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A - Focusing on new fermions

) The Higgs fits with Extra-Fermions

Today : The LHC has discovered a resonance of ~ 125.5 GeV

== |l /s probably the B.E.Higgs boson => EWSB mechanism

+ Tevatron and LHC provide 58 measurements of the Higgs rates
= new precious source of indirect information on BSM physics

me) nature of the EWSB : within the SM or a BSM context !?
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On the theoretical side:

New fermions arise in most (all?) of the SM extensions,

— little Higgs  [fermionic partners]

— supersymmetry  [gauginos / higgsinos]

— composite Higgs [excited bounded states]
— extra-dimensions [Kaluza-Klein towers]

— 4th generations [new families]

— GUT [multiplet components]

—efc...

ms) |Vhat are the present constraints on extra-fermions
from all the experimental Higgs boson results ?
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Effective approach : Corrections on the Higgs couplings
from any extra-fermions (via mixing, new loops)

,Ch — —Ct}/thLTLtR —CbY})hBLbR —CTYTh%LTR

Q Qs apuv ,Ya
+ Chy— h F*Fuy + Crggro— h G* Gy, + hee.

Modifications of Y; Yukawa couplings via (f’) EF mixings : £ sm
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Higgs production cross sections over their SM expectations :

Cason  |(c+ o) AlT(ma)] + ey Alr(my)] + Alr(m,)]|” Tt 2

T |Alr(me)] + Alr(ms)] + Alr(me)]|” R

Higgs partial decay widths over the SM predictions (no new channels) :

Ihoyy g A1[r(mw)] + (5)%(ci + i) Alr(my)] + (—3)?cp AlT(mp)] + (5)2 Alr(me)] + 3¢ Alr(my)]]
. S sl (mw)] + (B2 Alr(mo)] + (=32 Al (mo)] + (3)2Alr(mo)] + $Alr(mo)]]
Fh—>15b 2 IR 2
FSM S |Cb‘ FSM St | 7'}

h—bb h—71
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Measured signal strengths all of the form (exp. selection efficiencies) :

/ \

€hqq |P _€hv _Chit i
o S — e - 0
D N gg—>h‘ €gg_sh |5t hqq’ €gg—sh | S:Csl ‘ €gg—sh |5:Cst htt’ Bh—)XX
gg—)h 6gg—>h 5,C,1 hqq €gg—sh | S:Cyl €gg—sh | 1G5t htt h—)XX

For the fit analysis, we define a function X*(ct, Cb, Cr, Cggs C1y)
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st experimental results...

| | | |
ATLAS Preliminary
W,ZH — bb

Vs=7TeV: [Ldt= 47 "

| m,= 125.5 GeV

Vs=8TeV: [Ldt= 130"

H- 1t
Vs=7TeV: Ldt= 46"
VS =8TeV: [Ldt= 130"

H—ww"” = iy

Vs=8TeV: [Ldt= 131"

H— vy
VE=7TeV: |Ldt= 48 "
Vs=8TeV: Ldt= 207 fb"

H-zz" = 4l

Vs=7TeV: |Ldt= 46"
Vs=8TeV: |Ldt=207 ib"*

Combined
Vs=7TeV:Ldt= 46-48 0"
VS=8TeV: [Ldt= 13- 207 fb"

u=1.43+0.21

Signal strength (u)

H— bb (VH tag)

H — bb (itH tag)
H— 1t (01 jet)
H— tt (VBF tag)
H— 1t (VH tag)

H — yy (untagged)
H— vy (VBF tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H—ZZ

5=7TeV,L= 51fb' (s=8TeV,L =122 fb"

CMS Preliminary m,=125.8 GeV

2 o0 2 4
Best fit O'/GSM



Higgs fit
results :

( 3 free
param.)

10

[a]

[b]
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« 3 conclusions for this first fit.. »

* The SM point ( x%,; = 57.10 ) does not belong to the 10 region
SM

* Determination of ¢,, and c.., relies on the knowledge of Y& (c;)
*Ypet (c,)” B(h->VV)N\ compensated by O, ., ~ ie. ¢y~
= Y, cannot be determined by the (previous) Higgs fit

suggestion : avoid compensations by measuring
dq — hbb and gg — hbb  h — bb



Higgs fit
results :

( 3 free
param.)

AFTER
MORIOND...

Ax? = X% — X
X2, = 52.36
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Varying the last parameter . C-
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ll) Constraining single Extra-Fermions

Single extra-fermion (starting approximation) => new loop-contributions :

= E o) 2 A C Yas/s A
Cgg = C(t)A[T(mt)]/U B ( )m—t’ [T(mt’>] B (Q5/3)mQ5/3 [T(mq5/3)] I ]
g t! qs5/3 : Yv% 3 /
e = mgEar 25 e Arm) -~ (3) gy AT (03] -Gl Al - |
c v ( | the top)
— =Ar _ q same color repres. as the top
Cgg lq’ (2/3)?
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(2 free parameters)

Ct =1
_ )
cp=1 I Oy =-1
Cgg =0
Z2 -1 0 1
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independently of Y., masses, SU(2),_ repres.

|
|
| |Q|pert.
|
|




'I?/IIEDTF\I’ElI?)ND independently of Y., masses, SU(2),_ repres.

10

(2 free parameters) T 99%




(1 free param.)

For low-charge q’,

fxtm-@.y%rmz’gaﬁz’[z’a :

Sign<_Yq/> <0
mq/
...increasing the
diphoton rates.

ds/3 — tWT
qgs/3 — tWTWT

el

qs/3

25 30 35 40 45
Logm(mq5 ls(GeV))

)

qs;3

...................

