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Introduction

» There are many interesting results produced by LHC
experiments

? It’s unrealistic to show them all

> I'll concentrate on a few topics that are interesting
from my point of view

> Latest Moriond experimental summary talks:

> Pierluigi Campana (Frascatti)

b http://moriond.in2p3.fr/QCD/20 | 4/Saturday/Campana.pdf

» Kevin Einsweiler (Lawrence Berkeley Lab)

b https://indico.in2p3.fr/getFile.py/access!contribld=227&sessionld=| &resld=| &materialld=slides&confld=91 16
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Overview

» Runl overview and Run2 projections
» Standard Model

> Higgs boson is discovered - SM is complete

>  In depth: Higgs width measurement

» SM Properties
> Physics beyond the Standard Model

» Direct searches for SUSY and Exotic models

» Indirect searches by exploring vector boson scattering

»  Vacuum stability and top mass
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LHC Run |

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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Run 2:2015-2017

Scheme Number | Protons | fy[cm]/B;|cm]/ | Emittance Peak lile-up | Int.
of per bunch | half crossing [pm]| luminosity lumi
bunches [101] angle [urad] fh-1
25 ns 2760 1.15 55/43/189 3.75 9.3e33 25 24
25 ns BCMS 2520 1.15 45/43/149 1.9 1.7e34 52 45
50 ns 1380 1.6 42/43/136 2.3 1.6e34 87 40
level to | level to
0.8e34 44
50 ns BCMS | 1260 1.6 38/43/115 1.6 2.3e34 138 40
level to | level to
0.8e34 44

LS 1 from 16th Feb. 2013 to Dec. 2014
»  Target Integrated lumi: 100/fb

5t March

20{s | 2015 »  Pileup is a real concern
Alm ] s]a[s[olnTo]J]FImIA

?  Jet and MET resolution degrades

4 Event reconstruction issues

> Triggers for Higgs and lighter object

|beam to beam ] iS a Cha”enge

lavailable for works ), s
B Physics B Shutdown
Beam commissioning B Powering tests
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Riggs Discovery



Events /1.5 GeV

S/(S+B) Weighted

European Physical Society
PRIZE

ATLAS

201112

The 2013 High Energy and Particle Physics Prize

for an outstanding contribution to High Energy Physics

is awarded to the

ATLAS and CMS collaborations

“for the discovery of a Higgs boson, as predicted by the Brout-Englert-Higgs mechanism”

and to

, —‘”"'“/”‘“.. B et S - 10 Michel Della Negra, Peter Jenni, and Tejinder Virdee

200 300 400 5[%0 VI “for their pioneering and outstanding leadership réles in the making of the ATLAS and CMS experiments”
m, [Ge

John Dudley Paris Sphicas
President Chairman
European Physical Society High Energy and Particle Physics Division

Stockholm, Sweden, July 2013
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Signal is Solid

CMS V\s=7TeV,L=5.1fb";Vs=8TeV,L=19.7 fb"
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H—ZZ—4l - golden channel

ATLAS : pzz(mp = 125.5) = 1.44%73)
CMS : pizz(my = 125.6) = 0.9310-2

ATLAS : 6.60(4.40expected)
CMS : 6.80(6.70expected)

ATLAS

H—-ZZ*—4|
\s=7TeV |Ldt=46fb"
Is=8TeV |Ldt=20.7fb"

PLB 726 (2013), 88-119
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Higgs to VV

: — o(stat.) . |
ATLAS Prelim. —o{gine Total uncertainty \s=7TeV,L<5.1fb"' \s=8TeV,L<19.6 b’
eo
H_>YY iy —t H E
+0.33 | o1 } —— —>YY -
R £ D D T = w=0.77+0.27 §
H— ZZ* - 4l I ; 5
+0.40 |- 013 : L :
l“L=1'4470.35i8113 ||'—'|—' H—- WW +
. 3 — u=0.68+0.20 ;
H—-> WW* - Iviv o : :
+0.32 |-0.19 : [
H = 100 +0.16 . '
-0.29 (- o0.08 T T '__' | H N ZZ ’
Combined o : . . -
H-yy, ZZ*, WW* w021 738 R n=0.92x0.28 :
u - 1-35_020 g:? I I i |__|I L1 1 1 I 11 1 1 i 11 L1 I | I | 1 I | I | 1
— e 0 0.5 1 1.5 2 2.5
s=7Tev Lat=4648n" 0.0 0 05 1 15 2 Best fit ()'/0'SM

\s=8TeV [Ldt=20.3 b Signal strength (u)

» Main decay channels: ZZ,WWV, Yy

> Signal present in all of them - consistent with SM
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Fermionic decay channels

19.03.14
obs(exp) = <::|v!s,l4.s? n?d a|t7IT¢';V;é1-9.7 fb at ; Tj:’(mmmiu _
(] L ut , et,, T, eu —— Data - background
BT * (O] I~ h o [ Bkg. uncertainty
Yoo =027 0.360'(1.64) Q s 4 T
. %;: 2000 |- ’ i
E -20f
W _ . 405 5 o R
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! -0.4 = L 22 SMH(125 GeV)>tt
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l’l’ | +0.27 H 3 102 é_ Y o \\'/./( — el _é 30
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m = e E ]
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‘ -0.24 e | 1 1
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*p,=0.36(0.05) Signal strength m, [GeV]

»  H—TT more than 50 significance if combine ATLAS and CMS

»  First hints of H—bb - need more data
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CMS ttH

« CMS has performed a search in ttbar+H; H -> yy, bb,
T,.Th, leptonic (21 SS, 31, 41), and combined

* Resultis limit of u = 4.3 (expected 2.9) 95% CL. Best
fitvalueis n=2.5+1.1 - 1.0 (excess all in 2| SS).

