


After the discovery...

® Is the new boson responsible for the

electroweak symmetry breaking?
e Does it provide masses to the fermions and
bosons?
e |s it the Higgs boson predicted by the SM?

® Transition towards the measurements of the
particle's properties

e Rates and couplings

e Spin and Parity

® Compatibility with SM couplings
e Fermion/bosons
e Custodial symmetry

® Presence of BSM particles S S,

INTERACTIONS WITH SHORT RANGE FORCES

e can contribute to loop-induced processes AND
e can contribute to the Higgs boson width




Channels Investigated

Almost full luminosity used LHC Run | : ~5fbt @ 7TeV + ~20fb-t @ 8TeV
in almost all channels Tevatron Run Il : ~9.5fb! @1.96TeV
CMS
ggF VBF VH ttH
YY
Z7Z->4]
WW=>Iviv
TT
bb
goF, ttH : Fermion couplings VBF, VH: EW Vector Boson couplings

@ Productions disentangled from other activities in candidate events 5



Channels Investigated

Almost full luminosity used LHC Run | : ~5fb1 @ 7TeV + ~20fb1 @ 8TeV
in almost all channels Tevatron Run Il : ~9.5fbt @1.96TeV
Channel . Lumirmsit}r My range
(1) (Gev/e?)
W H o frbb 2-jct channcla 4 (b b-tag cotegorica) .46 00 150
WH — fubb 3-jet channels  3x(2 b-tag categories) 9.45 90-150
ZH — vibbh (3 b-tag eategories) - 0.45 90-150
ZH — £V bb 2-jet channels 2x(4 b-tag categories) H — bb 9.45 90-150
ZH — ¢YE bb 3-jet channels 2x (4 b-tag categories) 0.456 90150
WH + ZH — jjbb (2 b-tag categories) 9,45 100-150
ttH — W+bW bbb (4 jets,5 jets,>6 jets)x (5 b-tag categories) 9.45 100-150
H = WIW 2x(0 jets)+2x (1 jet)+1x (=2 jets)+1x (low-mee) 9.7 110-200
H — Wty — (e—'rhm}—l—[p.—rhm} 9.7 130200
WH - WWTHW~  (same-sign leptons)+ (tri-leptons) H — Wt 9.7 110-200
WH— WWTW ™~  (tri-leptons with 1 Thaa) 9.7 130200
ZH — ZWTW—  (tri-leptons with 1 jet,>2 jets) 9.7 110-200
H— 77~ (1 jet)+(=2 jets) H vt 6.0 100-150
H — 4 1x(0 jet)+1x(=>1 jet)+3x (all jets) H — vy 10.0 100-150
H + ZZ (four leptons) H +ZZ 0.7 120 200
Channel m Luminosity my range
(1) (Gev/e?)
WH — évbb (4 b-tag categories) < (2 jets, 3 jets) 9.7 90-150
ZH — vibb (2 b-tag categories) H — bb 9.5 100-150
ZH — iYfbb (2 b-tag categories)x (4 lepton categories) 9.7 90-150
H S WEW— 5 2ufFu (0 jets,1 jet, =2 jets) 9.7 115200
H + X - W+W— — pForiE v 7.3 115-200
H— WTW ™ — fjj (2 b-tag categories) x (2 jets, 3 jets) H— W+w— 9.7 100200
VH — e p* + X 9.7 100-200
VH - B+ X 9.7 100200
VH — £pji37 (=4 jets) 9.7 100-200
VH — ThaaThaapt + X b — 8.6 100-150
H+X 87T jj H—otr 9.7 105-150 4
H — vy 9.6 100-150




ATLAS-CONF-2013-108

Observation of H2>t

® ATLAS and CMS announce the results of their
searches in the tt channel

® Unambiguous observation of coupling of the Higgs
particle to fermions

Run: 214021
Event: 269834309

H — 1,,,Th.q Channel in the VBF. category
2012-11-05 08%98:46 UTC ..

