CMS Experiment at LHC, CERN
Data recorded: Wed Jun 13 21:51:

runvent 106250/ 615300469 REGENT RESULTS FROM CMS
_AND THE IGGS UPDATE
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+ Heavy lon Results

4+ Standard Model Measurements
4+ The Higgs Story
4+ Highlights from Searches

® | essons from the Higgs discovery
® Naturalness, as a guiding light

4 4 Conclusions
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+ Thank you, the LHC, for spectacular 3 years and

Delivered integrated luminosity (fb™")

~30/fb delivered!

LHC 2011 RUN (3.5 TeV/beam)

! ! ! 1 T

—o— ATLAS 5.626 fb™"
|-~ CMS 6.136 fb™!
—— LHCb1.217 fb~!
—o— ALICE 4.877 pb™
PRELIMINARY
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Month in 2011

(generated 2012-06-21 00:39 including fill 2267)

Delivered integrated luminosity (fb™')
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LHC 2012 RUN (4 TeV/beam
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! ! I I I

—o— ATLAS 23.2

—0— LHCb 2.19

PRELIMINARY

—— CMS 23.269 fb™!

—0— ALICE 9.678 pb~!

69 fb~!
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Great Running Efficiency

PO ®™ 4 Fraction of the LHC operations used

10%
setup no beam

for physics:

25%
B Access B Ramp

Fault
® 2010: 16%% 2012 Prczﬂ_:l?sr:bRun Efficiency

Stable beams

0,
16% 3 SetUp [ Squeeze

© 2011: 23.7% =i 2

® 2012: 36.5%

beam setup
40%

2011 LHC Efficiency: 652 Fills

Statistics for fills 1613 to 2265
Total Duration: 230 days, 16 h [13.03.11 to 30.10.11]
Time in Stable Beams: 54 days, 16 h

16.4 %
36.5%

SB Time: 73.2 days Total Time: 200.5 days
Alick Macpherson




Ever-Increasing Luminosity

+ Lummosﬂy records were set monthly, often weekly!

\!§=7Tev \s =7 Tev Vs=8Tev — |
ATLAS

’ [ ]

[,

Q
. p L 0 0 0, oF
0 pet W ot et pf W odt sa“ pof W oc
Month in 2010 Month in 2011 Month in 2012
CMS Peak Luminosity Per Day, pp

LA L

ATLAS Online Luminosity
0 Vs=8TeV, [Ldt=20.81b" su>=20.7
[ Vs=7TeV, [Ldt=52f" su>= 9.1

180
160
140
120
100
80
60
40
20

'y
o

[ il L1114
Recorded Luminosity [pb "0.1]

Peak Luminosity [10* cm? s°']

||||||||||||I|||||I|||l||||||||I||||_

[ e

OO

10 15 20 25 30 35 40 45

Mean Number of Interactions per Crossing

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC CMS Average Pileup, pp, 2012, /s = 8 TeV

=
=]

-]

o

« 2010, 7 TeV, max. 203.8 Hz/ub <p> =21
« 2011, 7 TeV, max. 4.0 Hz/nb

¢ 2012, 8 TeV, max. 7.7 Hz/nb

1033 cm=s1 =1 Hz/nb

2

»
o

Peak Delivered Luminosity (Hz/nb)
Recorded Luminosity (pb '/0.04)
w

Q0 e
45° 4©

Date (UTC)

) 40 4% 20 2% 20 2% a0
Mean number of interactions per crossing

1)
i)
m
()
©
(7))
()
s
(&
(@]
(8}
C
()
o
1
(<))
S
)
et
)
L
o
-
C
()
(7))
()
-
o
el
(9}
©
o
O
I
—
1
(@)}
p -
()
o)
()
©
C
(]
|
(@)}
()
-
(O]
©
(<))
)
(7))

\‘A’




Excellent Detector Performance

4+ The LHC detectors have been working spectacularly with virtually
no degradation in performance over the three years of LHC Run 1

® |n some cases, original losses in performance was recovered

ATLAS Performance in 2012 CMS Status in Feb 2013 (%)

Subdetector Number of Channels | Approximate Operational Fraction
Pixels 80 M 95.0% CS C

SCT Silicon Strips 6.3M 99.3% R P C
TRT Transition Radiation Tracker 350 k 97.5% DT
LAr EM Calorimeter 170k 99.9% H O
Tile calorimeter 9800 98.3% H F
Hadronic endcap LAr calorimeter 5600 99.6%
Forward LAr calorimeter 3500 99.8% H E
LVL1 Calo trigger 7160 100% H B
LVL1 Muon RPC trigger 370k 100% H C A L
LVL1 Muon TGC trigger 320k 100% E S
MDT Muon Drift Tubes 350 k 99.7% E E
CSC Cathode Strip Chambers 31k 96.0% E B
RPC Barrel Muon Chambers 370k 97.1%
TGC Endcap Muon Chambers 320 k 98.2% E C-A L
Strips
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+ Excellent detector performance resulted in very high data
quality: ~95% of delivered data are recorded, and ~95% of
those are certified and used in physics publications!

®© We publish based on ~90% of all the bunch collisions that took
place in the LHC!

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV

ATLAS Online Luminosity
[ LHC Delivered
[ ] ATLAS Recorded

Data included from 2012-04-04 22:38 to 2012-12-16 20:50 UTC

N
w

I LHC Delivered: 23.30 b !
[ CMS Recorded: 21.79 fb !
CMS Validated: 19.62 b !

lllll[lll

N
o

Total Delivered: 23.3 fb™

CMS Preliminary
Total Recorded: 21.7 fb'

[
[

Total Integrated Luminosity [fo )
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v

Total Integrated Luminosity (b ')

0 — 1 L ! ! L 1 ! 1
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sty T LHC already reached nominal e
B TR flaeazn g o1 pileup rate; experiments e e, somsn

—— PFE; data

cope well! ooty

Recorded Luminosity [pb™0.1]
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Data 2012 Pile-up suppression 25 30 35

MC default M o ffic i n y number of vertices
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e T T T N 1
s P P NP NP
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Greg Landsberg - LHC: Past, Present & Future - Rencontres de Blois
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The LHC Legacy

+ The LHC has in fact (allegorically) replaced three machines in one

go:
®© Tevatron (Higgs, BSM searches, top physics, and precision EW
measurements)

© Belle (precision B-physics)
© RHIC (heavy-ion physics)
+ The LHC experiments are very successful in all these three areas

+ Would not be possible without theoretical and phenomenological
breakthroughs of the past decade:
®© Higher-order calculations, modern Monte Carlo generators, reduced
PDF uncertainties
+ I'll present a few CMS highlights from the first three years of the
LHC operations in flavor physics, heavy-ion physics, and the
discovery program, with the focus on the latter

® |n addition, when talking about the Higgs physics, I'll show the latest
ATLAS results as well (per organizers’ request)
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+ New measurement of Ap
lifetime in 7 TeV data

© t=1.503 + 0.052 (stat.) +
0.031 (syst.) ps

A, lifetime

CMS Collaboration
arXiv:1304.7495

(2011) JiyA

(2011) JiyA
DO (02-11) JAyA

(02-09) JiyA
DO (02-06) JiyA
DO (02-06) A
CDF2  (02-06) Aln
OPAL  (90-95) AY,AIT'
CDF1 (91-95) AY
ALEPH  (91-95) A/
DELPHI  (91-94) Al

errors in black: statistical only
errors in grey: syst. added in quadrature

Lo cumrent best value (PDG)
===~ values below used for bast value
J. Beringer et al. (Particle Data Group)
Phys. Rev. D85, 010001 (2012)

+

do/dp_xBr(u*w’) [pb GeV]

T
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Measurement of differential
do/dpt Y(nS) production
cross section with full 7 TeV
data sample
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Measurement of Y/V Polarization

+ First measurement of Y(1S-3S) polarization at the LHC
+ Now extended to W(2S) polarization measurement [zl &EIIE]

+ No evidence for large transverse or longitudinal polarization in the
explored kinematic range, in contradiction with theoretical predictions
® A bit of a crisis in NRQCD - needs to be resolved!

BPH-11-023
PRL 110 (2013) 081802

a
o
T

CcMS
pp \s=7TeV
L=4.9 fb’
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T T T T
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¢ Stat. uncert., 68.3 % CL
o 06<lyl<1.2 41w Tot. uncert., 683 % et Y(1S) §
ot. uncert., 95.5 % CL
ot. uncert., 99.7 % CL
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T T T 1
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Measurement of Y/V Polarization

+ First measurement of Y(1S-3S) polarization at the LHC
+ Now extended to W(2S) polarization measurement [zl &EIIE]

+ No evidence for large transverse or longitudinal polarization in the
explored kinematic range, in contradiction with theoretical predictions

® A bit of a crisis in NRQCD needs to be resolved!
; CMS pp i_ 7TeV L= 49fb1 I 1p(2$) HXframe E BPH'11'023

PRL 110 (2013) 081802

06<Iy|<12 i
.1
T

L L L " '
at. uncert., 68.3 % CL
ot. uncert., 68.3%CL —+ BPH 1 3 003
ot. uncert., 95.5 % CL -
uncert.,99.7% CL 1

[
06<lyl<1.2 |
b

¢ Stat uncert, 68.3% Gl
= Tot. un ss%cL.  Y(1S) }
Cort 955 9 GF
cert., 99.7 % GL

-:_ll__._ ________________
ki :

[
06<Iy|<12 [

15 20 25 30 35 40 45 50 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45
p. [GeV] p_[GeV] p_[GeV] p_[GeV] p_ [GeV]




+ Confirmation of a structure earlier observed by CDF and
observation of a second structure in the J/p¢ spectrum

from B* decays

8 + Full angular analysis of the B® = u*u"K® decay and
determination of differential branching fraction as a

function of dimuon invariant mass squared

CMS Prellmlnary \J_ =7 TeV, L=5.2 fb™’ CMS preliminary
x10

three--body PS T ;
—— 2BWs + tr:lree--body PS "o _ BPH-11-009
+ BPH-11-026 g

i S - = (NRRSRRTES (RS (St it i MR R
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= R N PP
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o
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3
Il

1 l 1 1 1 1 l

T
p—

1"$|_1|||1|1|1|1|1|1

L L L1 TR I | L1 L1 L1 1. W . L1 1
1.1 1.2 1 3 1 4 1.5 1|6 118
m(u*uwK'K)-m(uw’) [GeV] q (Gevic”)’
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+ Ridge yield measurement is now extended to much larger multiplicities in
pPb collisions

+ Determlnatlon of 4 partlcle correlatlons and elliptic flow in the ridge region

(a) IAnI>2 lePb sNN 276TeV 1 (b) IAnI<1 minus IAnI>2
6 @ pPb |5y, =5.02 TeV, 2013
- CMS [IpPb {5 =502TeV,2012 ] 1<p®<2GeV/c

i pr CGC Opp Vs=7TeV . . 1<p:ssoc<2Gev/c

352.'2:222:11?3222:32 ] CMS Collaboration

Y ] arXiv:1305.0609

] ..‘."\’ 1

Associated Yield / (GeV/c)

P
300 200

T VR (b) CMS pPb |5, =5.02 TeV, 220 < NJi'™ < 260
Noffline
trk

trig

1<p,"<3 GeV/c
1< p:ssoc <3 GeV/c

~“Tcms Pbev =276 TeV]

[ ® v,{2, IAn>2}
[ V{2, IAni>2}, NOT"°<20 sub.
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! : : r r
E f } +——— ————————
[ CMS pPb |, =5.02 TeV

ATLAS, = E,?>SO GeV = pPb Hydroys, =4.4 TeV, Npm =18
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0 v{4}
-2[” ALICE, 0-20% L T
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z : 2 7 z g z 2
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Nuclear Modification Factors

+ First measurement of the b-jet yield in PbPb collisions
using secondary-vertex reconstruction

+ Measurement of the nuclear modification factor for high-pr
jets in PbPb collisions (compared to that in pp collisions)

CMS Preliminary

\[Syn = 2.76 TeV
T T T | T T T

PbPb b-jet fraction / pp b-jet fraction

j L dt= 150 ub ™' (PbPb), 231 nb™" (pp)

o Data

Syst. uncertainty

L

0..