CMS Preliminary s=7TeV,L=50f";ys=8TeV,L=1951b"

i s §8% Expected = 10
--- Expected = 20
- --- Expected (sig. inj.)
bb -=- Observed Internal consistency for

Hadronic Tt common value is 22%.

4|

P-value forp =1is 1.60
3l

Same-Sign 2| Note: ttbarH increases

by almost 5 for
Run2 @ 13 TeV

Combination

10
95% CL limit on o/og,, at m,, = 125.7 GeV
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ATLAS ttH

 ATLAS has performed a search in ttbar+H; H -> vyy.

Observed limit of p = 4.7 (5.4 expected). Leptonic (2I, 3,
41, tt) modes in progress

 New analysis in ttbar+H; H -> bb. Result is limit of p =
4.1 (expected 2.6) 95% CL. Best fit valueisu =1.7 +/-1.4

ATLAS Preliminary Y5=8 Tev,jl_ dt=20.3 b ATLAS Preliminary {5=8 Tev, JL dt=20.3 fo”’
Ll 1 ] I I 1 1 | l 1 L] [ Ll 1 Ll | ] ] |l Ll l I 1 1 ] Ll 1 I [ 1 I | Ll Ll Ll [ 1
| —tot _
Dilepton = —
stat (tot) (stat)
Dilepton |— P — 29+£23 ( 14 ) —
Lepton+jets —
B Expecteds o Lepton+jets |- i m— 13+16 {(08) —
------ Expected+ 2¢
Combination Observed — o
...... Expected { p=1) Combination — | e i | 17 +14 ( 07 ) —
1 1 1 1 l 1 1 1 l 1 1 1 1 l 1 1 I L 1 1 l 1 1 1 l 1 1 1 I 1 1 1 l 1
6 8 10 12 0 2 4 6 8 10
95% CL limit on ofo,, & m,=125 GeV best fit p=c/g,,, for m,=125 GeV
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Riggs Properties



Riggs Widths

N. Kauer and G. Passarino, JHEP 08 (2012) 116

10000 gg — H — ZZ — lvgmy, Mg=125GeV 13
" pp, /5 = 8TeV — |H|? 2 |’ 2 :
. H P+ fcon? | & G99t 22
| — H+cont| o X
. <€ —— Hoffshell On_peak P
- ---- Hzwa ] H

2 2
Ooff —peak X YgqHIHZZ

>  Direct limit on Higgs width:
> 34GeV @ 95%C.L

»  About 7.6% of total cross-section
in the ZZ final state, but can be
enhanced by experimental cuts

TO’[-[ p])] A[ZZ > 2 J[Z[pb]
gg — H — all 19.146 0.1525
gg — H — ZZ | 0.5462 0.0416

April 7,2014 LHC Run| Results - Dmytro Kovalskyi |4 I



Analysis Strategy

CMS preliminary Ys=8TeV,L=19.7fb"! CMS preliminary fs=8TeV,L=19.7fb"
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»  On-peak cross-section - Standard Higgs analysis

»  Off-peak component predicts a broad excess at larger mass

P ZZ has best sensitivity in this region

»  Closer to the peak backgrounds are getting larger and more complex to
measure a broad excess

»  Dominant background is qq—ZZ

April 7,2014 LHC Run| Results - Dmytro Kovalskyi |5 I



Channels and Methods

Signal Enhanced Background Enhanced

CMS preliminary Ys=8TeV,L=19.7fb* CMS preliminary Ys=8TeV,L=19.7fb* CMS preliminary Ys=8TeV,L=19.7fb"*
.E _III|IIIIIIIIIIIIIIIIIIIIIIIIL .E :IIIIIIIIIIIIIIllllllllllllll: >24:—IIIIIIIIIII III]IIIlI—:
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» H—ZZ—4 2 uses special discriminator:

»  MELA (matrix element with mZ1, mZ2 and 5 angles)

> H—ZZ—-242V

April 7,2014 LHC Run| Results - Dmytro Kovalskyi 16 I



Results

CMS Preliminary

Ys=8TeV,L=19.7 fb

CMS Preliminary

Vys=8TeV,L=19.7 fb’

CMS Preliminary

_12 _12 12
£ H— ZZ—> 4l £ r H— ZZ— 2i2v = T
J F — observed S8 [ — Observed JF ‘
' | - Expectedp=p__ D Expectedpu=n P
10— ... Expected p=1o 10— ... Expected p=1 10—
| W 68% CL [ W e8%CL i
: 95% CL : 9% CL - S Ho 22 a212
T 8 8- i &= Observed
i i i ..... Expected p=p_
i B N ----- Expected p=1
6| o o S mlesnct
§ - - 95% CL
4= — e - 4= ———— _ ————————— 4=— —_ ———————————
s HoZZ—44 L/ / H-ZZ-242v A Combined
[ - —— ———— —— ——— -~ —_ ——————————————— L ——
0_ L-'f“‘l I | | | | I I | I 11 1 I L1 1 1 I 11 1 | O_J l-‘ﬁoofcl I T | I T | | I | | | I I | I | - O_J_-Pr;l.»l | | I I | I | I | | | I | I 11 1 | | | I
0 5 10 15 20 25 _ 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
/T, [T, [T,
4/ 202v | Combined
Expected 95% CL limit, r 11.5 10.7 8.5
Observed 95% CL limit, r 6.6 6.4 4.2
Observed 95% CL limit, 'y (MeV) | 27.4 26.6 17.4
Observed best fit, r 0.5 J_“%g 0.2 fg% 0.3 f(l)g
: +9.6 +9.1 +6.1
Observed best fit, I'yy( MeV) 20755 | 0.8 T5g 1473,
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Riggs Mass

