¢ 2
B mH 3 mZ p ZmW o —p
L= %H Wz 22y 2" H +Hrw— W W H
C'a’ G"H y ”H M H
‘271"0 Wer“ 4 +h27 A“ Z

+ KyV (cos® Ow Zy, ZH + 2WEW ) H

mv

Z 7nfffz 771fff Z fof H

f=u,c,t f=e,pu,

P N AN

Eilam Gross, Weizmann Institute of Science

HIGGS COUPLINGS

Acknowledgements : Marumi Kado, Yossi Nir, Michael Duehrssen,
Marco Pieri, Pierre Savard, Liron Barak

Higgs Couplings, Moriond 2014, Eilam Gross



Higgs Ringing Down the Years (Moriond)
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La Combinaison

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

2011 5 =7 TeV i

new

H = vy ATLAS-CONF-2014-009 2012 +/s =8 TeV
- / 14 categories: {p1¢ ® 17, ® conversion} &
H— ZZ((i) had =y B (loose. tight 2-jet VBF) @ {(-tag. E™-tag, 2-jet VH]) 20.3
- WW vty __ THS 229 I (de, 2e21, 2, 4y, 2-jet VBF, (-tag] 203
Zow EXT CHSWWe [ by {(ee. e, e, ) ® {0-jet, 1jet, 2-jet VBE) 203
VH — Vbb W — ty pY e iSs - -
' T Z—> vy ET"™ € {120 - 160, 160 - 200, > 200 GeV} ® {2-jet, 3-jet} 20.3
22U PTE yH b | W v p € (<90, 90-120, 120-160, 160-200, >200 GeV} ® {2-jet, 3-jet} 20.3
Z — (0 pZ e {<90,90-120, 120-160, 160-200, >200 GeV} ® {2-jet, 3-jet} 20.3
TlepTlep {ee, ey, pu} ® {boosted, 2-jet VBF} 20.3
H o 11 TlepThad {e, u} ® {boosted, 2-jet VBF} 20.3
CMS PAS HIG-13-005 Thad Thad {boosted, 2-jet VBF) 203
Analyses No. of My Lumi (fb 1)
H decay | Prod. tag | Exclusive final states channels resolution 7TeV 8TeV
untagged | 7y (4 diphoton classes) 4+4 1-2% 5.1 19.6
YY VBF-tag | 77 + (jj)ver (two dijet classes for 8 TeV) 1+2 <1.5% 5.1 19.6
VH-tag | 7y + (e, u, MET) 3 <1.5% 19.6
Niet < 2 3+3 o
77 — 4f N;:t >2 de, 4p, 2e2u 343 1-2% 5.1 19.6
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 19.5
0/1-jet | (em, pty, e, ppu)x (low or high p1) 16 + 16
1-jet Ty T 1+1 15% 49 19.6
TT VBF-tag | (em;, um, ep, uu, mt) + (jj)ver 5+5
ZH-tag (ee, up) % (Thh, €y, pUTH, €H) 8+8 5.0 19.5
WH-tag | myup, ey, ey, pth 4+4 ’ ’
VH-tag (vv, ee, up, ev, uv with 2 b-jets) x (low or high pt(V) or loose b-tag) | 10+ 13 10% 5.0 12.1
bb tH-tag (£ with 4, 5 or >6 jets) x (3 or >4 b-tags); 6+6 5.0 51
(£ with 6 jets with 2 b-tags); (££ with 2 or >3 b-tagged jets) 3+3 ) ’
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Introduction

A Higgs Boson has been observed not by 1, but by 6000
physicists (and if you still do not believe me see next slides)...

Is this the missing piece of the SM, or is
a tip of some huge iceberg?

We can try to answer this by measuring
the properties of the newly discovered particle

The Higgs is the generator of the elementa
Fermion masses. Its Yukawa coupling is proportional to mass.

The BEH mechanism allows the W and the Z
to acquire mass without explicitly breaking the symmeftry

It dictates the couplings of the Higgs fo the gauge Bosons,
We would like to verify that.

Higgs Couplings, Moriond 2014, Eilam Gross 6



What do we measure

We measure event vields

CMS \s 7TeVL Sllb Vs 8TeVL 197fb

. . > AL I .I [ (]

We want to derive couplings S % .Da"’ F
. ™ Z+X

~ 30+ —

and signal strengths s % Dz

The first thing we want to g %} [ Jmy=126Gev

measure is the the “signal
strength” per channel

The analysis is using
discriminators (usually
reconstructed mass related)

10 120 140 160 180
to increase S/B m,, (GeV)

pe(ggl . VBF, VH ttH ) ze(yy 77 WW,bb,TT)
U, (@m =1255)=14477)  6.60(4.40exp) ATLAS

+0.26+0.13
‘LLZZ (@H’?ggé C_ou})h2r1gs6l\20$n(d)2091§t‘ﬁ)agr$GFb@9 6 86(6 76 eXp) CMS7




What do we measure

We measure event vields

. : >5000F T T T T T T T T T T
We want to derive couplings & L e —— SE _
o i _ e, _ -. 1 = = = Bkg Fit Component |
and signal strengths Zaooof ST T M e
The first thing we want to € | ;
: w_ 03000
measure is the the “signal i
/ §®]
strength” per channel L5000
2
The analysis is using 2
discriminators (usually @
reconstructed mass S L T
n 110 120 130 140 150

tfo increase m,, (GeV)

)

p € (g8t ,VBF, VH ttH ) lE(W,ZZ,WW,bb,TT)
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What do we measure

We increase sensitivity Phys. Lett. B 726 (2013), pp. 88-119
o — wmggF ®WVBF ®mWH ®ZH mittH

by classifying the events [© ATLAS Simulation Hory

via categories and ———————————————————= m

. s —

measure the S|gnal chonv.restlhlighp:: —-lI

strength per category oo i, [ m—

and then combining them | Loose/tight high mass 2jet (VBF tag) :—.'.