P I
100

120 140 160 180 .
Jet P, (GeV/c)

—_
(e}

©c o o 9 = = 2
[T U SR N SR N
III|III|II|

O [T T

(=}

PbPb \}sN 276 TeV
JLdt 129 ub™ || <2
—e— 100 <p!" (GeVic) < 110

5 100 < p’T‘“ (GeVic) < 300

L}
CMS Preliminary

Antn k Particle Flow Jets

T T T

Bayesian

Uncorr statnstlcal_

Total systomatucs—_

iN-12.004 E

[ ]

g lII|III|lII|IlI

R=0.3

T 200
N

part

A R
300
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[pb]

Production Cross Section, o, ,

—_
(=]
o

— —
o o
w >

=y
(=]
™

—_
o

o(tt) (pb)

CMS Preliminary

= CMS combined 8 TeV (2.8
o CDF
o DO

t-channel single top quark production

1 T T 1 T 1
CMS preliminary, 5.0 b '
CMS, 1.17/1.56 fb '
D0.54fb "
CDF. 7.5fb

——— Approx. NNLO QCD (pp)
Scale uncertainty

[ Scale ® PDF uncertainty
Approx. NNLO QCD (pp)
Scale uncertainty

[ Scale ® PDF uncertainty

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 NNLO PDF, 90% C.L. uncertainty

4

5 6 7 8 9
Vs (TeV)

CMS
3

E > 30 GeV
<24

36,19 pb’

§ 7 TeV CMS measurement (stat@sysﬂf

i 8 TeV CMS measurement (stat®syst)
——— 7 TeV Theory prediction
—— 8 TeV Theory prediction

Ly i :

= ® gy

—o—

El>15GeV
AR(y.) > 0.7

50f' 49fo’

a5 1 fo'

5.0 fb’

Ll llIIIlI

NLO QCD (5 flavour scheme)
messss theory uncertainty (scale  ® PDF)

L IIIIIlI

Campbell, Frederix, Malloni, Tramontano, JHEP 10 (2009) 042

NLO+NNLL QCD
e theory uncertainty (scale  ® PDF)
Kidonakis, Phys.Rev.D 83 (2011} 091503

CMS Preliminary

6

CMS 2010 dilepton
JHEP 07 (2011) (L=36 pb™)

CMS 2010 lepton+jets
PAS-TOP-10-009 (L=36 pb™)

CMS 2011 dilepton
arXiv:1209.2393 (L=5.0/fb)

CMS 2011 lepton+jets
arXiv:1209.2319 (L=5.0/b)

CMS 2011 all-jets
PAS-TOP-11-017 (L=3.54/fb)

CMS combination
up to L=5.0/fb

1755146+46

(val. + stat. + syst.)

173.1+21+£27

(val. + stat. + syst.)

1725+ 04+15

(val. + stat. + syst.)

1735+ 04+ 1.0

(val. + stat. + syst.)

1735+£0.7+1.3

(val. + stat. + syst.)

173.4+£04+0.9
(val. + stat. + syst.)

Tevatron 2012 combination
arXiv:1207.1069v2 up to 5.8/fb

t——=C——
——gn—s
—=C=
—n—
=t

173.2+0.6+0.8

(val. + stat. + syst.)

CMS combined result

JHEP10(2011)132
JHEPD1(2012)010
CMS-PAS-SMP-12-011 (W/Z 8 TaV)

CMS-PAS-EWK-11-010 (W2)
CMS-PAS-SMP-12-005 (WW7),
007(227), 013(WW8), 014(2Z8), 015(WV)

CMS EWK-11-009

160 165

170 175 180 185
My, [GEV]




+ W-+c production with exclusive ~ * W+bb/Z+bb cross section

charm tagging via full measurement
i + oxBr(W—-uv)=0.53+0.12pb @

reco.nstruct_ion of D+, D*, and 7 TeV (pbu> 25 GeV), in good
semileptonic decays agreement with the NLO

+ Direct access to the strange- prediction of 0.52 + 0.03 pb
quark PDF gw* o xBr(Z—1)=0.36 + 0.07 pb @ 7

TeV (p-P> 25 Ge
gluon (Pr V) SMP-13-004

CMS preliminary Vs=7TeV CMS Preliminary
—_ ey —
1 ]
D§ta’ 50fb . Total Uncertainty
* D" channel i CMS 2011
o D** = D° 1z channel i Statistical Uncertainty 84.1+2.0 (stat) 4.9 (sys)
o Semileptonic channel -

5fb" at\s = 7 TeV
—

Events / 20 GeV
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Jet Physics Highlights

+ New measurement of the ag via the ratio of 3 to 2 jet events:

® 0g(M,) =0.1148 + 0.0014 (exp.) + 0.0018 (PDF) +0-000 ..., (scale)
+ First differential inclusive jet cross section measurement at 8
TeV — important input to PDF fits

QCD-11-003
arXiv:1304.7498

. 0.0055
CMS R32 : ocS(MZ)=0.1148+

-0.0023

CMS R,,

DO inclusive jets

DO angular correlation
H1

ZEUS

e fs = 8TeV anti-k; R=0.7 L=10.71tb" CMS Preliminary




+ New measurement of the ag via the ratio of 3 to 2 jet events:
® 0g(M,) =0.1148 + 0.0014 (exp.) + 0.0018 (PDF) +0-000 ..., (scale)

+ First differential inclusive jet cross section measurement at 8
TeV — important input to PDF fits

QCD-11-003 Vs =8TeV anti-k [R=0.7 L=10.71fb "
e o T T T T '
arXiv:1304.7498 8L - Data/Theory 0.0 <Jy|< 0.5

T L L L LB
CMSR,,: as(MZ)=o.114s_+§§§:; .
CMS R,, -
DO inclusive jets
DO angular correlation
HA1
ZEUS

== Theo. Uncertainty
== Exp. Uncertainty

Y

-
11

Data/Theory

NNPDF 2.1 CMS Preliminary

1
200 300 1000 2000
Jet P, {GeV)
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CMS Preliminary, L=5fb" \s=7TeV

1 El>15GeV,AR>0.7,
M, > 50 GeV

2011: Z(ee)y . 0.95+ 0.06,, * 0.05,,,,
2011: Z(up)y b 1.00+0.06,,,% 0.05,

BLUE Combination  ~-er 0.98 +0.05,,, £ 0.05,,,,

. lumi. uncertainty 2.2%

II0.|5HII1IHI1.|5|
Ratio (CMS/Theory)

CMS Preliminary, L = 5 fb'  \s=7TeV

E}>15GeV,AR > 0.7

2011: W(ev)y o 1.15:£0.12,, + 0.06,,,,

2011: W(nv)y e 1.18£ 0.12,,, + 0.06,,,,,

116 0.11,,, + 006,

lumi. uncertainty 2.2%

0.5 T S—
Ratio (CMS/Theory)

Trlple Gauge Couplings

4+ Precision measurement of Wy and Zy

production cross sections and most
stringent limits on anomalous Zyy

couplings to date EWK-11-009
| Zn | 0010<hy<0010 | |hil<88x10s |
-

CMS Prellmmary, L 5 fb ! CMS Prellmmary L= 5 b
T >~

__ —Observed \;g 7TeV __ < . _— —Observed \,f§ 7TeV :

f’;z“‘ed W(ev,uv)y Combined - C f’;zected Z(ee,uu)y Combined
A- mm ;25 95% CLs Limit on Ak’ and " . : [ ] ;20 95% CLs Limit on h; and hj :

[ aTGC values outside contour excluded E
11 | 111 | L1 1 | L1 | | 111 I 11 1 | L1 | I
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Exclusive yy = WW(eu + MET) at 7 TeV

2 events observed with 2.2 + 0.4 signal and 0.84 + 0.15 background events
expected

Set stringent limits on anomalous quartic yyWW couplings two orders of
magnitude beyond beyond LEP (A = 0.5 TeV) and the Tevatron (no form-
factor): agV/A2 < 7.5 x 10 GeV?; acW/A2 < 2.5 x 10° GeV2 at 95% CL

CMS, Vs =7TeV, L=5.05 fb" cms \@ 7 TeV L =5.05 fb‘

o W A05TeV

® Data - Drell-Yant*t’
- Inclusive W*W' - Diffractive W'W'
| K £ Wijets
—— Elasticyy — t*t - Inelastic yy — t*t
— yy = W'W (SM)

e Standard Model
- —— CMS 95% confidence region
(Acutors = 500 GeV)
[ === CMS 1-D limit, 95% confidence region
(Aculoﬁ =500 Gev)

CMS Collaboration
arXiv:1305.5596

lllllllllllllllllllllllllllllllllllllll

| | e
200 400 600 800 _ 1000 W
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Evidence for a VBF Z boson production — a crucial measurement
for the Higgs VBF studies (paper to be submitted)
® Thought to be very hard due to dominant channel background
Require large rapidity gap between the tag jets and use advanced
multivariate techniques (BDT) to extract signal
See ~30 evidence for EW production of the Z
Measured cross section:
® o(up+ee) = 154 + 24 (stat.) + 46 (syst.) + 27 (th.) £ 3 (lum.) fb
® Theoretical NLO cross section: 166 fb

10°EOMS i - CMSeejj
F\s=7TeV,L=5.1fb" "\s=7TeV,L=5.01"

Negative interference with:

Multiperipheral




.

First event displays of high-prjets + Kinematics of activity reconstructed
with leading protons at 8 TeV by CMS and TOTEM are compatible

© m(CMS,jj) = 219 GeV
o mM(TOTEM, pp recoil) = 244 GeV
Further analysis of common data
ongoing

+ Working toward joint CMS+TOTEM

publication of activity reconstructed
by CMS and TOTEM are compatible

Based on *=90m data, taken using
common triggers with TOTEM

® 3 jets with pT >20 GeV

® Protons tagged in TOTEM Roman
Pots in both directions

® No hits in CMS Forward Shower
Counters (|n| ~ 6-8)




TOP Highlights: Production

+ Moving toward studies of a number of differential
distributions, thanks to the high integrated luminosity

® Testing up to approximate NNLO QCD predictions

® Some discrepancy in the top pr at NLO seems to
disappear with higher accuracy calculations

" CMS Preliminary, 12.2 f5'at Vs = 8 TeV 03 CMS Preliminary, 12.1 fo" at {s = 8 TeV CMS Preliminary, 12.2 fb'at /s = 8 TeV

_|||||||||||||||||||||||||||||||||||||| _""|""|""|.'"'|‘"'|""]""|"": - " LA L I L I ) L B B

- Dilepton Combined ¢ Data - e/ + Jets Combined . I\D/latjG A E . Dilepton Combined e Data

- — MadGraph — Madbrap ] : — MadGraph  _|
MC@NLO "2 MC@NLO - £ MO@NLO

--- POWHEG ] “POWHEG = -~ POWHEG
Approx. NNLO 7 -
(arXiv:1210.7813)
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+ Most precise measurement of R=B(t—Wb)/B(t—Wq)

© R=1.023 +0036 _q 34 QUL il

+ Search for FCNC top decay t—Zq;:
Br(t #Z9g) < 0.07% @ 95% CL §fe):5 PR ki

+ First LHC combination of W helicity measurements in top decays
© New CMS W helicity measurements in single-top and dilepton channels

TOP-12-025

T I T T T T I T T T T
ATLAS and CMS preliminary
\s=7TeV,L =385pb™-22fb"
B NNLO QCD

Combination
o= Data (FR/FL/FO)

I1: 1.023") e CMS-PAS-TOP-12-035 (2013)

12 0.94° CDF Note 10887 (2012)

11: 0.981 s ot CMS-PAS-TOP-11-029 (2012)

. +0.07
W09, p PR 107, 121802 2011)