E - ATLAS Combined (stat+sys)
Y [ 1s=7TeV|Ldt=46-48f" - Combined (stat only)
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»  ATLAS measures somewhat different mass in H*ZZ—4 4 vs H—yy

P The difference is not statistically significant

»  Both ATLAS and CMS combined results are fully consistent

April 7,2014
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Relative Cross-section

Mbb

Combined fit
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MZZ
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- +0.32
l./t — 1 -00-0.29
_ 4 At05

W= 1'4-0.4

_n nt0.7
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Couplings

1 9031 4 Higgs Couplings, Moriond 2014, Eilam Gross |

Myz [~ hz=094755  ATLAS 'j _______________

My [ [0.73-1.0} CMS
KF—xe=0990%  ATLAS s N
Kg = 10.71-1.11] CMS —-
Kvixy=1155 ATLAS | aa SRR
Ky | [0.81-0.97] CMS -

My [ gy =086 ATLAS -
Kg—xg=10853 ATLAS bod
Kg I 10.73-0.94] CMS —i
Ky ex=ta9gy aTLAS | =
Ky — [0.79-1.14] CMS —_

Mgy [~ 1078115 ATLAS _

&:dtl — [1.0-1.6] CMS =

q [ 109915 ATLAS J—‘_—'| ______
7\|q — [0.89-1.62] CMS

By, —Bu0ss ATLAS  —
Buu_..yﬁoiﬁ‘,‘...|...CM$....?TI—.|... T

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
Coupling scale factor
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fs=7TeV,L=5.1f";Ys=8TeV, L=19.7 i’

—-®- CMS data - - - Median expected
Mo+ 10 S -
0"+ 20 M) -2
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- . . . . . . . . . .

arxiv:1312.5353

0 0;, T 1

P2 O M A A A
any any qg—X any qG—X any gg—X qg—X any gg—X gg—X gg—X

ATLAS (combination)

H- vy e Data
\s=8TeV [Ldt=20.7fb"

H—Z7" — 4l
\s=7TeV [Ldt=46fb"
\s=8TeV [Ldt=20.7fb"

v CL, expected
assuming J" =07
0+1o

H - WW* — evuv/pvev
\s=8TeV [Ldt=20.7 fb"

| PLB 726 (2013),120-144

JP=0" JP=1" JP-1

» Results are consistent with CP even SM Higgs
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La Combinaison

...not just yet..... but it's coming...

2011 /s =7 TeV ‘ new
H = vy _ ATLAS-CONF-2014-009 2012 /5 =8 TeV
: 14 categories: {pm @ 1, ® conversion} &
o227 4 H=yy - (loose, tight 2-jet VBF)} & {(-tag, E™-tag, 2-jet VH]) s
H— WW vty __ THS 77 4t (de, 221, 22e, 41, 2-jet VBF, (-tag) 20.3
Z-ov E HS WWO | Gvly (ee. e, e, ) ® (O-jet, 1-jet, 2-jet VBF) 203
VA= Vbb | W=y ’,’,; - Z—oww  EPSc (120~ 160, 160 - 200,> 200 GeV] ® (2-jet, 3jet] 20,3
Z U 1€ VHo Vb | Wo iy p¥e 1<90. 90-120, 120-160, 160-200, 2200 GeV} ® {2-jet. 3-jet} 20.3
N — Z - (6 pt e (<90,90-120, 120-160, 160-200, >200 GeV} & {2-jet, 3-jet} 20.3
TiepTlep {ee, eu, pu) ® {boosted, 2-jet VBF} 20.3
H - 7 Tlep Thad {e, u} @ {boosted, 2-jet VBF} 20.3
CMS PAS HIG-13-005 Thad Thad {boosted, 2-jet VBF} 203
Analvyses NO. C mm: _)
H decay Prod. tag | Exclusive final states channels nesoluhon 7TeV  8TeV
untagged | 77 (4 diphoton classes) 4+4 1-2% 5.1 19.6
7Y VBF-tag | 77+ (jj)ver (two dijet classes for 8 TeV) 1+2 <1.5% 5.1 19.6
VH-tag | vy + (e, 4, MET) 3 <1.5% 19.6
7z 4t | Net<2 | ge, ap, 22y Y3 2% 51 196
N >2 | o7 3+3 '
0/1-jets | (DF or SF dileptons) x (0 or 1 jets) 4+4 20% 49 19.5
WW — fvlv | VBF-tag | fvfv + (jj)ygr (DF or SF dileptons for 8 TeV) 1+2 20% 49 121
WH-tag | 3£3v (same-sign SF and otherwise) 2+2 49 195
0/1-jet | (ewy, uty, ey, pp)x (low or high pr) 16 + 16
et | 7, 1+1 15% 49 196
TT VBF-tag | (em;, puth, ep, uu, mvmy) + (jj)ver 5+5
ZH-tag | (ee, upu) x (hm, emy, puth, ep) 8+8 50 195
WH-tag ThUH, THE M, €THTh, HTh Th 4+4 ’ ’
VH-tag | (vv, ee, uu, ev, uv with 2 b-jets) x (low or high pr(V) or loose b-tag) | 10 + 13 10% 50 121
bb HH-ta (f with 4,5 or >6 jets) x (3 or >4 b-tags); 6+6 5.0 51
& | (¢ with6 jets with 2.tl>,-ta§s! (43 wnth 2or >3 b—ta§§:ed jets) 3+3 ' '



SM Properties



SM Cross Sections

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

Feb 2014 CMS Preliminary

'8_ ; ¢ 7 TeV CMS measurement (L < 5.0 fb™) ;
IEI 1 05 =——o—'°‘ ¢ 8 TeV CMS measurement (L < 19.6 fb™) —
= SNPC I R L — 7 TeV Theory prediction =
- — ot o : : : : ]
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3 L L S A S S
) 10 = . - o A =
2 — —r— o - i S A -
2 el —= SO N I
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Diboson Cross-section