Loose high-mass two-jet

taking all the sytematic e

Low-mass two-jet

and statistical errors
uncertainties info accou

]
0 10 20 30 40 50 60 70 80 .90 100
signal composition (%)

The categories also sensitive to different production modes,
allowi e measurement of the couplings

=u’><2 (GPxBrf)SMx j
pe(ggF ,VBF.VH ttH) e (yy,ZZ,WW-,bb,

1, @m, =1255=157" 7T40(430exp) ATLAS
W, @m =1257)=0.77">  320(3.90exp) CMS

iggs Cbuplings, Moriond 2014, EiIaTTpG?rgss 9



Probe the Produc’rlon Modes
w=[ u uBR;] Mg =

Parameterize wﬂrlﬁ explicit BRQM
production modes and decays

nt =y [.UP.UZR % (0" x Br')g, x A x €5 x Lumi

Define

Note: ONE CAN ONLY FIT THE oo ATLAS-CONF-2014-009 .

PRODUCT [ ‘L[ ILLBR] é.g - Standard Modo :,' ?Tl;;:sviiiilm;nGa:); .
N T —68%CL e | E

We cannot ft SImUI'l'dI'IeOUSIY the ;1@ 8~ .- es%aL § s=8TeV |Ldt=203fb

cross section and the BR 6 —tom ]

SNo full Higgs width fit is e
possible to high accuracy at the

H-o 1t

LHC (from the signal rates) 2 =
The categories allow us to fit of- N
specific production modes but e
no combination is possible . j,zz*,wﬁ*m
unless we make assumptions oo
on the BR

Higgs Couplings, Moriond 2014, Eilam Gross 10



Probing VBF production mode

We e l. Here we assume
Hverive = |:luVBF+VH X JLLBR:I ¥

| Hysrove = Hver = Hyg - ~8yva
l

. [
JLngF+l‘lH — I:I'ngFHtH X JLLBR:I ,uf ,uggF :uttH ~ giH

ggF+1tH

Taking one decay mode at a
time gwe can g>cl> one step ZVBFWH Significance
further and fit the ratio sg+itt
per channel ATLAS | 147!

l
Hyprive _ Myprive CMS | 15475, | 320

l - CMS: https://twiki.cern.ch/twiki/bin/view/
lLngF+ttH lLtggF+ttH CMSPublic/

. e — Hig13005TWiki#Ratio_of production_modes_
This ratio is INDEPENDENT . i,

of the decay channel so we

can combine

Higgs Couplings, Moriond 2014, Eilam Gross



Probing VBF prod

We fitted

i _ i
Hverive = I::LLVBF+VH X ;uBR:|

i

Taking one decay mode at a
time we can go one step
further and fit the ratio

ner channel
erl I TWAT I N

— I
‘LL ggF+nH — |:auggF+ttH X ;UBR]

ATLAS Preliminary
my = 125.5 GeV

uction mode

ATLAS-CONF-2014+009

Total uncertainty
+ 16 on bweew

ggF+ttH

H— vy

K, +0.8
VBF+VH — :
uep = 4 108

MggF+ttH

H— ZZ* — 4l

Hypreve — 0 6+2.4
Bogret " 0-0.9

H—> WW* — Iviv

H, +1.9
VBF+VH — .
1 -8_1 O

ggF+ttH

H— 1t

Hygravn =1 7+°°

- 1.2

l
JLLVBF +VH uVBF +VH

l
JLL ggF+itH

uggF+ttH

Combined
v)

This ratio is INDEPENDENT
of the decay channel so we
can combine

VBF+VH — 1 4+0-7
= 7-0.5

llggF+ttH

\s=7TeV [Ldt= 4648

\s =8 TeV JLdt = 20.3 fb’

Higgs Couplings, Moriond 2014, Eilam Gross
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Evidence for VBF Higgs Production

< :_ -\ ATLAS Preliminary =

:uVH N ool Vs=7TeV [Ldt=4.6-48fb" E

PROFILING we can 182— Vs=8TeV [Ldt=203fb" E
lLngF—i-ttH :i%: ‘:‘-.‘ m, = 125.5 GeV _E

: Hysr 12 | R
Fit and find an for  combined E

===+ SM expected

uggFHtH 2 =
evidence for VBF Higgs :
0

producfion 05 0 05 Aiai5 2 25 3 38

/
HVBF uggFittH

JLLVBF — 14 i O3(Stat.)‘|_‘gi (SyS) ATLAS B 10 .EMS Preliminary F 7TeV, L< 51fb \[_IST\I/IL I196fb:

Heersum ATLAS Conf Comb = z_uggz;ﬁﬁqg ?;guﬁl(sjlgsavé;m;
CMS profile VH,ggF and ttH R f
Wypr =0.9510.5 CMS .
Hyge=0 is excluded at 4.10 (ATRAS) | E
Wypr=0 is excluded at 2.00
. L -
(assuming SM BRs) (CMS) o2, ) i

Higgs Couplings, Moriond 2014, Eilam"Gross




Indirect Sensitivity to Fermion Couplings

. I-
_ 2 tt
t K === I EETTETEBTY
H rt? \\t .
_______ 82 g g fusion : ty -
‘ ki =" 9 Qszmmm//‘
T— | g’Z'SM ' L
2.0t 120 bk O
koK) = Kt "Oggn T % " Tggn T KtKb " Tgop
g\tby Bt = St O_bb N O_tb
ggH ggH ggH

Note that if all fermion couplings are set to be
equal, kgz — ki

A A "

W SV

k; =[1.28k, —0.28k| "4 Zw

Y

Higgs Couplings, Moriond 2014, Eilam Gross 14



Direct observation of H>bb and H> 1T

The Bosonic channels H->bb dominates the Higgs

(Yy,ZZ WW) provide indirect total width (BR~58%)
evidence about the fermion ggF,H=>bb is saturated with
couplings to Higgs via loops overwhelming direct production

of bb from QCD background
S SO AN The handle is given by a
t ! Vector Boson produced in
H° P

ty > i l association with the H—>bb in

i mm> <wmxw the VH,H->bb process.

g Y

: ) With a SM BR of over 6%
Buf the direct evidence came and a relatively clean signal in

with the observation of the bb  \/gr 4nd Boosted categories,

and the 7t by (first) CMS and {377 is even more important

(then) ATLAS then the bb (with the current
luminosity and analysis status) in
order fto establish the Higgs
direct coupling fo fermions.

Higgs Couplings, Moriond 2014, Eilam Gross 15



Fermions Direct: H2> 1T

Discriminator is not
necessarily mass
(CMS)

Here its a BDT
score (ATLAS)

(see talks in YSF by
Niels Ruthmann &
Riccardo Manzoni)

ATLAS- CONF 2013 108

510 BEERRERRRARE:
?) E D Background (u=1.4) ;
ch E ------ Background (u=0) -
Lﬁ 103 Z ‘_|—|—|‘i- H(125)-1t (u=1.4) E
B H(125)-tt (u=1) 3
102 ;_ /Z=4.10 _;
(3.20 exp) ]
- Hortt . i
10 ATLAS Preliminary gﬁﬁ"\f E
= [Lat-20310" E

- {s=8TeV

H2>TtT CMS ATLAS
Signal Strength n=0.78+0.27 u=1.4*0>_,
Excess 3.20

(exp 3.70) 4.1o (exp 3 20)

arXiv-t4a0 k504 tvtsftepexd
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Fermions Direct: H=>bb

—arXiv:1310.3687v2 [hep-ex]
CMS ® Data
(s= 7TeV,L=5.01fb" B vH
s = 8TeV,L=18.9 fb" [ Background

107

ATLAS-CONF-201B-079
ATLAS Prelim. |==o(sta)  Tota| yncertainty

Entries / 0.25
)
[

pp — VH; H - bb —— VH(bb) 125 GeV G(sys)
:g: -~ Background uncert. mH = 125 GeV o(theo) i b On u
102 VH(bb), 7 TeV HAO B
10 p=-21700
1= . wy | T T n 7122
10" VH, Olepton 1 _27;?)
15é.12}d.o'1-.°.'“:.1....1....1....1....1...,1...j: -YI_'l_,“‘I__I_eRt_(?EI ----- l.-l _f_:?_'_s“};g-—
%E '15 _________________ ~.§ VH, 2leptons =06 |+
Q= - = _—
05F = VH(bb), 8 TeV
3 : n=06""

C 2/dof=064

VH, 2leptons 1 =-0.3"17 |+

Comb. VH(bb)
k=02,
Signal u=1.0%0.5 u=0.2+0.5(stat) VH. Olepton 1 ';'bj‘g»it’fg'
S £0.4(syst) (TR sy
' " 10
Excess 2.10 (exp 2.30) 0.360 (exp 1.640  [VH, 2leptons 1=-04" |+
[po=0.36 (exp ]
0.05) ] {5=7TeV [Ldt=4.71b

f5=8TeV [Ldt= 203 fb" Signal sirength [u]

Upper u<1.89 (exp 0.95) p<1.4 (exp 1.3)

Limit on p Higgs Couplings, Mor|ond 2014, Eilam Gross 17




Direct Evidence for H>Fermions
Combining bb and Tt

Mbb [ u

U

TT

Combined fit
s

w

TT

Combined fit
[1~093,0,>20%

*p,=0.36(0.05)

19.03.14
obs(exp)
n=0.2"7 0.360 (1.64) F—1
=147 4.15(3.2) .
e ATLAS
[m =125.5 GeV]
1 =1.09""%  3.75(3.49) =
-0.32
1=1.00"""  2.10(2.3) =
1=078"""  3.20(3.7) el
' CMS
[mH=1 25 GeV]
1 =0.83""*  3.85(4.4) kel
02 A T N |
- -2 0