® Observed
(expected) signal
significance:

o ATLAS :

410 (3.20)

e CMS:: \_ i R

3.40 (3.60) R ~ 1A EXPERIMENT



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
http://cds.cern.ch/record/1528271/files/HIG-13-004-pas.pdf
http://cds.cern.ch/record/1528271/files/HIG-13-004-pas.pdf
http://cds.cern.ch/record/1528271/files/HIG-13-004-pas.pdf
http://cds.cern.ch/record/1528271/files/HIG-13-004-pas.pdf
http://cds.cern.ch/record/1528271/files/HIG-13-004-pas.pdf
http://cds.cern.ch/record/1528271/files/HIG-13-004-pas.pdf
http://cds.cern.ch/record/1528271/files/HIG-13-004-pas.pdf

Probe Production Rate

® p=olog, determined with a profile likelihood ratio fit with a fixed mass hypothesis
® ATLAS:p=1.23x0.18, CMS: p=0.80£0.14

e not including latest results in fermionic decay channels
C = 0.59
® Tevatron: p=1.447>9 ..

@ additional tags to select preferentially events from a particular production mode.

e overlaps exist, purity depends on the channel itself (20-50% gg->H contamination in VBF)

® used to test the relative strengths of the

couplings to vector bosons and top

H- vy
Ho WW
H- 17

VH— Vbb

Tevatron Run I, L _ < 10 fb”'
m,=125 GeV/c?

I Combined (68% C.L.)
-l Single channel

0

| | | | | | | |

1 2 3 4 5 6 7 8 9 10
Best Fit (o x Br)/SM

Combined
p=080+014

H— bb (VH tag)

H — bb (ttH tag)
H— vy (untagged)
H— vy (VBF tag)
H— vy (VH tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H— 1t (01 jet)

H — 71 (VBF tag)
H— 1t (VH tag)
H— ZZ (0/1 jet)
H— ZZ (2 jets)

4 2 4

Phys. Lett. B 726 (2013) 88

PRD 88, 052014 (2013)

ys=7TeV,L<51fb" ys=8TeV,L<19.6f"

CMS Preliminary m, =125.7 GeV

P, = 0.94 -I-—

+
. m

— .

=

Best flt 0/0
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http://www.sciencedirect.com/science/article/pii/S0370269313006369
http://cds.cern.ch/record/1542387/files/HIG-13-005-pas.pdf
http://cds.cern.ch/record/1542387/files/HIG-13-005-pas.pdf
http://cds.cern.ch/record/1542387/files/HIG-13-005-pas.pdf
http://cds.cern.ch/record/1542387/files/HIG-13-005-pas.pdf
http://cds.cern.ch/record/1542387/files/HIG-13-005-pas.pdf
http://cds.cern.ch/record/1542387/files/HIG-13-005-pas.pdf
http://cds.cern.ch/record/1542387/files/HIG-13-005-pas.pdf

Coupling Measurements

@ Several production and decay mechanisms contribute to signal rate =2
Interpretation is difficult

@ A better option: measure deviations of couplings from the SM prediction
(LHCXSWG YRS: arxiv:11307.1347)

e series of benchmark parametrizations

® Basic assumptions:
e there is only one underlying state at m;=125.5 GeV
e width of the Higgs boson is neglected - oi - Tg
(narrow-width approximation) for decoupling (0-BR) (it = H = ff) = Tr
production and decay

e same tensor structure of the SM Higgs boson : J°P = 0** (tested independently by
ATLAS/CMS/Tevatron)

only allow for modification of coupling strengths
® Under these assumptions all production cross sections and branching

ratios can be expressed in terms of a few common multiplicative factors
to the SM Higgs couplings

2 SM . 2,
—K; I‘Jf - 0. =K,

1 1

y R ¥
r,-x, Ty T,

- 9
ATg

2

® Example: oc-BR(gg—>H-vyy) = osm(gg = H)-BRsgm(H — vy) - "
H 7



Coupling Modifiers

@universality of k's for fermions and gauge bosons k= k= k= k, k= k= k;
can be assumed

: : K K
@scale factors of loop induced couplings , 8 Vo
(k,, k,) and the total width k, can be treated i S L P
effectively (allowing for possible additional 't H T,

particles)
@ ... orcan be expressed in terms of

fundamental factors Kyys kz, K,. gassumlng the SM contents)
® total width :>K ~ 0. 75K‘ + 0. 251(‘

Kp(Ky,K7,K,...) K (K’_*,K&) Kr(]fr,i‘fw,...)