Mar 2014
| | | | I | | | | I | | |
7 TeV CMS measurement (exp+th) ——0—"—
CMS measurement
8 TeV CMS measurement (exp+th) ——®——
YY | | | | 1.04 +0.11+0.09 5.0fb"
Wy — — 116 +0.13+0.06 5.0fb"
Zy — 0.98+0.05+0.05 5.0fb"
WW+WZ - o 1.05+0.20+0.03 49fb!
WW — — 1.11+0.11+0.04 4.9fb"
WW = = — 122+0.12+0.04 35fb"
WZ = ] 1.17 £+0.10+0.03 4.9fb"
WZ — e 1.12+0.08+0.05 196fb"
77 — o - 0.99+0.15+0.06 4.9fb"
77 — * — 1.00+0.10+0.08 196 fb"
| | | | l | | | | | | | | |
0.5 1 1.5 2

Production Cross Section Ratio: Cexp ! Oiheg

April 7,2014 LHC Run| Results - Dmytro Kovalskyi 25 I



QCD (Z+jets)

@ Discrepancies in basic jet (® Tension with data is less marked in
distributions observed in CMS ATLAS result due to higher order
result when comparing SHERPA2  calculation in SHERPA+BIackHat

CMS Preliminary 4| =%~ Data = 10° T T - T
= 402 Vs=7TeVLl, =49 | & Sherpa2 (0,1]@NLO =4j@LO +PS) 8 ATLAS Zhy*(-» IT)sjets (=)
2 E o Z=a=— Powheg+Pythia6 (Z+1j@NLO +PS) = 10° Ldt=46M" “®~ Data 2011 (s =7 Te

o = - ~—#— MadGraph+Pythia6 (s4j@LO +PS) = tL. etk jets, R=04 —=— ALPGEN

ol © i + ' —&— SHERPA

E 1\? 10 —_— , = ; P’ >30 GeV, ly*'I < 4.4 MC@NLO

) - E T 1 ~¥— BLackHAT + SHERPA

S n ==g==  SMP-12-017 1 0

| U3 E 3 == JHEP07(2013)032

8 - === - 5 10 ——

LL) = - . ]

«© 1 -3 1

p 10 E i ririin E o e

2 2 ;u;\ttlk (R= oae.gets R 10" ——

‘T S P >30GeV, il <2.4 . '

8 10% 3 Z}y -l channel = 102 ===

g - - Sherpa2 (0, 1]@NLOs4j@LO +PS) ] 10°

@) g 1.5 — = | 1 | l | 1 i =
S = rrrs s ki hikhl L 1.4F ] ¥ J ' ' ' -
g e e =¥ BuackHar + SHERPA
2 = DN - S ity Ctte A Q Li_ , /L b
= = < YIIILIS

0.5 - Theory unc. (gen) [[) Statistical unc. (gen) - 9 0.8
o — Powheg+Pythia6 (Z+1]@NLO +PS) = Z 06
w 1.5 — '
= - _ _ N © 1.4
Z‘ 1 ANy VSR TITE (L [\ 1 .2
8 - Y Ay L. Ty : D 1
£ osE = O
0.5 - Theory unc. (gen) [ Statistical unc. (gon) - s gg
C MadG @LO +PS ' N '
§ 15F Ma raph+Py‘th|aS (=4j@LO +PS) = o 1; -
S E » ; s 1.
g 1 . ’ e T - A . e 1
. Q 08
0.5 :_ [ Statistical unc. (gen) = 0.6

=1 =2 =3 =4 =5 =6
Inclusive jet multiplicity ~ Lindsey Gray, FNAL
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QCD (WHjets)

® Compare with SHERPAI .4 (+ BlackHat), e Comparison with SHERPAI.3 (+ BlackHa

MadGraph5 (normalized to FEWZ) ALPGEN
e CTIO for SHERPA ° COZSTEQ6.6M for SHERPA
- - -1 | 7#>~ Data 1 N L LN BB RN BLELEL LN BLELEL L NLEL LR B
f§_I7TeV. 5!11_5’0, i —o&— BlackHat+Sherpa (NLO) % 1 W-lv + jets
% ==g== Sherpa (LO+PS) O] 10 f Ldt=36 pb © Data 2010,Vs=7 TeV
O 10 - gsEe= MadGraph+Pythia (LO+PS) .8_ 108® w ¥ ALPGEN
o) —r & Y AT A\ SHERPA
e 1 %, SMP-12-023 CMSPreliminary 'g & _gf BLACKHAT-SHERPA
g 10 he i D o —w— _ATLAS
3 102 Ve New! 3 SRS R S
10 [ | E 10-2 '_g_'
3 . E & Jets, x192 —E—
e e 3 10%fy" S X
104 anttl-kT (R= o.s)tJetsLeading jet kinematic 10 *2djots, 4105 ——
e € = '
F Pr>80GeV, M”24  reach doubled! 7 2 g as S
107 " W—pv channel E 105 ¥ —?—'
15; e ——— 106 anti-k; jets, R=0.4
s 15 = H >80 GeV, ly*'Il<4.4
z S E ® 15 W+z1jet —
0.5~ Biackhat+Sherpa (= 4 jets NLO, with PDF and Ren./Fac. Scale Unc.J o I -
- = Z" - h 4 __ 1
g 15F b= .}. - 8 1 X i A I + * L I 5
S T Z 2 :
5 gz ///7//%///////////////////2 F o5 | | | .
0.5 == sherpa (LO+PS), Normalized to 0, = *g 1.5F W+ =2 jets 1
g 1.5;— D‘H:DJ—D——D_"_U_‘ o = % 1 *_ + I + ¢ * Y ‘
o ' @ .
5 1%%////»%%///%////////////////% g Paaas a0 4 L]
0.5 Madgraph (LO+PS), Normalized 10 0,0 r 0.5F | . . : . ——a
e e 50 100 150 200 250 300
Leading Jet p_[GeV] Lindsey Gray, FNAL First Jet p_[GeV]
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Physics Beyond
Standard Model
(direct searches)