4
Signal strength

18



Direct Evidence for H>Fermions
Combining bb and Tt

ATLAS and CMS each sees a strong evidence for
Higgs coupling to fermions with a strength
consistent with the SM expectation

When combined the significance of the

observation goes beyond 502>
ATLAS+CMS discovered H2 1T

Higgs Couplings, Moriond 2014, Eilam Gross
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Comment: Fermions Direct: ttH
Probing the Higgs Yukawa coupling to top is of

an ultimate importance. m;,,/v-1.  Higgs won'
decay to tt, but one can probe directly the ttH
coupling by the Higgsstrahlung of Higgs off top
or tt fusion fo Higgs. The Higgs then decays to
bb or multileptons (from ZZWW or tt) with
extremely small 0 XBR.

ttH, H>bb

The final state is extremely difficult for it
contains 4 b-quarks and suffers from an
extremely difficult to control tt+HF BG.

(see talks on ttH by Cristina Botta and
Eve Le Menedeu )

Higgs Couplings, Moriond 2014, Eilam Gross 20



Measuring Higgs Couplings

L= k3 "ff H* Z ZMH + “mW W Wkl

(Cos O ZWZ“"’ n >W+u “")H

Z Ly ‘Z “LfF e Y SLiF | A

f=u,ct f=e,u,t

P A Y

Define the normalized coupling constants (w.r.t. the SM couplings)

217 SM
k2_ 1_11' kZZZkJFJ
FSM

Higgs Couplings, Moriond 2014, Eilam Gross
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Measuring Higgs Couplings
n‘ = Ep[‘up,uj%]x (07 X Br'), X AS" X eg’i X Lumi

gan we resolve the
egeneracy,

disentangle [,up‘ug;f”]

The degeneracy can be
broken by Earame’rerize
the strength parameters
with couplings and
iIntfroduce constraints which

reduce the number of p.o.i.
and allow reasonable fits.

2
k2 — ri k2 _ ZkJFfM

i SM H SM
FI FH

Combined
u=080+0.14

H— bb
n=115+0.62

H— 1t
u=110+0.41

H-yy
u=077+027

H—- WW
u=068+ 020

H— ZZ
u=092+028

CM
\s=7TeV,L<51

5 PAS HIG-13-005
b’ \s=8TeV,L<1961b’

CMS Preliminé
P, = 065

1 11

iy m,=1257 GeV

15 2 25
Best fit G/GSM

Higgs Couplings, Moriond 2014, Eilam Gross



Disentangling The Couplings

g 95
W, ww _
W/ __|:|_0____ h0 ‘uVBF o
g | [Hysetlge ]
q q e
‘LLBR o k2
L2 L2 ww 2 zZZ H
Hyge = kVBF - kaRSM T+ kZBRSM
The simplest non-trivial
model is (k: k) where all G\\;‘;\;V _ ké ' k\i
Fermion couplings are ww N 2 2
ebieibne o"(SM)  0.75k’ + 0.25k’

all Boson couplings to k,

Higgs Couplings, Moriond 2014, Eilam Gross 23



Disentangling The Couplings

arXiv:1312.1129v1 [hep-ex]

CMS

H— WW (all channels)

+0.20
olog, =0.72* 2%

212v + 0/1-jet

0log, =0.74" 05

212v + 2-jets, VBF tag

olog,, =0.60" 05

212v + 2-jets, VH tag

0l0g, =0.39" :::;

313v, WH tag

+1.27
olog, =0.56" ;5

497 (7 TeV) + 19.4 " (8 TeV)

T gt
ri

1 I I T

5.6 GeV

Best fit for o/o,,

1 2 3

49" (7 TeV) + 19.4 " (8 TeV)

v 2r— [ on
- H— WW (all chamiels) 7
- 4 Observed ]
- = 68% CL Observed 7
1.5 95% CL Observed N
- A Exp.for SM H I
- —— 68% CL Expected N
- - 95% CL Expetted B
1 —
0.5 i
0 ) | | | | I L
Ky
24
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Disentangling The Couplings

J Y
BTS00 Y ry WA ) o~ p
t Lo V:\_‘Nm. @'\\\' V‘y;?z l\.&\‘i\a N
t AN H > 2.~ H
1 o o, Y S, T
“, 2, & M,
' 900009000l 1 W o TNy g AV
g v v
k>(k, k)-k>(k, .k k. k)
b? bo™ o s '\
(0-BR)Y(gg > H —>yy)~———F——" —
k2 (k, k, k. .k k)
Note, couplings are dependent . .ry. propy — ) - ki K (KoK ki Ky
on the Higgs mass 0.75k; +0.25k;
kXK (k. k. k. k
o(VBF)X BR(H — yy) ~ — Y(j £ r 2v)
0.75k; +0.25k,
k2'k2
In the (kF, kv) benchmark: 0(ggF)x BR(H — WW ,ZZ) ~ 2F |4 .
0.75k; +0.25k,
k2.k2
o(VBF)x BR(H > WW ,Z7Z) ~ ——
0.75k; +0.25k,
k2°k2
o(VBF,VH)x BR(H — 17,bb) ~ —
0.75k; +0.25k,

Higgs Couplings, Moriond 2014, Eilam Gross 25



Summary of Signal Stren

Ig=7TeV, L<51|m" is=8TeV, L< 196"

CMS PAS HIG-13-005 |
Combined CMS Preliminary m,=125.7 GeV
u=080+014 P, =065

H— bb

u=115+062 -
H— 1t

w=110+ 041 &
H- vy i

n=077+027 .
H—- WW

u =068+ 020 — -
H ZZ A

=092+ 028 i

1 1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 05 15 2 25
Best fit o/GSM

"ATLAS bb is low but with large

error.