@photon vertex loop H->yy mediated by W and fermions (mainly top)
—>sensitivity to relative sign between k,, and k. from the interference k, k. term

- k,, assumed positive > >

.. \"7 N ¥ ~ 2
- two minima N S

o 5 . H . H
__._@ AFX—_._<]’F + Avx__._‘iév
A Ky Lia

1
8 %] 17|
g . %

[

~

Y Y

K3 » 0.07 K% — 0.66 KpKy — 1.59 K7 3



Fermion versus Vector Boson ™* 26(20(3”8)
couplings

®Assume no BSM contributions to the total decay width and
photon/gluon vertex loops

e|nterpret gluon and photon loops in terms of tree-level couplings to top,
bottom, W ...

Best fit prefers positive couplings, good compatibility with SM
seen

“ I TevatronRunll,L <10fb"’
CMS Preliminary S=7TeV,L<51f" s=8TeV, L <196 f" 6 , int
T A i e [ 1o T _ i i N r * Local maxima A SM
A 4F ATLAS LiH—=4l T iH—> vV L ¢ SMHiggs ‘. Fermmphobp O Bkg. only I W escL " gswClL
F \s=7TeV[Ldt=46481b" iH — vy @ Combined | 2 I 4k
35 s=8Tev[Lat=20.710" + SM x Best Fit 1 - i Az =1
-~ 1 ‘ |-
2 =R
1E ] i
oc
0; — L
1_ ey . o = /\ — :
- / Hodl 7 1 1L
20 f / = =
NN IS SFRPRPINN| (VI AP IEEIrIN I R A BT IR i s
06 07 08 09 1 11 12 13 14 15 16 2
Ky K\




Fermion/Vector Boson
couplings with looser assumptlons

3 ATLAS + SM

® no assumptions on the total width I, (67 ToV Lt - 4.6-4.8 b % Best it
. _ _ _ _ Vs =8 TeV [Ldt=20.7 fb" —68% CL

egives strong constraints on the fermion coupling kg SINCe 21 combined Hosyy, 22, Ww* "+ 95% CL

dominated in the SM by the sum of fermion terms 1 .

eratios of coupling scale factors measured, free parameters:
Kyy=KyKy/Kyy s Apy=Ke/Ky

*68% CL intervals : , A.,=[0.70,1.01] k= [1.13,1.45]

i
I I S S N G

_I\III\I\|IIII|\I\I|I\I\|\L
1
'

06 08 1 12 14 16 18

e Ay = 0 (no fermion couplings) strongly disfavored Kyy
®no assumptions on ', and on H->vyy content e

> : c EAnjéﬁ\“J‘“""H“";“"5

*H->7y loop can be a sensitive probe of BSM physics < :—\s=7rev,f$tm="ﬂ.y4.s ool
and account for possible different interference between & f 's=8Twlla=132071" - SMexpected
vector bosons and fermions 5F H>y free / E
%\ o

ofree parameters Ky, Agy, A, =K /Ky a\
3F , % =

eNO sensitivity to the relative sign between fermion and 2f / E

: 5 & ol g

vector boson couplings NI ol

4 . 1 1.2 1.4 1.6 1.8

<

= > I



CMS-HIG-13-005
PRD 88, 052014 (2013)