ATLAS SUSY Limits

Squarks/gluinos are > O(1 TeV), Stop/sbottom > O(300-600 GeV)

ATLAS SUSY Searches™* - 95% CL Lower Limits ATLAS Preliminary

=} = ISV 901 h
Status: SUSY 2013 JL£dt =(46-229)fb' +5=7,8TeV
miss . -
Model e u. 7.y Jets ET™ [raym) Mass limit Reference
r—r—r—r—y v T v WA R TR v v . — 1
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 a8 1.7 TeV m@ymig) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1eu 3-6 jets Yes 203 g 1.2 ToV any m(G) ATLAS-CONF-2013-062
MSUGRA/CMSSM ] 7-10 jots  Yes 20.3 1 3 1.1 TeV any m(§) 1308.1841
aa. 6—~qt-? 0 2:6 jotis Yes 203 a 740 GeV m(i7)«0 GeVv ATLAS-CONF-2013-047
Bk & _..qqi‘,’ 0 26jets  Yes 20.3 [ 1.3 Tev m(F§)=0 Gev ATLAS-CONF-2013-047
BE.BqqV] —qqW* r? 1en 3-6 jets Yes 20.3 e 1.18 Tev m(F])<200 GeV, m(¥ )0 8(m(¥] j+m(#)) ATLAS CONF -2013.062
BE. B—qq(le]tvw)ky ey 0-3 jots - 20.3 [ 1.12 TeV m(¥])=0GoV ATLAS-CONF-20123-089
GMSB (?NLSP) 2e.u 24 jots Yosu 4.7 tang<15 1208, 4688
GMSB (¢ NLSP) 1-2r 0-2 jets Yos 20.7 I3 1.4 TeV targ >18 ATLAS-CONF-2013-026
GGM (bino NLSP) 2y . Yos 4.8 m(¥})>50 GeVv 1209.0753
GGM (wino NLSP) Te sy - Yos 4.8 mits )50 Gev ATLAS.CONF-2012-144
GGM (higgsino-bino NLSP) y 1b Yos 4.8 mil})>220 GeV 12111167
GGM (higgsino NLSP) 2e.u(2) 0-3 jots Yos 58 miH)»200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet Yes 10.5 mig)> |o 5 ov ATLAS CONF-2012-147
E—bbiS 0 3b Yos 20.1 & 1.2 TeV miiy)< oooow ATLAS CONF-2013-061
g».ciib 0 710 jots  Yes 203 1] 1.1 Tev m(ty) <350 GeV 1308, 1841
Btk O-1epu 3b Yes 201 ® 1.34 TeV mi¥)) <400 GeV ATLAS-CONF-2013-061
Eobivy Otlep 3b Yos 20.1 & 1.3 Tev mity) <300 Gov ATLAS - CONF-2013-061
biby, by—bi] 0 2b Yes 201 |6, 100-620 GeV m(i)<90 Gev 1308.2631
by by, by V] 2e0,.u(SS) 03b Yeos 20.7 by 275-430 GaV miF] ez miiY) ATLAS-CONF-2013-007
£ B (light), ¥y bl 1-2e.p 1206 Yeos 4.7 t 11oEroew m(E7)=58 GoVv 1208 43085, 1200 2102
6 Ei(light), # .WM% : e 0?2 jots Yeos 203 :. 130-220 GeoV — m(ty) =m(E )-m(W)-50 GeV, m(i)<<mii|) | ATLAS.CONF.2013.048
£y i (medium), 1. 't e jots Yos 20.3 ' 225.525 m(t )«0 GeVv ATLAS.CONF-2013.065
i fy(medium), £y —» x. 0 2b Yos 20.1 8 150-580 GeV Mt )<200 GoV, m(t] )-mit))=5GeV 1308 2631
BT (hoavy). § stk 1eun 16 Yes 207 G 200-610 GeV m(t])=0 GeVv ATLAS-CONF-2013-037
[3Y; a,(no.-.vy) ?. vely 0 2b Yos 20.5 i 320-660 GeV m(¥y)«0 GeV ATLAS-CONF-2013-024
tt, H—ehy 0 mono-jet/c-1ag Yes 20.3 t 90-200 GeV mif ) mii]) <85 Gav ATLAS.CONF-2013.068
£ 1 (natural GMSB) 2e.u(2) 1 b Yos 20.7 L 500 GeV mits) =150 GeV ATLAS-CONF-2013-02%
Gh,. bh—h + Z 3e.ul2) 1b Yos 20.7 t 271-520 GeV i, JemiE] )+ 180 GeV ATLAS-CONF-2013-025
bowlin, 7 ety 2e.p 0 Yos 20.3 i 85-315 GeV m(¥y)=0 GeV ATLAS CONF-2013-049
Ey 0 K —lv(t9) 2epu 0 Yos 203 0 125-450 GeV m(P3)=0 GaV, m(Z, #)=0.5(m(¥] )emii)) ATLAS-CONF-2013-049
¥y f«i h ‘f ~Py(r?) 2r - Yos 207 ;L 180-330 GeV " n_vl(’i,)-o_giov, m(?, ¥)=0 5(m<§:;.m((‘,,n ATLAS CONF 2013028
Yy Lvl&((w) vl e (Vv) Jeu 0 Yos 20.7 5 600 GeV M Jem(F5), m(EY )0, m(7, 7)e0 S(mik§ Jomity)) ATLAS CONF-2013-035
¥ .'3 Wil Zi iy Sen 0 Yos 20.7 R‘.Gl 315 GeV miE; Jem(£2), miF )0, sloplons cecoupled ATLAS-CONF-2013-035
YiAS »wWiihil 1epn 2b k& ,9! mF] em(F3), m(i7)=0, sleptons cecoupled | ATLAS.CONF-2013-093
Direct ¥4 ¥ prod., long-lived ¥{ Disapp. trk 1 jet ' mT )-miFs) =160 MoV, r(F]) =02 ns ATLAS-CONF -2013-069
Stable, stopped § R nadron 0 1-5 jots M5 )« 100 GoV, 10 us<r(f)<1000 s ATLAS CONF -2013-067
GMSB, stable ¥, P —7(a, A)gr(e.p) 1 2u . 10<tang«<50 ATLAS-CONF-2013-058
GMSB, ¥1 —+yG, long-lived ¥ O4<r(f)<2ns 1304.6310
44, ¥\ —qqu (RPV) 15, dm)l vix 1.5 <cr<156 mm. BR(u)«1. M )«108 GaV | ATLAS-CONF-2013-002
LFV pp—¥, + X, P,—~e | u 2e.u 154, ~0.10, 4;4»~0.05 12121272
LFV pp—s?, + X, P so(u) +r lepusr Uy *0.10, Ay 253y ~0.05 12121272
E Bilinoar RPV CMSSM Ve n 7 jets m(@r=mig), €rigp<t mm ATLAS-CONF-2012-140
Fy £, ¥y WY K] veev,. epv, 4den . m(¥])>300 GeV. 1,3, >0 ATLAS-CONF-2013-036
\.\!. Uy =W b erri, orp, 3@ uer - MV} )>80 GaV. 44 >0 ATLAS.CONF-2013-036
B-—qqq 0 6-7 jots BR()=BRYb)=BR(c )% ATLAS-CONF-2013-001
Bty ty—bs 2 e.u(SS) 036b ATLAS-CONF-2013-007
Scalar gluon pair, sgluon-qd 0 4 jots 0l it from 1110 2693 1210.4826
Scalar gluon palr, sgluon-—t§ 2e, u (SS) 1b ATLAS CONF-2013-081
WIMP interaction (DS, Dirac y) mono-jet M) <80 GeV. imit ot <687 GeV for D8 ATLAS. CONF-2012.147