=[1.28k, —0.28k)/’

ATLAS- COQF 2014-009

ATLAS Preliminary
= .5 GeV

Total uncertainty
+ 1o bnpu

H- vy
-0.28

H — ZZ* — /Al
-0.35] . . ..

H-> WW*—> IvIv 050
— + .
100_029
Combined
H-yy, 2Z*, W}iv*: 135021 :
0.20| . . LK
W,ZH - bb 07
+
u= 02&6...{..“
H — 11 (8 TeV data only)
— +0.5 :
”_1A$4,,,j L.
Combined
H_)bb! U = 1 09+036 :
U032
Combined
-0.17 1

Vs =7 TeV [Ldt = 4648fb1'05 0 05 |

{s =8 TeV [Ldt = 20.3 fb”

Signal strength (u)

|
1.5 2

Higgs Couplings, Moriond 2014, Eilam Gross
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A comment on Interference

n ~k:(k, k) xk (k. ky) k2 =128k, —0.28k|

/ \ g \ If k,=-1 ggF slightly

.. affected
WW unaffected
Yy increases

Allowing negative k, is extremely important
Can be probed with tH

k> ~k’

Higgs Couplings, Moriond 2014, Eilam Gross 27



Coupling Benchmarks

To make reasonable fits we infroduce physics motivated scenarios.

Testing the compatibility of the discovered Higgs with the SM is fo
test also where is it NOT compatible, spotting where NP might

sneak in.

NP can appear in either the Higgs width and/or in the loops.

D KT + T + k2T

2 j=ZWibs
kH -

r, =k, +BR,T,

SM
1—1H
I', k, k, Scenario Comments
r,=kT) K (k.ky) K,k k)| SM  only SM particles in loops
T, =k, +BR, T, k, k, NP < m,,, could be < %
2 ~SM Wy
FH:kHFH ky kg NP > mNP>7
Y NP (not in the loops)
Uy =k,I'y +BR Uy K (k.k,) K,/(k.k,)| NP,

neither charged nor coloured

Higgs Couplings, Moriond 2014, Eilam Gross 28




Probing Custodial Symmetry

A, is expected to be
protected and consistent
with unity

Large deviations from 1
indicate new physics.

. 505.;%/"?';!’“.‘.”?” S 7QVEL %9‘??.8.2?%%‘.9.-6.f.b'.'
H- VV (0/1 jet) — Observed ]

— 45h B
< - Mz Kz A ----Exp. for SMH ]
Q\} 4.0:— - &

3.0F "-, -
25
2.0 : -
1.0f —
0.5) 3

Flllllllllllllll\\ f’l ||||| |||||||||||:
O'OO 0.5 1.5 2
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ATLAS | Overall
(NPNL) AfZ' kzz

profiled
CMS | Overall k,,K: . kW
(SM) | profiled lWZ o
12.03.14 VA
| Myz =094 ATLAS L,
| [0.73-1.0] cmMs |
2IIll1l.5lllll1llll-()|.5llll(l)lIHO!5|H|1HH1.|5HH2
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The Full Mon’ry I: SM

Generic Model I (ATLAS)

All couplings to SM particles are
fitted independently

k, and k,, assumed positive, fit is
sensitive to sign of k,/k,,

p.0.i k, k, kK k

-2 InA(xk

Loop & kg(kb7kt) ky(kb’kt’kr’kw)

ATLAS Prellmlnary
(S=7TeV, [Ldt=4.6481b"

/s =8TeV, [Ldt=20.3 fb"
Combined H— yy,ZZ* WW*tt,bb

O

T | L | T 1T
[KW!KZstJcUKl]

== Observed

= SM expected

Wldth 2 2 2 fo " ATLAS Prei e
k (k k k k ) #'T - 7TeVreII[.Tc]iltn ar:en,.s bl DwkzRprnd
ConStralnS K W FSM S B s=8TeV, }Ldt 203 fb™ = Observed

-High yy rate prefers negative ki,

k, =[1.28k, -0 28k|Sz

-The low measured bb rate doeS not
reflect the sensitivity for k, __

ATLAS-CONF-HIGG- 2013 14

8

ATLAS were unlucky

-The 5D compatibility with SM is 14%

N
I|||I|I||II|II

L Combined H— yy,ZZ* WW*t1,0b  ~

- SM expected

Kp
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The Full Monty I : SM

ATLAS-CONF-2014-009
ATLAS Preliminary ainty

m,, = 125.5 GeV

Model: x5, Kk, K,. K. K, .
p,,=13% .
k,=0.95"02 )
Ky, =0.68"339
«c[080-050] ____________ N bb makes 58% of
L[0.61,0.80] : \J . .
TN —— the Higgs width,
wetoron| A b rate
T e T measured low,
cl145.0671] . i | o ___________ pUHS a“
U[0.67,1.14] :
LA TN couplings down