Probing the W to Z ratio (custodial symmetry) - |

OQAIAQ/PZZ,WW. Ke fixed to SM All channels. k¢ profiled

© SM requires Ky, = K; 2 SO R 5 OpIEES Er e Pt
® Free parameters: D I I Y - S NS AN :
Az =KnlKz K K a5 Ry '-. ,:' i
® CMS |
e only H>ZZ, WW in 0/1 jet categories 22: "-.‘ 1 25 E
ratio Ay,=Kky/K; model independent, s ] fg: '.‘ E
production dominated by gg—>H 1.0F o L ]
account small VBF contribution > k, 05; 1 osh E
treated as nuisance parameter, Kg=1 09y gE T e 0'05""""6'5““‘ :\1/7.‘.‘.‘1._‘5‘..‘.‘.;2
Ay =[0.60,1.40] @95% CL Moz (1 = 1)N | A
¢ all channels w _ Tevatron Run Il, L_ =10 b
Assuming SM content in the yy loop and using VBF+VH [ ¢ Localmaxima - 4 SM
production, kg profiled 23_.68% o D?:;O::g
Ay = [0.62,1.19] @95% CL :
L
® Tevatron E
e allow both K, and K to vary independently of
o Ay, =1.24+*234 . @68% CL :
*(K\y» K») = (0, 0) corresponds to no Higgs production/decay in the r
most sensitive search modes not included in the 95% C.L. region bl
due to the significant excess of events @125 GeV T



Phys. Lett. B 726 (2013) 88

Probing the W to Z ratio (custodial symmetry) - |l

® Three or four free parameters Kzz = Kz -Kz/KH
* ) absorbs BSM effects in H>yy loop Awz = Kw/kz
e no assumptions on the total width I, Mz = ky/Kz
Az = Kr/¥z
® ATLAS
e 68% CL results Awz = 080015

Awz € 10.64.0.87] Az = 1.10+0.18
?L.FZ c [—089,—055] lFZ _ 074+3;1’._},

non-SM local minimum
preferred for A, but the other local

. . . . e [1.20,2.08 _ +0.5
minimum is compatible with SM *zz [1.20,2.08] kzz = 1.5
at ~1.5¢ level

R 10'— I UL DL L B —

~N

= _E ATLAS (S _—" 1 n W

% 9§ & =7 ToV det=4.5-4.81b" __Combine d* N "f-g oF ATLAS PIrellmlnary . [xwz,lﬂ,lﬂ,xzz] =

= 8F det—207fb" H-oyy, ZZ°, WW* 3 < 8:— \s=7TeV,]Ldt=4.6-4.8fb — Observed E

8 LE \s =8TeV JLdt = 20. -- SM expected E P - \s=8TeV,|Ldt=13-20.7fb" -- SM expected E
- E R 75 =
6F E 6F Allowing for E
S E 5F deviations in H>yy N
‘ E 4F \ /
°F E 3F =
i3 E 2k E
1§-I A : 15' ;
o= L L El PRI BTN R N
0.4 16 004 14 16

Mz | . A 12

WZ


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-034/

Phys. Lett. B 726 (2013) 88
CMS-HIG-13-005

Test for BSM Physics in Loops

® SM processes at 1-loop particularly sensitive to anomalous new physics effects

® Two options to probe BSM contributions:
1. release assumption of only-SM content in Higgs production loop
fit effective coupling k, , K, but fix other tree level parameters to SM (k=1)
assume no BSM contributions to the total decay width
2. release assumption of only-SM contributions to Higgs width I, (next slide)

® Effective couplings to gluons and photons in good agreement with SM

CMS Preliminary {s=7TeV,L<5.1f" {s=8TeV,L<19.61b"
TTTTTTTT TT T T T 7 TTT TT T T TT T TTT