11: 0.86 10

1j: 0.97, D@ PRL 100, 192003 (2008)
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Ij: 1.03::“1'1" D@ PLB 639, 616 (2006)

.. +0.31
1j: 1027

+0.49

CDF PRL 95, 102002 (2005)
I: 14175

1i+10.94)3) CDF PRL 86, 3233 (2001)

R=B(t— Wb)/B(t— Wq) 95% CL

ATLAS 2010 (single lepton)
ATLAS 2011 (single lepton)
ATLAS 2011 (dilepton)
CMS 2011 (single muon)

LHC combination
1 1 I 1 1 1 1 I 1 1 1 1

H—@

[

0.5 1
W boson helicity fractions
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ATLAS 2011 -2012

Vs=7TeV: |Ldt=4.6-4.8 fo
Vs=8TeV: |Ldt=5.85.9 fo

120 125 130 135 140 145 150
o m.[GeV]
1 CMS\ T T T T T T T T T T T (\S=\7\-rev’ !_=\5.\1 f\b r\s=\8\-re\\/, L=\ ;3 Tb T

1o . 130 140 150
m_ (GeV)
20 >

—
<
N

30

—
<
A

4c

Local p-value

5c

—— Combined obs.
-==-= Exp.forSM H
—_—Hoyy

| | H->2Z

il Phys. Lett. B 716 (2012) 30 A | r Gov

— Oserved  FESE Expectedt Sl « 100

200 300 400 500

-o‘"ll'llll.l
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~—— H—bb ‘ ‘ ‘

I
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+ The existence of new particle has been established
beyond any doubts; it is a 0** boson responsible for
EWSB, as evident from its relative couplings to W/Z vs. y

® |t’'s properties are consistent with those of the SM Higgs
boson within (sizable) uncertainties

® There is mounting evidence (Tevatron, CMS), that it is couples
to at least third generation fermions
|ATLAS Preliminary
—— Observed

Vs =7TeV, [Ldt = 4.6-4.8 fb CMS PAS HIG-13-005

- - SM expected s =8TeV, fLat = 13-20.7 b 0o Significance (my = 125.7 GeV)
20

Combination Expected (pre-fit) | Expected (post-fit) | Observed
. (pre-fit (post:fit) | Observed

(e}

ATLAS-CONF-2013-034 -, 710 710 6.70
SIn 6o . . 320

390

8o
H—bb . 200
Ho1t . . 280

] LYE H_ 1T and H—bb . i 340

PR S N N T T NN TN SO ST W A MY SR P
120 125 130




+ Higgs boson mass:
® ATLAS: My = 125.5 + 0.2 0556 GeV (0.43% precision)
© CMS: Mp=125.7 £ 0.3 £ 0.3 GeV (0.34% precision)

+ The Higgs boson mass has been already measured to a better
precision than the top (or any other quark!) mass (0.50%)

CMS Prellmmary |s 7Tev L<51fb Vs=8TeV,L<19.6fb"

N

- ATLAS Preliminary —— Combined
- Vs=7TeV:[Ldt=46-4810" — H-oyy H _> YY + H _) ZZ %+ Combined
— Vs=8TeV:|Ldt=207 fb" — Ho 74 4 Hoyy

X Best fit L + H->ZZ

w
)

Signal strength (u)

W
L

N
[6)]
T T

CMS PAS HIG-13-005 §

1 l ! 1 ! 1 I 1 1 ! Il | 1
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Higgs Boson Signal Strength

+ Consistency with the SM Higgs boson:
© ATLAS: u=1.30 + 0.20 @ 125.5 GeV
© CMS: u=0.80+0.14 @ 125.7 GeV EEZSLICRERE

i i i i I ; | \s=7TeV,L<5.1fb' \s=8TeV,L<19.6fb"
ATLAS Preliminary { my = 125.5 GeV Combined CMS Preliminary m,, = 125.7 GeV

\s =’7 TeV: |Ldt = 4.7 b

\s=8TeV: |Ldt=131b i H— bb

H— 1t : n=1.15+0.62
\s=7TeV:|Ldt=461" :
\s=8TeV: |Ldt=131b"

H-ww” 5 iviv g H s 12
\s=7TeV:|Ldt=461b" : W= 110+ 0.41
\s=8TeV: |Ldt=20.7 b f

H— vy :
\s=7TeV: [Ldt= 48 1b" : H— vy
\s=8TeV: [Lat=20.7 b i W=077+027
H—zz" - al =

\s=7TeV: [Ldt= 461" ;
\s=8TeV: |Ldt=20.7 b ; H— WW

u=0.68+0.20
Combined u=1.30+0.20

\s=7TeV: [Ldt=46-4.81" :
\s=8TeV: |Ldt = 13-20.7 fb" H-o ZZ

| | | | | | | n=0.92+0.28

P PERT SN ST R N S N S N T
-1 0 +1 0 >

: 1.5 2.5
LN W NI PIEREYY  Signal strength (1) Best fit o/oy,

Has not been updated to the
latest result of 1.00 + 0.50
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Higgs Boson Signal Strength

+ Consistency with the SM Higgs boson:
© ATLAS: u=1.30 + 0.20 @ 125.5 GeV
© CMS: u=0.80+0.14 @ 125.7 GeV EEZSLICRERE

i i i i I ; | \s=7TeV,L<5.1fb' \s=8TeV,L<19.6fb"
ATLAS Preliminary { my = 125.5 GeV Combined CMS Preliminary m,, = 125.7 GeV

\s =’7 TeV: |Ldt = 4.7 b

\s=8TeV: |Ldt=131b" H— bb
H— 1t 5 u=115£062 HIG-13-012

\s=7TeV: |Ldt=461b"
\s=8TeV: |Ldt =13 fo!

H-ww” 5 iviv g H s 12
\s=7TeV:|Ldt=461b" : W= 110+ 0.41
\s=8TeV: |Ldt=20.7 b f

H— vy :
\s=7TeV: [Ldt= 48 1b" : H— vy
\s=8TeV: [Lat=20.7 b i W=077+027
H—zz" - al =

\s=7TeV: [Ldt= 461" ;
\s=8TeV: |Ldt=20.7 b ; H— WW

u=0.68+0.20
Combined u=1.30+0.20

\s=7TeV: [Ldt=46-4.81" :
\s=8TeV: |Ldt = 13-20.7 fb" H-o ZZ

| | | | | | | n=0.92+0.28

P PERT SN ST R N S N S N T
-1 0 +1 0 >

: 1.5 2.5
LN W NI PIEREYY  Signal strength (1) Best fit o/oy,

Has not been updated to the
latest result of 1.00 + 0.50
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+ Both ATLAS and CMS strongly prefer JP¢ = 0+* over the alternatives
® Pseudoscalar 0+ and tensor 2+* hypotheses have been excluded at ~30

level by each experiment
CMS PAS HIG-13-002

ATLAS-CONF-2013-013
expect (u=1) | obs. 0 [ obs. J¥

BDT analysis
tested O Tor 2.60 (2.80) 0.50 3.30
an assumed J” 1.70 (1.80) 0.00 1.70
observed* 1.80 (1.90) 0.8c 270
0.31 1.70 (1.90) 1.80 400
0.55 280 (310) | ldo | >400 | <0.1%
2.30 (2.60) 1.7¢ >4.00 | <0.1%

0.15
CMS preliminary Ys=7TeV,L=51fc" ys=8TeV,L=196fb"

CL;
0.16%
8.1%
1.5%
<0.1%

comment
pseudoscalar
higher dim operators
minimal couplings
minimal couplings
exotic vector
exotic pseudovector

production
g9 — X
gg — X
g9 — X
qq — X
99 — X
g7 — X

tested J* for
an assumed 0"
expected | observed
po | 0.0037 0.015
po | 0.0016 0.001
po | 0.0038 0.051
Po 0.092 0.079
po | 0.0053 0.25

T T T ‘ T T T ‘

H(ZZ)
alone

0.53
0.034

T T T ‘ T T T T T T ‘ T T T ‘

T T T ‘ T T L

I ATLAS Preliminary

L Ho>ZZ" - 4l

[ Vs=7TeV:[Ldt=4.61"

|- Vs=8TeV: [Ldt=20.7 fb"

L H-yy

[ Vs=8TeV: [Ldt=20.7 fb"
—H— WW* — evuv/uvev
[ Vs=8TeV: [Ldt=20.7fb"

® Data

Spin 07:

Signal hypothesis .1" :

L
o

‘

I ATLAS Preliminary

L Ho2ZZ" - 4l
[ Vs=7TeV:[Ldt=4.61"
|-Vs=8TeV: Ldt=20.7 fb"

® Data

Spin 2
Signal hypothesis .1" :

L H-yy
[ Vs=8TeV: [Ldt=20.7 fb"

—H—> WW* — evuv/uvev
[ Vs-8TeV: [Ldi-20.7 b

‘_H
T
I |

\
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D W W

|
|
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|
|
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Probability density
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CMS Updates Since the Moriond

t looks more and more like the Standard Model
-Higgs Boson...

~ive new results have been approved since the
Moriond

® The last of five main channels was updated with full

statistics: VH(bb) LIERERIA

® New H(bb) search in VBF production [[IEREIER

® ttH(yy) [IRERIC

® Two new high-mass Higgs analyses: ZZ(//vv) and
WW(lvjj) with jet substructure

+ ATLAS is working on the updates for summer
conferences




Observed a 2.10 excess over the SM
expectations

+ Corresponding signal strength: 1.0 + 0.5

+ Increased theory systematics (due to NLO
EW + NNLO QCD) leading to a bit lower
cross section compared to the previous
(HCP 2012) analysis

Entries / 0.25

Data/(S+B) Data/(B)

CMS Prellmlnary
{s= 7TeV,L =5.0 fb"

{s= 8TeV,L=19.0 fb’ - VH (125 GeV)

(s=7TeV,L=5.0fb" {s=8TeV,L=19.0fb"
- Background

Combined CMS Preliminary
w=1.00=0.49

Z(vv)H(bb)
w=1.04+077

Z(|>|+)H(bb)
n=0.82+0.97

W(lv)H(bb)
w=1.11+087

my =125 GeV

-0.5 0
log, (S/B)

Best fit o/og,,

weighted entries / 15

95% Asymptotic CL Limit on o/cg,,

L {s= 7TeV,L=5.0fb"

B
| CMS Preliminary ¢ paa

- Vs= 8TeV,L=19.0 fb" B vH (125 Gev)
" pp — VH; H— bb v

Sub. MC stat. uncert.