-2 -1 0 2
5=7TeV |Ldt =46-48 " Parameter value

\5=8TeV |Ldt =203 b

Higgs Couplings, Moriond 2014, Eilam Gross

31



Vector and Fermion Cou lln _s |

The yy loop induces some i " &iiio.
SenSIfIVI'l'y 1'0 fhe rela'l'lve Slgn :cUﬂy,zz,ww,,bs ;'-SMeXpemed

= Observed

-2 InA(x

- \5=8TeV, [Ldt=203 10"

between k; and k,, N ;
The high observed H>ZZ {
pulls k,, up, .
allowing high YY rate .
and keeps K, posifive kel wemoo0zy ias
k; —|128k —028k| __________________________________________________________________
ﬁtted comments, KF— [0.71-1.11] — CMS
ATLAS &, | T,,=0 | 1.15£0.08
(M) ke | k) | 099%7 e
CMS  k, | T,=0 }[081,097] Kyl 081097 .—. cus
SM) k! k,A(k) ! [071,1.11]
ATLAS 1 Ky, | 08670 }\FV_ ey =0.8657, ey ATLAS
Oy V| prmed | O o
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Vector and Fermion Couplings

This plot tells a story:

ATLAS-CONF-2014-009

_|||||||||||||||||||||||||||||||||
4 ATLAS Preliminary
Vs=7TeV |Ldt=46-481"
3 Vs=8TeV |Ldt=203fb"

b""l""l""

SM — 2 E
No Tension 1 =
0:_H — E
= E
Tension o | Ho4l " H-bb-
Drlftlng :I L1 1 | L1 11 | L1 11 |'I | .I. | | | | I | | I | | L1 1 II I | | L 1 1 1=

06 0.7 08 09 1 1.1 12 13 14 15 16

apart
Ky
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Vector and Fermion Couplings
This plot tells a story:

CMS PAS HIG-43-005

Cormibined CMS Preliminary m,, s 125.7 GeV
u=080%0.14 | Pg,=0.52

Untagged
n=0.78+0.16

VBF tagged
n=1.02+0.34

VH tagged
p=1.02+0.49

tH tagged
p=-0.15+2.86

2
BTst fit o/,

vy 1s low (CMS)

uggF — k;

1.2
JLLVBF — "“VBF

CMS PAS HIG-13-005

CMS Preliminary Vs=7TeV,L<51fb" \s=8TeV,L<196 b’
o ¢ SMHiggs @ Fermiophobic @ Bkg. only
2 R —— _————
1
==

=

-2
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Minimal Composite Higgs Model

2 2
1-2
MCHM4 k, =k, =J(I-¢) e=— MCHMS Ky =——— ¢ €:v7
A{LAS CONF-2014-010 (1=€)
L 4 | | | | I | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
A2

ATLAS Preliminary

Vs=7TeV, fl_dt =4.6-4.8 fb

3 — Obs. 68% CL - - Obs. 95% CL
Vs=8TeV, ﬂ_dt =20.3 fb™ ' '

+ SM X Best fit

Combined h— yy,ZZ* WW*tt,bb — Bxp. 68% CL =~ Bxp. 95% CL
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o
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<
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<
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Probing the Fermion Couplings Asymmetry

In models BSM (e.g. 2HDM) there ATLAS-CONF-2014-009
. - T A R AR R R RN R RN R
IS an asymmetry between K, and <° 1o ATLAS Preliminary Dydgkad
k. (u=c.t: d=b € [ (s=7TeV,[ldi-asast’ 3
d (u=c,t; d=b, T ) or - Vs=8TeV,|Ldt=2031b"
- Combined H—> yy,ZZ* WW* t b ~~ SMexpected -
k, and Kkq - Combi Z W o

The direct measurement of the
Higgs couplings to b and T
together with the direct (ttH)
and loops induced coupling to top
allows to measure A,

Measurement of the coupling fo

allows a measurement of A, The small asymmetry is from

bandt interference in ggH loop

The future will bring the Muons Avanishing-coupl'ing e
and the ttH into the game and downtype fermions is excluded

improve the measurement at the ~3.60(~40) ATLAS(CMS)
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Asymmetries in Fermion Sector

CMS are using a SM-like model
while ATLAS are using an NPy,
model

fitted i 68% positibe C.I. i p.o.i
ATLAS A, | [078,L15] | A,.Ay, .k,
(SMy) Ay | (099151 1 A,k
CMS A, ' (L1611 Ak,
(SM) A, | [089.162] | A,k .k,

12.03.14
ATLAS Ag>0
Ay, |- [0-78-1.15] —
CMS
Ay, |- [1:0-1.6] L
ol b b b B
-1 -0.5 0 0.5 | 1.5 2
Coupling scale factor
12.03.14
ATLAS
D\‘Iql | [0.99-1.5] —_—
CMS
}\_Iq L [0-89'1 .62] |__|
| L [ M S B
1 -0.5 0 0.5 | 1.5 2