o _ Wi ol sed Ak
T % 10° 1 Mass scale [TeV]

‘Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theorelical signal cross seclion uncertainty

April 7,2014 LHC Run| Results - Dmytro Kovalskyi 29



CMS SUSY Limits

Summary of CMS SUSY Results® in SMS framework SUSY 2013
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SUSY

m sp (GeV)

LSP mass [GeV]

0 600 700 800 900 1000 1100 1200 1300 1400 1500

200
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Cross-section Scaling 8— |3 TeV

WJS2013
100 B ! LI | ! T

[ ratios of LHC parton luminosities: 13 TeV /8 TeV y

Xsection Ratios 13/8 TeV

1350GeV gluino: x30
: 950GeV squark: x20
3 750GeV squark: x9
350GeV X*XY: x3
top pairs: x4

luminosity ratio
o

MSTW2008NLO

100 1000
M, (GeV)

~1/fb of 13TeV data surpasses our best gluino limits.
~3/fb of 13TeV data surpasses our sbottom and stop limits.

April 7,2014 LHC Run| Results - Dmytro Kovalskyi 32 I



Dark Matter

 Assume DM is pair-produced, but invisible. Then
trigger/reconstruct using ISR hard emission

* Refer to this as “mono-X”, where X = jet, vy, W/Z, Top.
 If mediator is heavy, interpret using EFT (“contact int”)
« Alternatively: use simplified models (no validity issue).

CMS Mono-jet Production ATLAS Mono-W/Z(qq)

‘36 H T T rrmm LELELEAALL LU ALLLAAS L] || LLAAL
CE1U LB AR IIIIIISP T . ;»r TTrITTH Dlagram FE‘ 864 -.-[‘JS(u;-d)ohs | 900/0 CLI ;|7Dg<0bg‘, I I R
S, 107 CMS Preliminary o =107 - Ds(u=d)obs D9: ATLAS 7TeV ) ]

- . ke - DSATLAS 7TeV (@) -
2 0 i) LA 5-1.3' ‘8 «33~ .. /
g 107 gl _'..-rvrl'i 5=8TeV, 105 i A " - p— T T — ]
S . \\\ CMS.¥s=8Te w ‘éﬁ - spin-independent 7T spin-depgndent\\ 4
»n 10 gL Y G, A0 - | I PP
wn 10T 1 ,F
o 1o =
e 1042 - 1 | ./i )
5 1043k e -
o - + -
© 10% i s | il
o F  COUPP 2812 1 ATLAS 203fh" fs-8TeV]
= 104 10— CoGeNT 20 ¥ —SIMPLE 2011 5
R"U-ds ‘ muxjmuq) L YENON100 20{2—"’"’ 1 COUPP 2012 - —IceCube‘v‘li‘W‘_
Spin Independent, Vector Operator 22 F__CDMS Iow-energr 1 —PICASSO 2012 I-IceCube b
10-“ 1 11 1 lllll 1 1 11 llll[2 1 1 11 1111 10461 11 llll]ll 11 lllll. L1 lllllllgu L1 lllllll L L LLLLLL , L1 11111113
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CMS Exotica Results

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

LQ1(ej) x2
LQ1(ej)+LQ1(v))
LQ2(uj) x2
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LQ3(vb) x2
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Oo0oO0oooo
13 B G G G G
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String Scale (jj)

Resonances

CMS Exotica Physics Group Summary — March, 2014
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Boosted lop

CMS Searches for New Physics Beyond Two Generations (B2G)
95% CL Exclusions (TeV)
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Beyond SM with Higgs

 Two different approaches: “indirect” using coupling
results, “direct” using targeted searches

* Limits from recent ATLAS couplings analysis:
* Minimal Composite Higgs (MCHM)
« Additional EW singlet
« 2HDM
. Simplified MSSM No sign of BSM Higgs (yet) !