7 . 50. % Visible MC stat. uncert:
210

M,; [GeV]

’I cms ‘Prel‘ln"ur‘la‘ry‘ o

- Vs=7TeV,L=5.01fb"’
Vs=8TeV,L=19.0 fb"

—e— CLg Observed 7
--@- ClLg H125 injected |
--e- CLg Expected I
VH(bb), BDT combined [ CL Expected = 10 |

CL Expected = 2 0

=

<I | | | | | |
110 115 120 125

Il ‘ Il Il Il
130 135
m,, [GeV]




+ New search in the W(Ilv)W("j”) channel in a boosted regime
® Sensitive to Higgs masses above ~600 GeV

+ An update of the high-mass Z(ll)Z(vv) search to full statistics
® Probes SM-like heavy Higgs up to ~900 GeV

cms Prellmlnary 19 3 fb’ at (s=8 TeV e+u CMS preliminary, s=7 TeV [ L= 5.0fb™, /s=8 TeV [ L= 19.6fb™
| T T T I T T T I T T T I T T T |

W(l'\’)+“] et,, _f I — theory
—— 95% C.L.Observed Limit E 2 - Z( l I)Z(VV) —— median expected

95% C.L.Expected Limit 7] - expected = 1o
- m B expected = 20
- +10 Expected Limit

E +2 o Expected Limit
——— SM Expected

: HIG-13-008

—_
o
I

95% CL limit on G/OSM

—e— observed

600 800 1000
650 700 750 800 850 900 950 1000 )
Higgs boson mass (GeV/c?) HIggS boson mass [GeV]
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IlllllllllllllIIlllllllIIIIIIIIIIIIIII]Illllllll - - _ _ _1
ATLAS Preliminary ATLAS Preliminary \s=7TeV, [Ldt=4.6-4.8 fb
P Hx1o =20 /s = 8 TeV, [Ldt = 13-20.7 fb”
H T

\s=7TeV: |Ldt=4648fb"
\s=8TeV: |Ldt=1320.7fb"

—H-yy + Standard Model
—HozZ" 54 X Bestfit
—H->wWw" 5 viv —68% CL

-~ 95% CL

_lllllllIllllllllllllllllllll

ATLAS Prehmmary

1
- As=7TeV,[Ldt=46-481b =7y Blcombined
- 1s=8TeV,[Ldt=1320.7 10" M % Best Fit

1 1 1 1 1 | 1 I

-1 0)
m, = 125.5 GeV parameter value

—= !
06 0.7 08 09

ATLAS-CONF-2013-034




CMS Preliminary {s=7TeV,L<5.1fb' ys=8TeV,L<19.6fb"
R BRI R o T

F H— VV (0/1jet)  [— Observed
g ---- Exp. for SM H

'
'
'
I
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IR RN RN RN RN RN LY
e e b b b b b e T T

A Ll
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CMS Preliminary ys=7TeV,L<5.1fb' \s=8TeV,L<19.6fb" ; oy 4
T Is=7TeV,L<51fb ys=8TeV,L<19.6fb

CMS Preliminary Y\s=7TeV,L<51fb" {s=8TeV.L<19.61b"

¢ SMHiggs @ Fermiophobic [ Bkg. only === 58% CL : CMS Preliminary " 68% CL
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Higgs Discovery Implications

Light Higgs boson discovery implies that the SM can not
be a complete theory up to the Planck scale

It’s light enough to be a MSSM Higgs, but yet too heavy
to obviously prefer MSSM vs. SM!

® Had it been just 10% heavier we would probably stop
talking about low-scale SUSY!

If we found the SM Higgs boson, we now need to explain
the EWSB mechanism, i.e. what makes the Higgs
potential what it is (explain the origin of the A term in the
Lagrangian)
® It looks more and more like the SM Higgs boson, but there
is still room for surprises!

Vacuum stability arguments require new physics to come
at a scale ~10" GeV or less

® Curiously points to a similar scale as suggested by the
neutrino mass hierarchy via see-saw mechanism

Nevertheless, a metastable vacuum could survive w/o
new physics

In a sense, a 125 GeV Higgs boson is maximally
challenging and rich experimentally, but also inflicts
“maximum pain” theoretically, as it is not so easy to
accommodate

Instability scale in GeV

T | T T T | T T T | T T T | T T T
[ experimental errors 68% CL:

LEP2/Tevatron: today

M, =123 .. 127 GeV, -

Heinemeyer

I arXiv:1301.7197

SM|M,, = 127 GeV MSSM, M, = 123.127 GeV [
SM, MSSM |

Heinemeyer, Hollik, Stockinger, Weiglein, Zeune "12

170 172 174 176 178

1o bands in
My) =0.1184 £ 0.0007 |

Degrassi et al.
arXiv:1205.6497

Top mass M, in GeV




+ The simultaneous measurement of the Higgs boson and top quark masses allowed
for the first time to infer properties of the very vacuum we leave in!

® We are in a highly fine-tuned situation: the vacuum is at the verge of being either stable
or metastable!

®© ~1 GeV in either the top-quark or the Higgs boson mass is all it takes to tip the scales!
+ Perhaps Nature is trying to tell us something here?

® Very important to improve on the precision of top quark mass measurements, including
various complementary methods and reduction of theoretical uncertainties

®© Tevatron is still leading with the new combined M result, but LHC is catching up quickly!
180

ATLAS Preliminary May 2013

1 b I+jets (2d) ——-o+——1174.53 + 0.61 + 0.43 +227
4.7 b l+jets (3d) prel. 1ot —i 172.31+0.23 +0.27 + 0.67 + 1.35
CMS 5.0 fb' l+jets —ioi— 173.49 +0.27 + 0.33 +0.98

DO 3.6 fb ' I+jets =—e—i— 174.94 +0.83 + 0.53 +1.12

Pole top mass M, in GeV

Stability CDF 8.7 fb' I+jets e 172.85 + 0.52 + 0.49 +0.85

L] Tevatron Comb. 2013 Fred 173.20 + 0.51+ 0.36 +0.61

125

stat syst
Higgs mass M), in GeV ATLAS-CONF-2013-046 |

165 170 175 180

M, [GeV]




Masina
+ Metastable vacuum?

166 -

165 _
164F \ETASTABILITY _
163F |
‘ [ qump=01213 _
1 2 E - — i ]
4 i f ax(mz)=0-1198 =
1617 aymp=0-1170_ - _
a8 :'— STABILITY _
\/ 1245 1250 1255 1260 1265 1270

my [GeV]
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+ The Higgs is there, but so far, no sign of new physics, and it’s not like

we haven’t looked hard!

Large ED (ADD) : monojet + E-

Large ED (ADD) : monophoton + E; ¢

Large ED (ADD) : diphoton & dilepton, m,_,

UED : diphoton + E;

S'/z, ED : dilepton, m,

RS1 : dilepton, m,

RS1: WW resonance, m;,

Bulk RS : ZZ resonance, m;

RS g — tt (BR=0.925) : ti — I+jets, m,

ADD BH (M, /Mp=3) : 8S dimuon, Ny, ...
ADD BH (M, /M,=3) : leptons + jets,~p
Quantum black hole : dijet, F (m.

T,miss

................. Aps NG

gqqgq contact interaction =y (m )
qqll Cl : ee & uw, n"vu
uutt Cl : SS dilepton + jets + E .

Z' (leptophobic topcolor) : tf — I+jets, m,
W' (SSM) :my .,
W' (= tq, g =1) :m,
W', (— tb, LRSM) : m
Scalar LQ pair (=1) : kin. vars. in e€jj, evjj
Scalar LQ pair (=1) : kin. vars. in uujj, uvjj
Scalar LQ pair (p=1) : kin. vars. in ttjj, tvjj
. 4" eneration : t't'— WbWb
4th generation : b'b' — SS dilepton + jets + ET e
Vector-like quark : TT— Ht+X
Vector-like quark : CC, m,
oo Excited quarks :y-jet resonance, m o
SE Excited quarks : dijet resonance, Pnﬂ
Excited b quark : W-t resonance, m,,,
Excited leptons : |-y resonance, m
Techni-hadrons (LSTC) : dilepton,m,
Techni-hadrons (LSTC) : WZ resonance (ll), m.,
Major. neutr. (LRSM, no mixing) : 2-lep + jets
Heavy lepton N* (type Il seesaw) : Z-| resonance, m,,
H™ (DY prod., BR(H—ll)=1) : SS ee (uu), m
Color octet scalar : dijet resonance, my
Multi-charged particles (DY prod.) : highly ionizing tracks

*Only a selection of the available mass limits on new states or phenomena shown

S Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

Mp (5=2)
ATLAS

Preliminary

M (5=2)
Mg (HLZ 3=3, NLO)
Compact. scale R”
Mg ~ R
Graviton mass (k/Mp, = 0.1)
Graviton mass (k/Mg, = 0.1)
Graviton mass (k/Mp, = 1.0)
g, Mass
M (6=6)
M, (5=6)

det=(1 -20) fb
(s=7,8TeV

MD (5=6)
A
A (constructive int.)
A (C=1)
2.86 TeV_ Z'mass
1.4Tev Z'mass

L=20 fb”, 8 TeV [ATLAS-CONF-2013-017]
L=4.7 b, 7 TeV [1210.6604]

L=14.3 fb”, 8 TeV [ATLAS-CONF-2013-052] 1.8 TeV. Z'mass

L=4.7 fb", 7 TeV [1209.4446] 255Tev. W' mass

L=4.7 fb”, 7 TeV [1209.6593] 430 GevV. W' mass

b -

L=14.3 fb™, 8 TeV [ATLAS-CONF-2013-050] 1.84Tev. W' mass

660Gev 1" gen. LQ mass
685Gev 2™ gen. LQ mass
L=4.7 fb”, 7 TeV [1303.0526] 534 Gev 3" gen. LQ mass
L=4.7 1b", 7 TeV [1210.5468] 656GeV| t' mass

L=1.0b", 7 TeV [1112.4828]
L=1.0b™, 7 TeV [1203.3172]

L=14.31b", 8 TeV [ATLAS-CONF-2013-051) 720 GeV_ b' mass
L=14.3fb", 8 TeV [ATLAS-CONF-2013-018] 790 GeV_ T mass (isospin doublet)

g .

ee/upn

L=4.6b”, 7 TeV [ATLAS-CONF-2012-137] 1.12Tev. VLQ mass (charge -1/3, coupling k ,q =v/m)
q* mass
g* mass
b* mass (left-handed coupling)
I* mass (A =m(l*))
p /oy mass (m(p /o) - mix) = M,)
p_ mass (m(p,) = m(m;) + my, ma,) =1.1m(p,))
N mass (m(W H) =2TeV)
N mass (IV | =0.055, IV | = 0.063, IV.| = 0)
H;* mass (limit at 398 GeV for uu)
Scalar resonance mass
mass (Iql = 4e)

ass
1 111 | IIIIIIITl | |

102
Mass scale [TeV]

10 1 10




GRS

And What About New Physics?
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The Higgs is there, but so far, no sign of new physics, and it’s not like
we haven’t looked hard!

C M S EXOTl CA 95% CL EXCLUSION LIMITS (TEV)

q* (q9), dijet
q* (W)
g*(q2)

q*, dijet pair

q*, boosted Z
e, AN=2TeV
p, A=2TeV

Z'SSM (ee, py)

Z’SSM (11)

Z’ (tt hadronic) width=1.2%
Z’ (dijet)

Z’ (tt lep+jet) width=1.2%
Z’SSM (ll) fbb=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) M =0.1

G (Z2(INZ(qq)) k/M = 0.1
W’ (Iv)

W’ (dijet)

W’ (td)

W’ = WZ(leptonic)

WR’ (tb)

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV
String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm

0 1 2 3 4 5
1 2 3 4 5

Long
Lived

0 1 2 3 5

LQ1, B=0.5
LQ1, p=1.0
LQ2, B=0.5
LQ2, B=1.0

LQ3 (bv), Q=+1/3, B=0.0
LQ3 (b1), Q=+2/3 or +4/3, p=1.0
stop (bT)

b’ = tW, (3I, 2I) + b-jet

q’, b’/t’ degenerate, Vtb=1
b’ = tW, [+jets

B’ — bZ (100%)

T — tZ (100%)

t' = bW (100%), I+jets

t" = bW (100%), I+

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.l., py, destructve LLIM
C.l., py, constructive LLIM
C.l., single e (HNCM)

C.l, single p (HNCM)

C.l., incl. jet, destructive
C.l., incl. jet, constructive

Ms, vy, HLZ, nED = 3

Ms, vy, HLZ, nED = 6

Ms, Il, HLZ, nED = 3

Ms, Il, HLZ, nED = 6

MD, monojet, nED =3

MD, monojet, nED =6

MD, mono-y, nED =3

MD, mono-y, nED =6

MBH, rotating, MD=3TeV, nED = 2
MBH, non-rot, MD=3TeV, nED = 2
MBH, boil. remn., MD=3TeV, nED = 2

MBH, stable remn., MD=3TeV, nED = 2
MBH, Quantum BH, MD=3TeV, nED = 2

LeptoQuarks

Generation

Contact
Interactions

Extra Dimensions
& Black Holes
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o

cross section x BR [fb]
o]

o
o

o
~

0.2

et, we could cover Brazil with “Brazil

T T T T T T T T T T T T 1 S 102
—— Obs. 95% CL upper limit o
Exp. 95% CL upper limit —
[ Exp. 10 uncertainty

Exp. 2 6 uncertaintv

Vs=8TeV
13—

[ Ldr=14.3 b =
T 10
Q

=
o

' 4393837 36 35 34 33
[ RAAAI RAA A R a R R E s L L s e

CMS Preliminary
\s =8 TeV

CL, Value

IL= 10.7 fb”'

] C
10" o (=
reliminary [ Ldt=2061" {s=8Tev

|II]IITIIIIII]IIIIIIIII]III
I]]]]]HIH]]]]]H Theory (approx. NNLO prediction +15)
95% CL expected limit
- 95% CL expected limit+1c
I:I 95% CL expected limit:2¢

95% CL observed limit

ATLAS-CONF-2013-018

\s=8TeV

ol

Ldt=143f"  SU(2) doublet

N N I 05
— 95% CL Observed Limit ]
95% CL Expected Limit—
[ = 1o Exp.Limit ]
[ ] =20 Exp.Limit
Theory LO
Theory NLO

) B(W=s Iv)

"—tb

7200

\

[ BTRE I BT SRR BT |

IIIIIIIIIIIIIIIIIII‘I“;‘:"AIIIIIIIIII

\"\
3.5

2 2.5 3 4 4.5 5
A; [TeV]

300

|

400 500 600 700 800 900
m, [GeV]

X
ATLAS FOD

I

3

-1
Ldt=1© 10
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Il <2.58&W

WideJets
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lan-flag” plots!