Coupling scale factor



Simple MSSM Interpretfation
m, >400 GeV fortgf3 >?2

ATLAS CONF 2014 010_
@10 LA [ O | D N I N Y N I AN BN Y A B

tan

ATLAS Preliminary
Is=7TeV, f Ldt = 4.6-4.8 b

ls=8 TeV, f Ldt = 20.3 b

Combined h — yy, ZZ*, WW*, tt, bb

Simplified MSSM [k, K, K

---Exp. 95% CL —Obs. 95% CL

9
8
7/
6
)
4
3
2

1
Q

LN 11. th\M\/R/\.M =i 1V
200 300 400 500 600 700 800 900 1000

m, [GeV]

%
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Probing the Beyond (kg,ky)

Higgs Couplings, Moriond 2014, Eilam Gross

Scenario ky(k;) | k, (k. ky) | k,(k.k,)| k. | k, | p.o.l
(k,.k,) (NP>) [ X X =1|=1|k.k | AC
ATLAS-CONF-HIGG-2013-14 12.03.14
||||||\II‘I||||\|\Il\lllll\llll\llllIlll\l\lf|||7
~ ATLAS Preliminary + SM = K. = 1.08+0'15 ATLAS
— Vs=7TeV, [Ldt= 4648 1" « Best fit EN T 013 e
- Vs=8TeV, [Ldt=2031b" — 68% CL E
- Combined H— yy,ZZ* WW* t7,bb --95%CL E
E_ _E Kg - [0-73'0.94] | T— CMS
A e = _ +0.15
; \\\k\ \\\\\ é K,Y - KY — 1-19_0-12 |_._I ATLAS
:Illlllllll||||J|lllllllllllllllllllIJlllllllllll_:
809 1 11 12 13 14 15 16 17 18 K [079-1.14] —— cms
KY 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 1
0 05 w 15 2
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Probing the Beyond (kg,ky,Br; )

Scenario ky(k,) | k, (k. ky) | k,(k.k,)| ke | k, p.o.d
(k,.k,) (NP<) | " X X =1|=1| k,.k,,BR,(*) | A,C
| 5. s Preiminay s =7Tev L5t Is-BTeV L1960
= 456 Ky: Kg BRBSM = (Observed
§ 4'0_ - Exp.forSMH |
fitted ! k,.k,,BR,, 350
i 3.0F
ATLAS k| 1.107%)7, »5E
k, | 1.1970 0% 2.0F
BR,, | BR.,<041(exp0.55) | 1.5
i 0.5F
ky I -
I N0 SR Lobivovay [N . ENTEEREEE [INTEEEREE,
BR | BR <052 0 02 04 06 08
iU : iU . BRBSM
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The Full Monty II (The Mother of All Models)

ATLAS Preliminary

Generic Model II (ATLAS)

Release constrain in SM width ™= AT REEONF-2014-009

to allow BSM contributions.

Replace loop induced
couplings by effective couplings,
KgrKy

All couplings are fitted
independently

p‘O‘l lWZ’Z’tg’)‘bZ ’)'TZ’A’gZ ’AJ/Z ’KgZ

-No sensitivity to relative sign
-Poor sensitivity to top coupling

-The 7D compatibility with SM is
21%

Total uncertainty

nalll (0] + 20
Model: &5, Az, A, Az s Ao Kz :
p,,=21% ;
A__1=1.02%017 ;
1Z -0.14 l R
_ +0.15 [
I)\WZI_O.SO_OA14 ; —
I | A
04| E
|’“bz|—0'3_0_3' I -
- 022 |
I/LTZI_O.E)O_OJB: ________ . I —
- 022 |
IAQZI_O.73_0_16. — [ B —
T +2.2
Intgl_O.OﬂO_ -l -
o 1017 |
h\gzl_1.18_0_16. RS ‘ R S—
0 0.5 1.5 2

E=7TeV |Ldt=4648Mm"
5=8TeV [Ldt=203 "
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The Full Monty III (Cé)

Generic Model III (Cé6)

(CMS) CMS PrelimifdAp PAS HIG-13gW8go, cL
Replace loop induced : =
couplings by effective R
couplings, kK Kk, f
. Ky .
All couplings are fitted :
independently K, -
The width is not :
allowed to have BSM K
contributions (NP>) ,
Kg —*:—
P.0.1: kv,kb,kf,kt,kg,ky K| —— o7
Generic Model III (CMS) BRggy [ky<1] p,, =088
lllllllllllllll llllllllllll llllllllllll lllllllll

The C6 model, same as
generic model II, but
constrain k=K,

{s=7TeV,L<51fb" ys=8TeV,L<19.6 b’

005115 2253 35 4 45 5
parameter value

Higgs Couplings, Moriond 2014, Eilam Gross



Some (still) Rare Decay Channels

Zy Y — pu
ATLAS — ,, <11(9) i, <9.8(82)

CMS p, < ~10010) u, < ~11(8) u,, <7.4(5.1)