20 25 3.0 35
Log,,(my(GeV))

25 30 35 40 45 50 55
Logw(mqm(GeV))



15/24

Gonelysions (A)

®: Already non-trivial & generic constraints on extra-fermions
from the Higgs rate fit :

Potentially stringent constraints on extra-quark electric charges
independently of the Yukawa’s, masses, SU(2), representations

Extra-dysfermiophilia for low-charge single q° (colored as the top)

The obtained plots can be used for any scenario with new fermions

+ Difficult and correlated determinations of some Yukawa couplings
and parameters for the new loop-contributions to hgg , h
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B — The interests of rate ratios

) Get rid of the theoretical uncertainty

The QCD uncertainty (PDF, o, @ LO, scale dependence) on the
inclusive Higgs production cross section reaches ~15-20% [LHCHWG]

..it affects
the p's fit

gum—

—

/ 5exp
Nevts (pp — H — X X)

Hoxixlexp = > € oi(H) BR(H — XX)[su % £

~* Oin

Seto;(H) BR(H - XX) __—"
x| = S eXoy(H) BR(H — XX)|sm




17/24

Taking i ratios can allow to suppress the QCD error:

/ 5eXp

XX NthS( pp— H— XX) Y..e 0i(H)|sm BR(H — YY)|sm
pyy lep  Nevis(pp — H = YY) Y Xoy(H)|sm BR(H — X X)|sm
\ can cancel out!
XX 200(99— H)+egppo(qq— Hqq)+epyo(qg— VH) %U{U (99— ttH)
[Lyy lth (gg—>H) + e ppo(qq— Hqq) + €35,0 qq—>VH H-eo(gg—ttH)
e/ T(H—XX)
L i ol )\SM TH=XXlsu
Dxy (cs,cv) Z X0y (H)|su _LHEYY)

F(H—>YY)|SM
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ll) Fitting ratios of signal strengths
Usual fits of the Higgs rates :

Lh = cw gaww H W W™+ cz guzz H Z; 2"
—CtEHfL tR . CCYvCH(_fL Cr —CbYE)HBL bR —CTYTH7_'L TR i h.c.

( Yicor = Micpr/V  JEWW = 2miy [V, grzz = Mz /v )

2

[/LZ(C 7CV) - :ui’ex ]
i Z f (Op14)? - Opi = \/5“1' s T OHalGy

l



(2 free parameters)
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Signal Strength Fit
[Moriond 2013]
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(without the CMS
diphoton data from
Moriond QCD)

Symmetry:
Cf — —Cf, Cy —> —Cy
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Now fitting ratios of the Higgs rates:

2 TT TT
E_ Do (enev) — (bl 1Dy (e ev) — i Wl 1D (e ev) = il I
a4 a 2 TT 2 TT 2
[6(522 ) gg] 00 )gq] [6(22 )vBe]
INH—ZZ) I'H—7T1)
99 ~, VH=2ZZ)|sm 99 . NVBF . T(H—=77)|sm
D27 —  T'(H—7vyy) , Diw = Dy = I(H-WW)
L(H—v7)|sm L(H—=>WW)|sm

- {&chﬂmWH(%)%tA[mtJ+<—§>2ch[mb1+<
y FAslmw] + (B2 A[md + (— )2 Afma] + (3)?Alme] + S Alm]P

! |ew |2 ( r(m) = m% /4m2  Alr(m) < 1] = 1 )
for my ~ 125 GeV, Ai[r(mwy)] ~ —8.3



(2 free parameters)

Less informations than on
individual signal strengths

-+

Combined Num. & Denominator
experimental errors

!

Best-fit regions larger for ratios
and containing the ;t domains at 10

2
(theoretical error in quadrature for X => negligible)

Cr

1.5+

~05+
-10,

~15-

10
0.5

0.0

Fit of u ratios

21/24



(2 free parameters)

1.5

Theoretical error added linearly 1.0
(no statistical distribution) ’

1 03

Best-fit X regions larger Cr 00

l' —05-
2 . i
Xr domains rule out

X* regions at 10 10,
including the SM point ! ’

72
g
9% [Moriond 2013

-15

| —iO - —65 - 0.0 0.5‘ - ‘1‘.0‘ -
. . . 2 .
(more constraining with X; as no theoretical error) Cy
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, ~0.1" Fit of u ratios -
—02/ \\ i ]
f ~02" N
Cf —04 \ =“=E‘= N cf _0'3}

-04- 1 HC , 14TeV

—0.67 LHC , 14TeV _os} 3000 fBl
300 b~ ! f
I 2 -06 .
‘036b 2 o o5 os 00 01 02 03 04 05
Cy Cy

Assuming the statistical error to decrease like 1/, /57
we add up 14TeV LHC results in the fits...

x“dominated by dtn => constant region sizes

. 2 A
2 . o Crucial X réle
X, uncertainties decrease => more precise C’s
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Gonelusions (B)

Fitting the ratios of Higgs rates already improves the constraints on the
C; , Cy parameters (for linear combination of exp./th. uncertainties)

Combining the fits of the signal strengths and of their ratios can turn out
to be crucial for the precise determination of the Higgs couplings @ LHC.



Back up
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31gn(mt) _ sign(m¢) sign(—Y;PF) o = sign(—Y;™) )| = sign (

- sign(mEF) ) ~ sign(mPF) sign(-Y;) “sign(mFEF)