 CMS Preliminary
s=8TeV

95% CL Expected limits

— 95% CL Observed limits

—— Theory prediction LO

LR

JL dt=19.5"
ADD §=3

Theory prediction NLO

- +/- 10
D +- 26

LRI
R

CMS PAS EXO-12-048

LR R
|

LR |

sl b b b b b g

2 2.5 3 3.5 4 4.5 5
M, [TeV/c?]
N V=0
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ATLAS Preliminary
\s=8TeV
Z >
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llllllul lllllLuI L1l




slo|g @p S8J1uoouay - 8inin4 ¥ 1Uasald ‘1Sed :QH - Biegspue] Bair) | 8% OPIS




+ Search for Dark Matter in monojet and monophoton final < 15=
states a la the direct detection experiments:

® Limits are somewhat model-dependent as they are sensitive % 10
to the mass of the mediator; yet competitive

® Offer unique sensitivity to DM-gluon couplings

<+

Data/ MC

Events / 25 GeV

Increased interest since the recent CDMS result

(arXiv:1304.4279)!

Direct Detection (t-channel)

CMS Preliminary
s=8TeV

IL dt=1951"
[Jacp
] zorr
ADD M=2TeV,5 = 3
DMA =09TeV,M =1 GeV
UNP d;=1.7, Ay = 2 TeV

+

HIAHTHIT 45

800 900 1000
E™S [GeV]

600 700

DM

Collider Searches (s-channel)

q Use a single jet
to trigger

q X
Monojet + MET

2,
-30
= 10
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3
®
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=
o
D
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CMS Prelimlinary e GMS 2012 Axal Vector -
ls=8TeV -e CMS 2011 Axial Vector —
— - CDF 2012 =
= SIMPLE 2012
mitmits CDMSII 2011
COUPP 2012
-=- Super-K W'W’
IceCube W*W"

J.L dt=19.5"

@y, 7 0@y Q)

2

Spin Dependent mediator
1 III| 1 IIIIIII| 1 11 1111

_| T IIIIIII| T IIIIIII| T T T T TTT1T
= CMS Preliminary —*— CMS 2012 Vector
o[ Vs=8TeV
) iJ.Ldt=19.5fb'1

10 102 10°
]

2
M, [GeV/c

..... e CMS 2011 Vector

— — CDF 2012

—— XENON100 2012

. COUPP 2012
SIMPLE 2012
CoGeNT 2011

-+--- CDMSII 2011
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mediator
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+ Search for Dark Matter in monojet and monophoton final < 15=
states a la the direct detection experiments:

® Limits are somewhat model-dependent as they are sensitive % 10
to the mass of the mediator; yet competitive

® Offer unique sensitivity to DM-gluon couplings

<+

Data/ MC

Events / 25 GeV

Increased interest since the recent CDMS result

(arXiv:1304.4279)!

Direct Detection (t-channel)

CMS Preliminary
s=8TeV

IL dt=1951"
[Jacp
] zorr
ADD M=2TeV,5 = 3
DMA =09TeV,M =1 GeV
UNP d;=1.7, Ay = 2 TeV

+

HIAHTHIT 45

600 700 800 900 1000
E™S [GeV]

DM

Collider Searches (s-channel)

Use a single jet
to trigger
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Spin Dependent mediator
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CMS Preliminary
| | | | | |
—— CMS ee+uu(8TeV,20b™) -
Atlas ee-+up+yy(7TeV,5.0fb ) —
— = CMS ee+up+yy(7TeV,2.0fb™) ]
CMS yy(7TeV,34pb™) ]
i D@ ee+yy(1.96TeV, 1.05fb™

Search for W and Z' in leptonic decay
channels

® M(W)> 3.2 (W', TeV; also limits on UED and
compositeness

® M@Z)>2.6(Z,)-3.0 (2, TeV

® Also interpreted in terms of limits on large ED
(Mg ~ 4 TeV) :
CMS preliminary, 20 fb", 2012, Vs =8 TeV 2 3 4 5 6 7

Observed 95% CL limit nED
Observed 95% CL limit W' — ev
Observed 95% CL limit W'— uv
Expactad 26% CL Kmit CMS PreI|m|nary 8TeV, ee (196 fb™), u*p (20.6 fb™)

Expected 95% CL limit+ 1c - . —— T —— T
Expected 95% CL limit+2c

. SSM W' NNLO median expected
PDF uncertainty

W, with 1 = 10 TeV NNLO EXO -1 2 -061 I 68% expected

- wKK with i = 0.05 TeV NNLO ) ~ 95% expected

. = Zl
mis: L SSM
..e+Er L+ EST § ; z,

—— 95% CL limit

Limit on M, [TeV]

T

T

LU

T T TTTTI
L LIl

T T TTTTIT

T III|I"’ T

F T oo

IIII|IIIIllIIIlIIIIIIlIIIIIIIIIIl
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Slide 51

Events / 50 GeV

Events / 50 GeV

o
=
gu]
©
=4
©

o(Data-MC)

e.',]ets N > [0 tf + Single-Top
b tags 0 Wb + 21T+ WV
s Wipx20, m=18 TeV
== W x20, m=20 TeV
- = = W'y x20, m=25 TeV
==t W' x20, m=30 TeV

BEE Uncertainty

500 1000 1500 2000 2500 3000 3500 4000
M(tb) [GeV]

CMS Preliminary, 19.6 fb' at \s = 8 TeV

[0 tf + Single-Top ;
3 Wby + 21T + VW o

e W x20,m=18TeV 3
== Wy x20, m=20TeV
- - - W,x20,m=25TeV 3
—e Wi x20,m=30TeV 3

BEE Uncertainty

500 1000 1500 2000 2500 3000 3500 4000
M(tb) [GeV]

Extension of the W'(tb) search with full 8
TeV statistics

Probing W, as well as arbitrary

couplings

® Limits as high as 2.1 TeV are set for W,
and W,_w/o interference

Also set limits for arbitrary left/right W
mixture

©®

CMS Prellmmary, 19 6 fb at \'s 8 TeV

o __ Theory M, << My,
B2G-12-010 ____Th:g:zM>Mw

—— 95% CL observed
95% CL expected

[ t1o expected
. 120 expected

LEULLELLL

L IIIIIII

w' —>tb—>|vbb) [pb]

LN
| IIIlIIIl

1 IIIIIIII
1 | IIIIIII

Invariant Mass Analysis
e/u+jets Nb _— >1

L | ! 1 1 | 1 L ! 1 | - 1 L | 1 L 1 T
1000 1500 2000 2500 3000

W' Mass [GeV]
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event yield

data / bkg

event yield

data / bkg

CMS Preliminary, 19.6 fb™, s = 8 TeV

1000 2000

Low-mass

o :'; XX Uncertainty
. —®— CMS Data 2012

3000

N woly

B}

I others

— Z' 1.0 TeV/c* (1%)

Z' 2.0 TeV/c? (1%)
Z' 3.0 TeV/c® (1%)

u+jets, ng =0

4000 50
M, [GeV/c?]

I -""""‘“++++++ u

7000 2000 3000

4000 50

i j >
RET e+jets, ngJ

— Z'1.0 TeV/c® (1%)
----- Z' 2.0 TeV/c® (1%)
Z' 3.0 TeV/c? (1%)
Uncertainty
—e— CMS Data 2012

1000 2000

High-mass

I
3000

Il
4000 5000
M, [GeV/c?]

| oo }

7000 2000 3000

7000 5000

4+ New search for tt-resonances in the
l+jets+MET channel with full Run 1 data

® Optimized separately for low-mass (non-
boosted, M, < 1 TeV) and high-mass

(boosted) regimes
® Sets most stringent limits today

2

o
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—
Q
n

CMS,L=19.6fb", \s =8 TeV

Z' with 1.2% Decay Width
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+ A 125 GeV Higgs boson is challenging to
accommodate in (over)constrained
versions of SUSY, particularly for “natural”
values of superpartner masses

® Started to constrain some of the simpler 125

Big question: if SUSY exists, can it still be 4
“natural”, i.e. offer a non-fine-tuned

models

solution to the hierarchy problem
If not, we would be giving up at least one

®

of the three SUSY “miracles”

3000
M (GeV)

PR | PR
2000

| - | P
1000

120

Arbey et al

arXiv:1207.1348

110~

B NUHM
B mSUGRA
[ ]vcmssm
B navsB
] cNMssSM
- No-scale
[ ImGMsSB

Mahmoudi et al
arXiv:1211.2794

10

20 30 40

50
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+ Excluded squarks to ~2.0 TeV and gluinos to ~1.2 TeV -
or dld We? MSUGRA/CMSSH: tanf = 30, A,= 2, x>0

||||.._-|| I'EI LI
: i

I T T T I T T T I T T T I T T ]
ATLAS Preliminary —

I Ldt=20.31b" 1s=8 TeV

LT T TR

II|l||||||||||||||||||||||
. AT T LT T T T
E:‘.«ﬂ'l-‘\m -

A

0-lepton combined

Susy

—— Observed limit (+10505") ]

squark mass [GeV]

=~ - Expected limit (t15,,,) ]

[ JstauLsp

CMS Preliminary L _ =4.98 fb",\s=7TeV
’}II/&/I\ I T T T T I T T T T I T T T T I T T Italn(ﬁl)=‘;0 T T
Py > A,=0GeV

u>0
Jets+MHT m, = 173.2 GeV

D LEP2 1"
. LEP2 7

m(g) = 1000

1000 1200 1400 1600 1800 2000 2200
gluino mass [GeV]

Multi-Lepton

1 1 I | 0I 1 1 1
500 1000 1500 2000 2500 3000
m, [GeV]




SuperSymmetry or SuperCemetery?

+ Excluded squarks to ~2.0 TeV and gluinos to ~1.2 TeV -
or did we’?

////’//// /
S /?

AMERICA'S OLE"FST BREWERY .

Read the fine print!




+ We set strong limits on squarks and gluinos, and yet we have
not excluded SUSY
®© Moreover, we basically
excluded VERY LITTLE!
+ We ventured for an
“easy-SUSY” or
“lazy-SUSY” and we
basically failed to find it
® So what? - Nature could
be tough!
What we probed is a tiny
sliver of multidimensional
SUSY space, simply most
“convenient” from the
point of view of theory
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+ We set strong limits on squarks and gluinos, and yet we have
not excluded SUSY

®© Moreover, we basically
excluded VERY LITTLE!