ATLAS-CONF-2013-072
B L L L L L L
" ATLAS Preliminary ¢ data syst. unc. :
L gg—>H NLO+PS (PowHEG+PY8) + XH ]
gg—H+1j NLO+PS (MiNLO HJ+PY8) + XH—:
==+« XH = VBF + VH + t{H 1

o
w

Differential Cross
Sections (H2>yy) :
H—yy, \s=8TeV A

dG 0.153— '[Ldt=20.3fb'1 —

o,/ dp, [fo/GeV]
N
(9]

o
N
T T T T T 1

- o ]
d™ ] :
0.05F R R .
Pr S z
ot | 1 fﬂ“% e
8 6_ | | T T T | T T T | I T T | |
s
i‘-g 4+ IS S
2

1 I 1 1 l I I ] | l 1 1 [ | 1 l |
40 60 80 100 120 140

Particle level P, Wi [GeV]

OO
N
o
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l)tbb
Combined fit

Moo
Combined fit

(~10,0,>12%

Conclusions 1

19.03.14

w= 1.5703

-0.28

_ +0.40
W= 1'44-0.35

_ +0.32
w=1 '00-0.29

- +0.5
W= 1'4-0.4
- +0.7
M — 0.2_0.6

_ +0.18
p=1 '30-0.17

ATLAS

[m =125.5 GeV]
—_—

11 1 1

= 0.77'°%

-0.27

_ +0.28
W= 0'92-0.28

- +0.2
n=0.68""

_ +0.41
W= 1'10-0.41

_ +0.62
W= 1'15-0.62

W= 01.80+°'14

CMS =

[m =125.7 GeV]

ﬁ
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044 |y b v v b v b
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Conclusions

19.03.14 ‘
— Myz=0947,)  ATLAS 0 b—ed
— [0.73-1.0] CMS

0.17
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| 0.14
Apy = 0.867 1, ATLAS
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Conclusions III

In two years the "discovery of a scalar particle compatible with a
SM Higgs Boson” made a phase transition into “precsion
measurements”

The Higgs moved from the “search” regime to the "SM” regime

The more luminosity collected (so far) it does not reveal a new
face, it is remarkably compatible with a SM Higgs

The Higgs revolution has just begun and we look forward fo better
measurements and new searches that will reveal hopefully either
new particles or significant deviations from the SM. But life is
becoming more demanding......

We thank the LHC machine feam that enabled us to experience a
once in a physicists lifetime experience!
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Discovery Channel H"?WW.

H->WW->lvlv

TT

LB L L T
ATLAS -~ Data 201142012

TTTT

> =

. (95 8005_\3:7_[_6'\/ ILdt=4.6fb'1 %4 Total sig.+bkg. —é

A challenging channel; 5 700 vs-sTev [lat-co7ipt [ SMHosebonn 3
No mass reconstruction (mTmll) g [\ 2t @ E
Dominant BG WW and tt s00f- : Worew
- ingle Top -

Understanding Etmiss tails crucic % ol
200 =

BG from DATA control regions 1005 3
Analysis in categories: 2 190 ¢ Bigsubaceddaa
. cIU 60 D SM Higgs boson m = 125 GeV—;

(0,1,2 jets VBEVH)X(SFDF) g :
2 4, M

60 80 100 120 140 160 180 200 220 240 260

my [GeV]

, , Phys. Lett. B 726 (2013), pp. 88-119
Most important systematics from signal cross section

(QCD scale, PS and UE, total >10%)
1™ =099 385(3.80¢exp) @ m,=125GeV ATLAS

u" =072"1 430(5.80exp) @m,=125.6 GeV CMS
CMS: J. High Energy Phys. 01 (2014)
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Scenario ky(k,) | k, (k. ky) | k(k.k,)| kg k, p.o.1
Custodial (NP,,) | - V v V| x Ay My ok, A
Custodial (SM) v v v V| x Ay Ky K C
(ky,k,) (SM) v v v N | k. k, A,C
(k,.k,) (NP,,) — v v N | N Y A
Generic I (SM) v v v x | x| ky.k,k.,k,k | A
Generic II (NP) — X X X X | A, A, A A A LA
w/d (SM) v v v k .k, | Ak, k. C
/g (SM) v v Vo Kok, | Aok ok,
ul/d (NP,,) - V v k .k, | Ay s P sk A
0/q (NP,,) — v Voo kk | N A Ak,
(k,.k,) (NP>) v X X =1 | =1 k, .k, A,C
(k,.k,) (NP<) V'’ X X =1 | =1| k,.k, BR,* |AC
C6 (NP>) v X X — | V| k,.k ke kK k| C




Measuring Higgs Couplings
n o = Ep[upuj% % (07 x Br')g, x AY' x €5 x Lumi

The degeneracy of [,u”,u;R] can be broken by parameterize the
strength parameters with couplings and introduce constraints which
reduce the number of p.o.i. and allow reasonable fits.

218
k2: ri k2 :ijrjM

Examples: @ m,=125.5 GeV

K,% ~ 1.59- K%V —0.66 - KwkK; + 0.07 - Ktz (t, W) interference
ke ~ 1.06-x7 —0.07 - kxp +0.01 - (t b) interference
Kopgp ~ 0.74-1% +0.26- 15

Ky ~ 0.57-x% +0.22- K5 +0.09 - +0.06 - k7 +0.03 - x5 + 0.03 - 7