 Higgs Portal

* Limits from direct Searches:
e H->hh, A->Zh (CMS)
« 2HDM limits (CMS)
« t->cH (CMS)andt->qH (ATLAS)
« MSSMH -> 1t (CMS)
 Charged Higgs (ATLAS)

April 7,2014 LHC Run| Results - Dmytro Kovalskyi 36 I



Vector Boson Scattering
(indirect searches)



N,,, / 250 GeV

BKG BKG + EW

(a) vector boson fusion
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arXiv:1401.7610

(b) Z-boson bremsstrahlung

(b) diboson-initiated

(a) strong Zjj production

»  EWK: t-channel vector boson exchange

»  Observed 50 effect
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Anomalous Triple Gauge Couplings

Feb 2013

T T T ]
Sireme =
DO Limit o DO Limit e
LEP Limit = LEP Limit !
-1
| Wy -0.410 - 0.460 4.6 b Ax — W 10.045-0.045 461"
Ax, | W 10,380 - 0.290 5.0 b z — WV -0.043 - 0.033 5.0 fb
| | ! ‘ eoe 00T . LEP Combination -0.074 - 0.051 0.7 fb!
| | WwW -0.210-0.220 4.9 b A — WW -0.062 - 0.059 4.6 b
—_ WV -0.110-0.140 50 b Z — WW -0.048 - 0.048 4.9 fb™
——o— DO Combination -0.158 - 0.255 8.6 fb™ — Wz -0.046 - 0.047 4.6 fb™
—e— LEP Combination -0.099 - 0.066 0.7 fb™’ — WV -0.038 - 0.030 5.0 fb™
A i Wy -0.065-0.061 4.6 fb™ FA DO Combination  -0.036 - 0.044 8.6 fb™
Y . . -1 He LEP Combination -0.059 - 0.017 0.7 fb™
— Wy 0.050 - 0.037 5.0 fb . W 0.039-0.052 4.6 fb
-0.048 - 0.04 -1 -U. - 0. .
— ww 0.048 8833 491" Agf — WW -0.095 - 0.095 4.9 fb"
i WV . -0.038 - 0.030 5.0 fb_1 - W27 -0.057 - 0.093 4.6 fb™
HoH DO Combination -0.036 -0.044 8.6 fb o DO Combination  -0.034 -0.084 86 fb™
. LEP Combination -0.059 - 0.017 0.7 fb™ e LEP Combination -0.054 - 0.021 0.7 fb™
| | I L | 1 L | 1 | 1 1 | | | | 1 | 1 1 1 1 I | | 1 | L 1 l l L 1 1 L l 1 1 1 1 I 1 1 1 1 1 1 L |
-0.5 0 0.5 1 1.5 -0.5 0 0.5 1 1.5
alTGC Limits @95% C.L. aTGC Limits @95% C.L.
> Trying to fix it for next RUN
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Anomalous Quoter Gauge Couplings

LEP L3 limits [ CMS WWy limits —
July 2013 DO limits ——  CMSyy — WW limits ==
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L s
W WWy [- 15000, 15000] 0.43fb™ 0.20 TeV
yy = WW [-430,430] 9.70fb" 1.96 TeV
. ww [-21,20] 19.30fb" 8.0 TeV
al/A? TeV? !
.......... vy = WW [- 4, 4] 5.05fb" 7.0 TeV
WWy [- 48000, 26000] 0.43fb™ 0.20 TeV
W+
y yy — WW [- 1500, 1500] 9.70fb™" 1.96 TeV
WWy [-34,32] 19.30fb" 8.0 TeV
al/A? Tev?
.............. yy— WW [- 15, 15] 5.05fb" 7.0 Tev
N
W~
-1
fro J/A® Tev? WWy [-25,24] 19.30fb" 8.0 TeV

-10°-10*10°10%2-10 -1 1 10 102 10° 10* 10°

»  Exclusive YY = WW exceptional sensitivity

»  Very hard (impossible?) in high pileup

> Tools and Methods are in development

» EFT with FeynmanRules in Madgraph becomes default

April 7,2014
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Top Mass



Stability of the SM vacuum

SM Higgs discovered, no BSM. Pushing SM to Plank scale the measured Mh and Mtop
place the SM vacuum in a meta-stable state due to negative Higgs coupling

BT

010 ‘ T T T T T T T T T T T T T T T e '/)4 B
L - ’107 3 :_1—______-__:1 02\_.-- ( d
_ [ Instability S SRR~ e .107]
0081 507 bands in 178 | - d
M, =173.1 £ 0.6 GeV (gray) - o - J//__:-“"_'_'_"_i S . ’ ]g-l(l_
a3(Mz) = 0.1184 + 0.0007(red) e o
~ 006} Mj, = 1257 + 0.3 GeV (blue) > e o™
o0 (QD) 176 JOJ}
R= ! -1 l3
= = P T
z 004- = ’
= ” [ .7 PRI - 55
2 2 1747 " . -
— E L - ’ ) L : . . ~
S 002f v Meta-stability - L
& & ot = 2
20 - & 172 - ~1019 i
- 0.00 & I
~0.02 - tor.- ,’;,:_j_i;_:g___é;..:.;?i-;;"l?"(’,’.g ]
0% Stability
=004, | v vy 168 5 M e Lo e Lo
102 10 10° 108 1010 10'2 10 10'¢ 108 120 122 124 126 128 130 132
RGE scale 1 in GeV Higgs pole mass M), in GeV
) i o i ¥3 AI zZ) — () 1 18—1 . .
My, > 129.1 GeV + 2.0(M, — 173.10 GeV) — 0.5 GeV (M) + (0.3 GeV arXiv:1307.3536