+ We ventured for an
“easy-SUSY” or
“lazy-SUSY” and we -
basically failed to find it
® So what? - Nature could
be tough!
What we probed is a tiny
sliver of multidimensional
SUSY space, S|mp|y most T. Rizzo (SLAC Summer Institute, 01-Aug-12)
“convenient” from the
point of view of theory

SUSY Theory phase space
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We are at a SUSY Crossroad

+ Light 125 GeV Higgs boson strongly prefers SUSY as the fundamental explanation
of the EWSB mechanism (via soft SUSY-breaking terms and radiative corrections)

+ But what kind of SUSY?
Jhe ijqka 4% \éj&f’]}t
T _

Nima Arkani-Hamed,

SavasFest 2012 MH o 1;15 Ce \/

[Hh bour J‘ ax\%z(
AU vl Siwple Fuen minime
V\—f l es§ S ¢ 3 g:,\." Y

fomodee &4 e
e ) funing 1)

Implies: light stops/sbottom,

reasonably light gluinos and
charginos/neutralinos

Likely: long-lived particles,
light neutralino, multi-TeV Z’, ...
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P Natural SUSY Reach

+ With [Ldt ~ 25/fb™' and 1 fb cross section produce 25 events;
typically 1-10 events observed after acceptance/efficiencies

g, pb http://www.thphys.uni-heidelberg.de/~plehn
10

gg: M(g) = 1.3 TeV
titi: M(t1) < 0.8 TeV
Yx: M(%) < 0.6 TeV

In combination,
we could cover
most of the natural
SUSY space!

Can’t do this with
gluinos alone!

2
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Natural SUSY

+ If SUSY is natural, we should find it soon:
®© And we most likely will find it by observing 3rd generation SUSY particles
first!

+ Requires shifting of the SUSY search paradigm: going for the third

generation partners, push gluino reach, and look for EW boson partners
: Li,é

Papucci, Ruderman, Weiler
arXiv:1110.6926
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+ If SUSY is natural, we should find it soon:

®© And we most likely will find it by observing 3rd generation SUSY particles
first!

+ Requires shifting of the SUSY search paradigm:—gping.for the third

generation partners, push gluino reach, @ﬂ% Roson partners

Papucci, Ruderman, Weiler
arXiv:1110.6926
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Natural SUSY

+ If SUSY is natural, we should find it soon:

®© And we most likely will find it by observing 3rd generation SUSY particles
first!

+ Requires shifting of the SUSY search paradigm: going for the third
generation partners, push gluino reach, and look for EW boson partners
: Li,é
B
Papucci, Ruderman, Weiler W
arXiv:1110.6926
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+ Once we focus on natural SUSY, the spectra and the signatures
become rather simple — almost like SMS

ln + l W

A 0 0 r+
w-lllh'/Z u/ 0 0| W
u A { ) v /Z A

‘ I:Ii,l:l(’ -lb lt 1 ‘

Decay mode Conditions
t — tx° mg > My + M0
t—bxT = W | mg > mp +my+, my+ > myo + my
t— byt = bW | mz > my + My+, Myt < My + My
t—t* " = WX | mz < my+ Myo, Mg < My+ + My
t — cx° my < My + Myo, Mz < My+ + My

b — by°

b— by~ — tW—" mg > My + My—, My— > Myo + My
b—tx™ = W | my >me+m,—, my- < myo +mw




Compressed Spectrum?

+ If t1 is NLSP and its mass is close to the top mass, the main
decay mode becomes 3-body and hard to reconstruct

+ It is still possible to handle this case experimentally:
® Take a cross section hit and look for t> and sbottom decays

® Look for modifications of the tt differential cross sections

and asymmgtngs due to the stop 0D T8, G B ME@>>M()
contamination in tt S0 S 40810 (57 Tov
9] - = QNLOLL L 15 sig. theory.”

+ Another possibility is nearly SO0 B limit o orp.
degenerate gluino and neutralino € ¢ <

® [n CMS, we “parked” a lot of
datain 2012 corresponding to
low-threshold triggers targeting
compressed scenarios - first
results are expected this 00 500 300 3000 1200
summer! m(g) [GeV]

—_
o

. 3
95% CL Upper Limit on o [pb]
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Natural SUSY: Gluino-Induced

+ Repeat the entire host of all-hadronic, single-lepton,
dilepton, and multilepton searches in the bins of b-jet
multiplicity

®© Expect up to 4 b-jets in the following SMS targeting gluino
decays via virtual stop or sbottom:

L

© T1bbbb can be probed in all-hadronic searches with b-jets

® Depending on the decay mode of the tops, could look for the
T1tttt production in all-hadronic, single-lepton, dilepton, and
multilepton final states

®© Next in line: T1ttbb, with two gluinos decaying differently
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+ Two all-hadronic analyses binned in b-jet content,
up to 4 or more: ar and Hr+ME~

CMS Collaboration
arXiv:1303.2985 CMS SUS-12-024

CMS Preliminary, 19.4 fo', Vs = 8 TeV

—
o

95% CL upper limit on o (pb)

o 1 I I I I L I 1 1 [ J ] I | 1 1 l[ ,
pp—58,8~ bbi‘}, m(B)>>m(g)
Expected L|m|t s1oexp. =
——— oNLO#NLL . { g theory =

. CMS, 11.7fb",\s =8 TeV

H
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PP—>§5§>bbT
NLO-NLL exclusions
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w

. 1 1 ET =
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CMS Collaboration CMS SUS-12-024 Cpofreimpan | NSzBTeV 1A
arXiv:1303.2985 S o S

CMS Preliminary, 19.4 fb™!, Vs = 8 TeV Single-lepton
Njetze’ szZ

l+jets+

NLO-NLL exclusions
——— E;+H; Observed = 10y,
Er+H; Expected = 104, iment :

= S;"+A¢ Observed = 1 O meory
-------- S'T”+Aq> Expected = 10

o experiment '

— PP —§8,8—tix); mi>>m@)
Expected Limit +1 o exp.
oNLO#NLL 41 5 theory

| CMS, 11.7 fb", /s = 8 TeV

—
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95% C.L. upper limit on cross section (pb)
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95% CL upper limit on o (pb)
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CMS Preliminary \s=8TeV,L_=9.2fb"
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——— Theory uncertainty (NLO)
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+ SS+b dilepton analysis also looks for on-shell production: EZUERSELCEECHEY
arXiv:1212.6194

Model B2 Model A2

P] Pl

T T |
CMS E 8TeVL -105fb1 CMS\E 8TeVL —105fb1

Model B2
m()z ) =50 GeV
Exclusion 6P = GNLONLL + 4

Model A2
Exclusion gP™9 = gNLO*NLL + 1 5

m(;z:’) = 250 GeV

m(x.) = 300 GeV

A\
A
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A\ -
IIl]IIlII IIIIIIIIIIIIIIIIIXIIIIIIII
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+ Summary of current limits on sbottoms and stops from
gluino-induced production

® Pretty much reached the kinematic limit of ~1.3 TeV on gluino
production for large fraction of the parameter space
~ o~ . ~ —_— ~ o~ . ~ n ~0
g-g production, g— bb % g-g production, g— tt %,
lt:IM”SI Hll'élllll‘ll‘lllll'lllall'ly” A :_ Cll\ﬂS Plrelillninalry —I SUS-|12-024(1-Iep(!TI+HT)19|.41b'1_:
\‘IS =8 TeV —— Observed C - — SUS-13-007 1-lep (n.ma 6) 19.4 fb™"
Moriond 2013 =8 TeY
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Direct EW Pair-Production

+ Also look for direct EW pair-production of charginos/neutralinos and
sleptons in multilepton and dileptons final states

+ Set stringent limits on neutralinos for non-degenerate chargino/
neutralino cases

® Drops from ~200 GeV to ~100 GeV in case of heavy sleptons

CMS Preliminary {s=8TeV,L =9.2fb"

B LEP2 slepton limit

" I LEP2 chargino limit

- —pp— %% (1, BF(I*)=0.5)

pp =y % (Tg, BF(IT)=1) ‘
— o pp = Fo 7, (n0T, BFWZ)=1) "
pp =%, %, (1, BF()=1 )
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ls=8TeV,L =9.2fb"
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95% C.L. CLs NLO Exclusions

I B

pp—72 e, i i
mm Observed = 10"

Expecteded = 10

—
o
[\S]

95% CL upper limit on o [fb]

“:\\\\‘\\\\ N H - -
g = -
W e ol baE v b Ly e I

00 200 300 400 500 600 700 — ~ %0 30
m, = 0.5m_. + 0.5m_, m_)Zt = m,i(0 [GeV] m, (GeV]
1 2

1 1

-WMM| P |
—_

o




+ Direct sbottom pair production was looked at in the all-
hadronic ar + b-jets and same-sign dilepton + b-jets channels:

Model B1

[)1 -

T ] T I T I T T I T T T T T T

pp—BB,6—~by; m(§)>>m(6l) - |
Expected Limit +10 exp.

—— oNLONLL 41 o theory

- CMS,11.7f6",Vs=8TeV
g CMS Collaboration
arXiv:1303.2985

T T T 1 T 1T/ T T T T7
- CMS,{s=8TeV,L =10.5fb"
__Model B1

- === Observed Limit ¢"°? = gN.O\LL + 15
[ m(x,) =50 GeV

CMS Collaboration
arXiv:1212.6194

95% CL upper limit on o (pb)
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+ This is the most hopeful, and yet the toughest channel at the LHC
+ Simple reinterpretation of the existing analyses is not sensitive enough

+ Requires a dedicated optimized tour-de-force analysis:

® W-+jets and tt with th and lost leptons (from W(uv)+jets with embedded Tn),
invisible Z decays (from Z(py)), and multijets (reweighted MC with kinematics

and resolutions reweighted to match multijet data) CMS SUS-11-030
® The 8 TeV analysis is ongoing

T .L~ ~ T I T L'
pp ~ 1LY t3; m@>>m@)
Expected Limit +1 o0 exp.

i

CMS Preliminary

Vs=7TeV L=498fb' CMS Preliminary

Vs=7TeV L=4.98fb’

o

95% CL Upper Limit ono (pb)

95% C.L. upper limit on

95% CL Upper Limit ono (pb)
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10
600 700 800 450 500 550 600
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+ This is the most hopeful, and yet the toughest channel at the LHC
+ Simple reinterpretation of the existing analyses is not sensitive enough

+ Requires a dedicated optimized tour-de-force analysis:

® W-+jets and tt with th and lost leptons (from W(uv)+jets with embedded Tn),
invisible Z decays (from Z(py)), and multijets (reweighted MC with kinematics

and resolutions reweighted to match multijet data) CMS SUS-11-030

® The 8 TeV analysis is ongoing

T I T T T T I T T T L) l T T T T

— GNLONLL(F ) + th. unc.
Observed Limit (95% CL)
CMS Collaboration
arXiv:1303.2985
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+ Another important channel for direct stop production is single-lepton channel

® Dedicated optimized multivariate analysis, SusProiminary  l=STewfLat=tesw

cross checked with cut-based analysis =+ Obsarved (+157)

BDT analysis —— Expected (+10)

Main background is from tt to dileptons with Observed (9.7 fb)
a lost lepton or th, followed by W+jets and
semileptonic tt

Backgrounds estimated from MC corrected to
match data in several control regions

o upper limit [pb]

50

® Some dependence on top polarization (~40 GeV) .

[
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Natural SUSY could still be RPV!