& j""w‘"\"“""w‘"""|""|“"""tf’z-ol rrr RERERRRRRN
o of ATLAS + SM = 180 Ky Kg E
® ATLAS @68% CL .- \s =7 TeV [Ldt = 4.6-4.8 fb” x Best fit E T ]
_ - \s=8TeV [Ldt=20.71b" —68%CL 1 16 E
¢ kg = 1.04+0.14 1.8~ Combined H—yy, ZZ*, WW* ~95% CL E 1.45 g
e k,=1.20£0.14 18} =R ) ]
@ CMS @95% CL 14? E 10;_. ___________ /// “\\.\“-__.... _;
e k,=1[0.63, 1.05] 1-21: EREE SANG \) RO
° ky = [0-59, 1.30] E E 06;_ .............. :‘T _T-_-"—_—" ---- _.': _:
0.85— _E i E
O.GT —] C ]
H | L I N R N B I = 0.2~ E
0 8 0 9 1 1 1 1.2 1.3 1.4 1.5 1.6 1 _7 0.0_\ I B B | | N ‘ I | | L]
K 0.0 0.5 1.0 1.5 1%0
Y



ATLAS-CONF-2013-034

Test for BSM Physics in Decays """

® direct invisible decays or decays into final states that cannot be
distinguished from background

@ the total width I',, Is parameterized with additional BR,,, ,qet

® free parameters K, , K, BR,, ;4e=BRgsy Ty = TSM 4 TBSM

I I I _ 17BSM

® BSM I',, contribution constrained BRinv.undet. = LooM /T
Yt e AL CA LA AT L
T A Pk, K, BR._. e ]
RN ATLAS Preliminary [, B, ] | E i 45 U0 B Observed 2
< 82_ Is=7TeV,|Ldt=46-481"  — Opserved E ~ 4.0F - B forSMA |
o - |s=8TeV, Ldt=13-20.7fb"  -- SM expected 3 : 3 55_ E
7E , 3 = ' ]
3 A 3.0F BRgg=[0,00,0.52] =
5;_ BRinv,undet< 0.6 @ 95% ,/' _% 2.5;— @95%C —i
A (expected. 0.67) E 2.0F =
3 = 1.50 E
of E 1.0 ca
1 > o5 3
0E \"Mlll|llww‘l\\l‘\ll\‘l\\||||||||zl OO:-\’I‘I’III,\Ill ||||||| [FNEEEE I [FEEERREEN IR REEN, ]
0 01 02 03 04 05 06 07 08 09 0 02 04 06 08 1

B.

Lu

More information on Higgs = invisible in Justin Griffiths’ talk 14



A more general parametrization S HE A0 0

@custodial symmetry: K, =K, =K,

®the couplings to third generation fermions are scaled independently by k,, k,, k.
@effective couplings to gluons and photons, induced by loops, given by k, and k,
@®the partial width can be I'gg,, zero or free 6 or 7 fitted parameters

® no statistically significant anomalies with respect to the SM hypothesis

liminary {5=7TeV, L<5.1f" s=8TeV,L< 196"