0.0007 Buttazzo et al
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http://arxiv.org/find/hep-ph/1/au:+Buttazzo_D/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Buttazzo_D/0/1/0/all/0/1

Top Mass Combination

LHC/Tevatron NOTE
ATL AS-CONF-2014-008
CDF Note 11071
CIMS PAS TOP-13-014 | A
DO Notz 6414 'T; {
March 17, 2014 .f

CERN/FNAL Press Release:

A total of more than six thousand scientists from more than 50 countries participate
in the four experimental collaborations. The CDF and DZero experiments discovered
the top quark in 1995, and the Tevatron produced about 300,000 top quark events
during its 25-year lifetime, completed in 2011. Since it started collider physics
operations in 2009, the LHC has produced close to 18 million events with top quarks,
making it the world's leading top quark factory.
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Top Mass combination

Individual Combinations

Previous

Comb

I+jets
di-lepton

all jets

Tevatron+LHC m

—_— e —

indiv. comb. - March 2014, L =35f"-8.7fb"
ATLAS + CDF + CMS + DO Preliminary

173.29 + 0.80 (0.23+0.24 +0.72)
172.74 + 1.15 (0.43 +0.06 + 1.07)
173.17 £ 1.20 (0.65+ 0.30 + 0.96)
173.93 + 1.85 (1.26 + 1.05 + 0.86)

173.19 + 1.00 (0.52 + 0.44 + 0.73)

1174.85 + 1.48 (0.78 + 0.48 + 1.16)

172.65 + 1.44 (0.31+0.41+ 1.34)
173.58 + 1.03 (0.29 + 0.28 + 0.95)

Tevatron

LHC

World comb. 2014

——— —

Tevatron March 2013 (Run [+ll) =4 L i —

LHC September 2013

|

S o o mam——

I : |

173.58 £ 0.94 (0.44 +0.36 + 0.74)
173.28 + 0.94 (0.22 + 0.26 + 0.88)
173.34 + 0.76 (0.27 + 0.24 + 0.67)
173.20 + 0.87 (0.51+0.36 + 0.61)

173.29 + 0.95 (0.23 +0.26 + 0.88)

total | (stat. iJl syst.)

170

172 174 176

178
My, [GeV]

LHC vs Tevatron - remarkably consistent results

180
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Top Mass - Latest from CMS
‘W mass before ﬁt' ‘Top mass before ﬁt'

CMS Preliminary, 19.7 fb "', |s =8 TeV, I+]ets CMS Preliminary, 19.7 fb ™', s =8 TeV, l+jets
3 45000 [l fcorect WefesF 3 o000 Mcomer. Bzeels
0] [ Widets 3 O} : [0 w+Jets
© 40000"_ -tfwrong A Bl singietop TS © 18000 _-t{w[ong oo -singietop —]
2 35000:_ [:]tiunmatcned @ DA _f ® 16000 C]ﬁunmatched Data =
2 E ‘ 3 2 :
© TS S— © 14000 - p— b . alan
S oo T 0 =172.04+£0.19 £ 0.75GeV
Y S @ 10000 E
o oo E
10000 4000 -
5000; 2000 ____________
Q 15F Q ! L I B
% 1 : % ++M : P SN0 e e s
© i i i i w ] L )
0 50 100 150 200 250 300 100 200 300 400
— —es 7 Leptont +jets
W mass for good fits Top mass for good fits :
memmm:', TR e mema—' memerememm > Simultaneous fit for top
> 25000 716t : > 12000 -_ﬁ,mw T Zedels ]
PN L I — oor W I SN O L T R P d |
@ 20000 [ unmatched e bata 7 2 "0 [Tldumached e paa E Mass an enel‘g)’ SCal€
S - - ) S C ' -
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- S SN, S — - g
r 4000 ° ° °
> Significant change in the
s e N central value
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- 055 '1ci>o' 50 E00 250 300 - 05™ '100 00" T
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Systematics

Table 1: List of systematic uncertainties for the combined fit to the entire lepton+jets data set.

om?P (GeV) 0JSF omi'P (GeV)
Experimental uncertainties
Fit calibration 0.10 0.001 0.06
p1- and -dependent JES 0.18 0.007 1.17
Lepton energy scale 0.03 <0.001 0.03
MET 0.09 0.001 0.01
Jet energy resolution 0.004 0.07
b tagging <0.001 0.01
Pileup 0.005 0.17
Non-tt background 0.001 0.01
Modeling of hadronization
Flavor-dependent JSF 0.004 0.32
b fragmentation . 0.001 0.04
Semi-leptonic B hadron decays 0.16 <0.001 0.15
Modeling of the hard scattering process
PDF 0.09 0.001 0.05
Renormalization and 0124013  0.004+0.001 | 0.25:£0.08
factorization scales
ME-PS matching threshold 0.15+0.13  0.003+0.001 | 0.07+0.08
ME generator 0.23+0.14  0.0034+0.001 | 0.2040.08
Modeling of non-perturbative QCD
Underlying event 0.14+0.17  0.002+0.002 | 0.06+0.10
Color reconnection modeling 0.08+0.15  0.002+0.001 | 0.07+0.09
Total 0.75 0.012 1.29
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Summary

> Higgs discovered

» Standard Model is complete
> Higgs boson looks exactly as SM predicts
» Searches for BSM show nothing new

» Naturalness is looking decidedly less natural

» Run2 will increase energy to |3TeV

> Last time in a while that we may have a quick discovery
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