Can look for stop decays into top and neutralino, with
neutralino decaying via RPV couplings to two leptons and

neutrino (Aik) or a lepton, bottom, and top quarks (\'223)
Reinterpret multilepton search with b-jets within these scenarios

CMS Preliminary

1s=8TeV, L =1951b"

[ Stop RPV &,,,
- observed 95% CLs Limits

I expected 95% CLs Limits
[ mm expectedtic,

xperimental

- M22

LA LA L N B B B B B B

Theory uncertainty (NLO+NLL)

T T T T

CMS Preliminary
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P R MR B
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L e e e
Stop RPV A,

L
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A233
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Unnatural SUSY

=g+ Yet, SUSY may still be a solution to EWSB, albeit we would have to

give up the first “miracle Only fermions (partners

5 PLIT S US Y of gauge bosons) are

— —~— light, and in many cases

A\ — they can be long-lived
due to mass degeneracy

S'éaxars U n'\f'\ai"\on /

£ason ‘ °°/> a ‘/
E&:;\H\ : TeV CD“k M -“Q(
i 3 No F\a.s\ror,
errionsS MWQL C‘? Wla'!“' {),..
(jﬁ g Feemong pio\o\e—ms

calacs don't
TeV
Wells, hep-ph/0306127

Nima Arkani-Hamed, Arkani-Hamed, Dimopoulos, hep-th/0405159
SavasFest 2012 Giudice, Romanino, hep-ph/0406088
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Tracker Only CMS \F 8 TeV L 18 8 fb1 Tracker + TOF CMS \E 8 TeV L 18 8 fb!
T 3 T T
. Observed = . Observed =

[ A | Data-based SM prediction | ["A | Data-based SM prediction -
[[] Gluino (M = 1000 GeV/c?) [[] Stau (M =308 GeV/c?)

+ An extension of the HSCP
search to full
8 TeV statistics +
7/ TeV reanalysis

Background prediction _
based on the lack of 107
correlation between pT :

—
)

Tracks / 40 GeV/c?
)
)

Tracks / 40 GeV/c?

—
TTTTT T T T TTTT1T
—
T T T TT

spectrum and the mass, as 17 R —— - D S

Mass (GeV/c?) Mass (GeV/c?)

determined from the
lonization

Strong limits on gluinos, % P / :
stops, and staus from the

combination of tracker :
+TOF and tracker-only of Su vt SN N = guino;50%%

—#— gluino; 10%9g; CS E —— gluino; 10%3g
—=— stop E - —=— stop ]

analyses ] % —&— stop; CS E ” E —— stau; dir. prod. 3

—e— stau; dir. prod. ] r —— stau

CMS \I‘ 7TeVL 5.0 fb’ \/’ 8TeVL 188fb CMS \I‘ 7TeVL 5.0 b’ \I‘ 8TeVL 18.8 fb'

— T — — T — ]
Tracker Only _Tracker TOF -

95% CL limit on o/cy,

—e— stau 5 ™ E —+— 1Ql = 2e/3 =

CMS CO||abOI'ation ) L ‘—T—‘|0I|=2e/3‘ y I§ . L ‘—‘o—|IQ|‘=1e o

. 500 1000 1500 500 1000 1500
arXiv:1305.0491 Mass (GeV/c?) Mass (GeV/c2)
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SUSY Grand Summary

Closing in on the “natural” SUSY, but may be just short the reach

Can we either find natural new physics or rule out naturalness as the
guiding light to our quest for the origin of EWSB, dark matter, etc.?

Very important to continue the quest for naturalness in SUSY and

other BSM, which requires to explore the full energy potential of the
LHC

+ What would it take?

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Ppreliminary

Status: LHCP 2013 Juat=a- 2090 5=78Tev Summary of CMS SUSY Results* in SMS framework LHCP 2013

Model e,y Jets ET fmw‘l Mass limit Reference

IS

MSUGRA/CMSSM 26 jets ! AATLAS-CONF-2013-047

MSUGRAICHSSM 4jeis Gy ATLAS-CONF-2012-104 §—qa?®

MSUGRACHSSM 0jes ATLASCONF-2013.054 o a0
7 26jets 740 GeV ATLAS-CONF-2013-047 9-qq%
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GMSB (INLSP) X 24jets s 1208.4688
GMSB (INLSP) - 02jets ATLAS-CONF-2013.026
GGM (bino NLSP) N o 12000753
GGM (wino NLSP) ATLAS-CONF-2012-144
‘GGM (higgsino-bino NLSP) 12111167
‘GGM (iggsino NLSP) ATLAS-CONF-2012-152 X
Gravitno LsP ATLAS-CONF-2012-147 §— a7 = 1v7)

gluino production

ATLASCONF-2012-145 g a9 @~ 27)
ATLAS-CONF-2013-007 F— 97— 7T — W
ATLAS-CONF2013.054 - qali X %)
ATLAS.CONF-2012:145

™) <100 Gov ATLAS-CONF-2013.053
™) =2mG) ATLAS-CONF-2013-007
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f 1208.4305, 12092102

) =i ! mi <cin)| ATLAS
M) =0 GeV. miLyme) = 10 GeV. ATLAS-CONF-2013.048
% i ATLAS

i) =0Gev ATLAS-CONF-2013-037
miz$)=0Gev ATLAS-CONF-2013.024
m)> 150GV ATLAS-CONF-2013.025
i =) + 190 Gev ATLAS-CONF 2013025

T—=b(%* = W
ATLAS CONF 2015045 1B~ W)
ATLAS-CONF-2013-049 T=b(7 = Wx)
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7 1)

ET TSR
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20~ W2 ATLAS-CONF-2013.035

sbottom

<o 12102852

1211.1507
GMSB, stabe. low . st <2 1211.1507
G875+ Glong-ived 77 os<ri<zn 13046310
7 aau (PY) . [ESSra P— 12107451

Diect 737 prod. ong v 7
Stable g, R-hadrons.

54,010, 5,,005 12121272
12121272

ATLAS-CONF-2012-140
ATLAS-CONF-2013.036
M) >80 GoV. >0 ATLAS-CONF-2013-036

CMS Preliminary

For decays with intermediate mass,
m =xm_ . -(1-)m_

EWK gauginos

12104813 o Yntermediate

o - nother
20.1(88) ATLAS-CONF2013-007

slepton

o - incl et rom 111 1210,
WIMP intoracton (05, Dirac 7) o ™) <80 GV, miof <687 GoViorD8 | ATLAS-CONF-2012:147

0

n

- - Tev. 107 *Observed limits, theory uncertainties not included Mass scales [GeV]
tull data Mass scale [TeV] Only a selection of available mass limits

“Only a selection of the available mass limits on new states or phenomena is shown. Al limits quoted are observed minus 1o theoretical signal cross section uncertainty. Probe *up to* the quoted mass limit
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The main 2013-14 LHC consolidations

1695 Openings and Complete reconstruc- Consolidation of the Installation of 5000 300 000 electrical 10170 orbital welding
final reclosures of tion of 1500 of these 10170 13KkA splices, consolidated electrical resistance measure- of stainless steel lines
the interconnections splices installing 27 000 shunts insulation systems ments

at-

Yot 1/ O

L Wrvrm

18 000 electrical Qual- 10170 leak tightness tests 4 quadrupole magnets 15 dipole magnets to be Installation of 612 pres- Consolidation of the
ity Assurance tests to be replaced replaced sure relief devices to 13 KA circuits in the 16
bring the total to 1344 main electrical feed-
boxes
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L. .M LHC Dipole Interconnects

+ Welding, shunting, installation of spacer and shield
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I ‘] LHC Dipole Interconnects

+ Welding, shunting, installation of spacer and shield
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LHC Dipole Interconnects

+ Welding, shunting, installation of spacer and shield
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+ Welding, shunting, installation of spacer and shield
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3| 4|

2| 3|

RECOM | RECOM | RAMP-UP |

RAMP-UP

RAMP-UP

LS2 — Injector upgrade

RECOM 1 2 3 4 5 6 7 IONS

.
RAMP-UP “ULTIMATE” PHYSICS (~2.4 x 1034 cm™s™) mmmm o

RAMP-UP 2| 3| 4 5| 6 7| 3 ons

LS3 — HL-LHC upgrade
Technical stop or shutdown
Proton physics
Ion Physics

Recommissioning
Intensity ramp-up
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® Luminosity *=integrated luminosity

[ T T T T T T T T T T 1000.0
el At Shhhttt At A e G ittt ittt Ry R G ;

PU: 50@25ns
100@50ns "

50ns

1.5E+34

PU: 25@25ns ‘ ]
50@50ns LOE+34 [ - gfiommo oo

Integrated luminosity [fb!]

506433 T--ff----tomrececndecn

Year ending

2013-2022: 300-400/fb by 2022
2023-2033: HL-LHC upgrade with leveling at ~5x1034 cm—=2s-1?

1)
i)
m
()
©
()
()
s
(&
(@]
(8}
C
()
o
1
()
S
)
et
)
L
o
-
C
()
(7))
()
-
o
el
]
©
o
O
I
—
1
(@)}
p -
()
o]
()
©
C
(4}
|
(@)}
()
-
(O]
(=]
o0
(<))
)
(7))



0
L)
m
()
©
0
()
]
(-
(@)
O
c
()
o
1
()
—
>)
-+
>
L
(%}
+
C
()]
n
()
—
(Al
+—
()
Q)
o
(@)
T
-
1
(@)}
Pudd
()
o)
N
©
(-
(V]
I
(@)
()
—
O

Slide 81

+ Time to upgrade to reach L = 10%° cm2s™ (but
run with the luminosity leveling at 5x103* cm=2s7)

By 2022, several machine elements will need to be replaced, including triplets
In addition, the LHC luminosity will saturate by then and doubling time becomes too

long

Detectors will suffer significant radiation

damage

Nom.
25 ns

N, [101] 1.15

0y,

2808

I1[A] 0.56
Oc [urad] 300
B* [m] 0.55
€, [um] 3.75
g [eV s] 2.5

IBS
IBS

hih] 111
[h] 65

Piwinski 0.68
F red.fact. 0.81
b-b/IP[107] 3.1

Lo

Crabbing

Lo

virtual

Pileup L,.,=5L,

Eff1

150 days

(

(

Target
25 ns

2.0

2808

1.02

4

0.15

2.5

2.5

25

21

2.5

0.37

3.9

7.4

yes

20

95
\(L62

50 ns

3.3
1404
0.84
445
0.15
2.0
2.5
17
16
2.5

5
8.4

baseline

Integrated Lu

1.E+35

)

High

Luminosity (cm

w»n 8.E+34

6.E+34

4. E+34

2.E+34

0.E+00

Luminosity

LHC

= Nominal

— -10 ** - no levelling

--- Levellingat 5 1¢ **

time (hours)

HL-LHC run
--300fb-1/y ——250fb-1/y

G

"

N

2023 2025

2027

2029 2031 2033 2035
End of Year




HL-LHC: Detector Upgrades

+ Both ATLAS and CMS are planning major “Phase 2”
upgrades for the HL-LHC era

® Replace components of the detector, which will reach the
end of the life-cycle due to radiation damage
<+ Entire central tracking systems
<+ Forward calorimetry
® Prepare the detectors for much harsher running conditions
at the HL-LHC (up to x5 higher pileup)
+ Redesigned trigger and DAQ
<+ Possibly use of fast timing for pileup mitigation
<+ Level-1 tracking trigger
<+ Improved forward detectors for VBF tagging

® The goal is to achieve the same or better performance as
in Run 1 under the HL-LHC conditions
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From LHC-14 to HL-LHC

These projections were made as a part of the ESPG report,
ATL-PHYS-PUB-2012-004 and CMS Note 2012-006

Also LHCDb report and Heavy-lon reports from the experiments
Will focus on the energy frontier in this talk (apologies to others!)
The projections are g |°<=~©

SRRE
mainly based on o 11 ATLAS Note

I Report number ATL-PHYS-PUB-2012-004
eXt rapo I at lon Of th c Title Physics at a High-Luminosity LHC with ATLAS (Update)
eXIStI ng analyses to Author(s) ATLAS-collaboration, The
the Cond ItlonS Corporate Author(s)  The ATLAS collaboration
eXpeCted u p to Imprint 15 Oct 2012.- 11 p.

Subject category Detectors and Experimental Techniques
the HL-LHC

These studies are
being repeated

Information Discussion (0) Linkbacks

Report number CMS-NOTE-2012-006 ; CERN-CMS-NOTE-2012-006

W|th more real |S't | C Title CMS at the High-Energy Frontier. Contribution to the Update of the European
Strategy for Particle Physics

detector simulation ESRSSITRLNN o Genevs
and Wl” be updated Collaboration CMS Collaboration
this Fall Imprint 24 Oct 2012. - 18 p.

Subject category Detectors and Experimental Techniques




Higgs Signal Strength

+ 15% precision has been already achieved
in the combination ATLAS Preliminary (Simulation)

.. . . - . _ -1, _ -1
+ 10-15% precision per channel is achievable Vs =14TeV:[Ldt=300fb"; fLct=3000 b
fLdt=300 fb™' extrapolated from 7+8 TeV

w/ 300/fb SN

o H—uu

® Effect of theory uncertainties is mostly
important in the H(yy) and H(ZZ) channels
CMS Projection VBRH-1t

I I | I | I I I I I I I I | I 1 I 1 I I 1 H% ZZ
Expected uncertainties on Green: ICHEP 2012 —
— VBF,H— WW

Higgs boson signal strength 1 ' Red: 300/fb @ 14 TeV
Black: same, w/o theory H
CMS Note 2012-006 uncertainties H— WW
VH,H—yy

ttH,H—yy

N

ttH,H—uu

Hovyy

H—Z2Z VBF,H—yy

o - Theory -
=y () — uncerfainty
Ho1tt H—yy g8 band

S BT AT A

H — bb 0O 02 04 0.6 0.8

ATLAS-PHYS-PUB-2012-004 ¥\1!
o




Couplings: Where are we Now?

+ 2013: couplings consistent with the SM within 1o
® Typical uncertainty: 15% (kv) — 40% (kF)
+ Crucial to improve this precision to ~5% level or better

© Many BSM Higgs scenarios predict coupling modification at
that level

CMS Preliminary \s=7TeV,L<5.1fb" \s=8TeV,L<19.6 fb"

AU GO PRS-, o | $ SM Higgs ‘. Fermiophobié o Bkg. only

2_

- ATLAS Prellmlnary

- 1 7
- \s=7TeV,[Ldt= 46481 #H — vy Ecombined
- \s=8TeV,|Ldt= 13207fb1 * x Best Fit

CMS PAS HIG-13-005

| N N T I S N N N A A | IIIIIIAIIIIIIII
0.6 07 08 09 1 11 12 1.3 14 15 1.6

K




+ Projections up to ~300/fb (~2022) are reasonably straightforward

+ Two scenarios considered in CMS:
® Scenario 1: same systematics as in 2012 - pessimistic

® Scenario 2: theory systematics are halved; the rest scale as 1/,/L -
somewhat optimistic

CMS Projection 300 fbo' at ¥ = 14 TeV
5 15— — CMS Projection CMS Note 2012-006

1 1 ] 1 1 T 1 I T 1 T T | T 1 1 T | I T

Expected uncertainties on F— 3so0tat 5= 14 Tev
Higgs boson couplings |— 300fb"at §5= 14 TeV w/ scaled sys. unc.

1.10

1.05

2012 systematics
Y, theory, 1/7L exp.

1.00

0.95

0.90

[III|IIII|IIII|IIII|IIII|III

L . | L L L L | L L . L | L
0.85 0.9 1.0 1.1

Il 1 1 I 1 Il Il 1 I 1 1
0.10 0.15

Cv expected uncertainty
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+ Projections further out are subject of large ATLAS Preliminary (Simulation)

uncertainties /s = 14 TeV: [Ldt=300 fb ' ; [Ldt=3000 b
The exact detector configurations & even the
technology are not quite known yet
The running conditions have not been defined yet

Theoretical progress in the next decade is hard to
gauge
Still, in an optimistic “Scenario 2” the HL-LHC
would allow to do precision Higgs physics with
individual couplings measured up to 1-3% precision

+ Also: searches for exotic/invisible Higgs decay as a
window on new physics

CMS Note 2012-006

Uncertainty (%)
Coupling 300 fb~* - 3000 fb~!
Scenario 1 } Scenario 1
Ky 6.5 : 5.4 "
Ry 5.7 . 4.5 . ol b P 1

Kg 11 : 7.5 : 02 04 06 08
K 15 . 11

Ky 14 . 8.0 . 2A(KX/KY)

~

Kr 8.5 ) 5.4 ) KX/KY

fLdt=300 b extrapolated from 7+8 TeV

1T 1T |||||||||
Pt H

ATLAS-PHYS-PUB-2012-004
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+ Need to go significantly beyond 300 fb™' to study Higgs couplings to
the muons and top quarks
® Muon is the second-generation fermion: are the Higgs couplings flavor-
universal?
<+ Muons offer a possibly unique measurement (charm tagging is hard!)
® Are couplings to the up- and down-type quarks have the same structure?

H— uu ATLAS-PHYS-PUB-2012-004

re 300 ATLAS Preliminary (Simulation)

s =14 TeV
o5 f Ldt=3000 b

T I T T T I T T T I T T T I T T T
ATLAS Preliminary (Simulation)
s =14 TeV

—_Z—
fLdt =3000 b e

- tt — uvX uvX
- WW— uvuv
- 99 = H—uu, m =125 GeV

60 significance

Events / GeV

Events / 0.5 GeV

200¢

lf

-5000 n
100 110 120 130 140 150
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120 130 140 150
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95% CL Limit onu

Need to go significantly beyond 300 fb-! to study Higgs couplings to
the muons and top quarks
® Muon is the second-generation fermion: are the Higgs couplings flavor-

universal?
<+ Muons offer a possibly unique measurement (charm tagging is hard!)

® Are couplings to the up- and down-type quarks have the same structure?

First 8 TeV studies are already under way!
Y Y ttH(yy)

CMS Preliminary ¥s=8 TeV L=19.6 fb"
| -l' I I T TT T TT

— Observed

- Expected + 1o

Expected + 26

CMS PAS HIG-13-015

—— Observed
---- Bkg. Expected

e f Ldt=20.7 fb”
W20 Vs = 8 TeV

ATLAS-CONF-2013-010

TT T [T 1T

I I Y Y I |

T T 11

o(H=> v 7)o /oH=>717)g,
T

IIIIII

1 1 F'|-r-l-|'-I-T-I-1-r'l-r-|-|'-I-*-I-1-r1‘}1-r-l-"-F1-r'|-r4-r-l-'-l-'|-r1-r1-| 1 1
110 115 120 125 130 135 140 145 150 | - L1l 111 1111 1111 | I | I | I .
?10 115 120 125 130 135 140 145 150
my, [GeV] m,, (GeV)




VV Scattering & Higgs Self-Coupling

+ Higgs self-coupling measurement is an ultimate challenge for the LHC, and
3/ab are crucial given small cross section for HH production

®© gisonly 33 fob @ 14 TeV

+ Another important case for LH-LHC is unitarization of VV scattering and
searches for additional particles that may change the unitarization behavior

® This is done via obtaining limits on anomalous quartic couplings a4 and as

T T T T T T T T T T T T T T T T T T T T T T

j L dt = 3000fb™ --+-- Expected limit
I Expected t 1o
ATLAS Preliminary Expected+ 20

(Simulation)

ATLAS Preliminary (Simulation) __ HH—bbyy

[0 tiH,Hoyy

I Z(-0b)H(->vy)
I i

7 (Hoyy)bb

| P

4

1T
L Ll

J-Ldt=3000 fb”

Events / 20 GeV

VW WW — e
\s = 14 TeV

I llllllll T llllIlII
1 llllllll 1 llllllll

PRI S NN T T NS NS 11 | I
LI IIIIIII

1 llllllll 1 llllllll

ATLAS-PHYS-PUB-2013-001

ATLAS-PHYS-PUB-2012-005
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VV Scattering & Higgs Self-Coupling

+ Higgs self-coupling measurement is an ultimate challenge for the LHC, and
3/ab are crucial given small cross section for HH production

®© gisonly 33 fob @ 14 TeV

+ Another important case for LH-LHC is unitarization of VV scattering and
searches for additional particles that may change the unitarization behavior

® This is done via obtaining limits on anomalous quartic couplings a4 and as

T T T T T T T T T T T T T T T T T T T T T T

j L dt = 3000fb™ --+-- Expected limit
I Expected t 1o
ATLAS Preliminary Expected+ 20

(Simulation)

ATLAS Preliminary (Simulation) __ HH—bbyy
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VV Scattering & Higgs Self-Coupling

+ Higgs self-coupling measurement is an ultimate challenge for the LHC, and
3/ab are crucial given small cross section for HH production

®© gisonly 33 fob @ 14 TeV

+ Another important case for LH-LHC is unitarization of VV scattering and
searches for additional particles that may change the unitarization behavior

® This is done via obtaining limits on anomalous quartic couplings a4 and as
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J L dt = 3000fb™ --+-- Expected limit
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Strong Case for the HL-LHC

4+ There are unigue measurements, which require to go far
beyond 300 fb':

@ Establishing H(uu) decay at >50 significance and measurement
of the Huu coupling to ~15% level
@ Measurement of the Higgs self-coupling

® Observing how the VV scattering amplitudes unitarize in the
presence of the Higgs boson

4+ Higgs is not the only case for the HL-LHC

@ Finding massive new physics or ruling out broad class of
“natural” new physics model and demonstrating that SM is fine
tuned

® Answering the major question if we have entered the “desert” and
there are no new weakly or strongly interacting states below a few
TeV

@ Probing higher energy scales via precision measurements
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If we find new physics (e.g., SUSY) at the T T
LHC-14, we will need to measure masses S ———
and decay rates precisely to shed light on: o T 1.y =20 Gy 2t o]
® Gaugino mass unification W
Squark/slepton unification
SUSY flavor and CP violation
Baryogenesis
Neutrinos and leptogenesis
String compactification

-1 tﬂ? (m_>>my): 1-lepton (e, + jets
x 1

400 500 600 700 800 900 1000 1100 1200
m (GeV]

ATLAS-PHYS-PUB-2012-002

+ If Sl.J“SY is not found at the LHC-14, how far should we push?

® Important to test naturalness to the CMS Note 2012-006

limit
® Need to go up to ~1 TeV for stops EWKino
and sbottoms Stops/sbottoms B HE-LHC33
® Also target chargino-neutralino pair = HL-LHC14
production up to high masses Squarks/gluinos “LHC14
<+ The latter is not possible at any 0 1, )
5 6

of the foreseen e*e™ colliders
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If we find new physics (e.g., SUSY) at the
LHC-14, we will need to measure masses

® Gaugino mass unification
Squark/slepton unification
SUSY flavor and CP violation
Baryogenesis
Neutrinos and leptogenesis
String compactification

*

® Important to test naturalness to the
limit

® Need to go up to ~1 TeV for stops
and sbottoms

® Also target chargino-neutralino pair
production up to high masses

<+ The latter is not possible at any
of the foreseen ete™ colliders
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and decay rates precisely to shed light on:

ATLAS-PHYS-PUB-2012-002

ATLAS Preliminary (Simulation),Ns=14 TeV

w3000 fo" discovery reach
#1300 fb" exclusion 95% C.L.
— 300 fb discovery reach =1, —>b+x (rrL m. = 20 GeV): 2-lepton (ew)

I T~ Hﬁ? (m? > m(‘):\fs=7 TeV, 471"

-t —>t+x (m >> rry) 1-lepton (e,u) + jets

\
X%/ A“\\

400 500 600 700 800 900 1000 1100 1200

m (GeV]

- ATLAS Prellmmary (snmulatlon)

C Vs=14TeV

: """ 3000 fb™', 95% exclusion limit

[~ === 3000 fb™!, 50 discovery reach
300 fb™', 95% exclusion limit

—— 300 fb™', 50 discovery reach
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The LHC is the most successful and amazing particle
accelerator built so far

The first three years of spectacular performance of the
machine and the detectors brought in the first major discovery
and a whole new program of precision measurements and
searches

The LHC is taking a short break till 2015 to come back at the
~13 TeV energy to explore the Terascale with a full potential

Running beyond 2022 with much x10 higher integrated
luminosity (HL-LHC) will be needed for detailed studies of the
Higgs sector and any new physics to be found beforehand

The LHC is a very young machine, and it has a 20+ year long
exciting program ahead, which is what we need to fully
explore the properties and the consequences of the new
particle the LHC has delivered so far!
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