5 OCMS Preliminary {5=7ToV,L<5.1 " (5=8Tev,L< 1068 2.0 ?E‘Sf?"cll:':?':"‘lé :'i':TIE‘V;(‘L'S' i E .
o o ey s — 3
_CI 4.5 Ky» Kgs Ky, Ky Ky, KlI — Observed asf T ' Obsarved 1 4,
= 4.5 1 B E : ----Exp.for SMH | :
Jaok ----Exp.for SMH |2 4;0:— A =S : CMS Preliminary {s=7TeV,L<51f"' ys=8TeV,L<19.6 "
. O F 3 350 i ! 4 a5 ' 1 50_ ||||||||| [TTTTTTTTT [TTTTTTTTIT [TTTTTT AN RERERRNEE n
a5 E : i ENS ' 5 ]
: 3.0 k i 4 30- } k 3 € 45 Ky, Kg Ky=1, — Observed
“E 25k f 3 2sF ; 3 ~E oK, K, K, BR ]
25 \' 157 Y ] g/ < | "Rt TUBSM o Exp.for SMH |
ook 4207 : i 1 20 E o 4.0 - H
1'55 150 " 7 18- } 3 ! E
~E ; 1.0F : 1 1.0F : = 3.5 =
1.0F - - = F \. E E H ; F
E ’ 1 05F \ 4 05F % 3 O: K
0.5- N\ 3 oot e NA a9 g B N M .
00N L d T o5 1 15 2 25°%% 05 1 15 2 25 E :
r SHOCMSPM‘-:{::Y f5=17TeV, :sswuf‘ .Z:l‘sTE\LLsm,ﬁm") SOCMSPM\mmary f5=7TeV,L<51 1" \I‘s:alev,st.a‘rrn‘ U Kg 25f [0.00,0.64 '@ S)S% CL ]
) i e A AL e 1 e e e e e I
£ 45 Ky Kg Kyo Ko Ko Ki [ —Observed |7 4 57va Kg Ky: Ko Koo Kt [ Observed || . 5_1(‘..,‘ Kg Ky, Koy Ko K| | — Opserved 50 E “_a
< ; —-Exp.forSMH 1 © 1 ¢ f Ve 4 7
“.‘ 4.05_ . xp. for S 40b Exp. for SMH ] 4.0; --'--EXP-IorSMH E E 3
CR < 350 7 35 3 1.5F -
3.0 : ( / 3 30- k 4 30° k 3 1 0F
25 ; T EREYS b 3 25: t E M
20F 4 : 3 g 1% ] c
i ‘ : 20 , 20, ; ] 050 A
“F i ) 1 155 ) 4 155 E c
1.0F . - 3 £ \ ! E E / E| D tSi001 1 [N A loivining [ PR [FEEEEREET)
05| \\ N ] 0 02 04 06 08 1
0000‘51 - ““1‘5 é25 {).(]E """ bbb | 0-5;"“-&' I L L BRBSM
: : : 1 2 E) O T T 15
Ky, K,



Summary of Coupling Measurements

« different sectors of the new boson couplings tested, all
measurements are consistent with the SM Higgs hypothesis,

Including
« couplings vs mass
« fermion universality

« ratios of the couplings of down/up fermions (A4, = k4/k,) and of
leptons/quarks (A, = ki/k,)

Is=7TeV,L<51f" ys=8TeV,L<19.6fb"

CMS Preliminary i 68% CL
== 95% CL

-
K '
f *I _
*:

Poy = 0-41

'*
Ay ' p_ =0.39

al ;psm:mg
Ky e
BR T_ =0.41
BSM I 1 1 L I 1 1 I 1 1 1 I 1 1 1 1 pISh[q 1 1 1
0 0.5 1 1.5 2 2.5

parameter value

ATLAS Total uncertainty
my, = 125.5 GeV + 1o + 26
vl | -
Model: i ' \/ 19
Kys Kg N\ :
Ke| %
N e
I = !
Madel: 2 |
Aeys Kyy PVl
| i
Model:
Az l’yz’ 1'wz _
AFZ’ K7z i | RN 1]
Model: Lo N
Kg, K}. . :
&l :
| l N / 19
-1 0 1
\s=7TeV [Ldt= 4.6-4.81b" Parameter value

ve—g8TaV [1dt = 20 7 k! Combined H — vy Z7* \W\W*

o T T T

:’%‘ | |=—68% CL

D 4L |—95%CL b

5 f wZ.Ag"
107F =

CMS Preliminary {s —7TeV,L<5.1f" Vs -
T T T T T 117 T T T T

8TeV,L< 196 f”
—

b
T ) ’
i L IIIIIII| 1 IIIIIII| 1
1 2345 10 20 100 200
mass (GeV)
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Conclusions

Outstanding LHC and Tevatron performance allowed to test the
fundamental properties of the discovered Higgs boson

The compatibility of the measured yields for the studied channels with
the SM prediction is tested under various benchmark assumptions
probing salient features of the couplings

No significant deviation from the SM prediction is observed in any of the
fits performed

LHC Run-I accuracy achieved is ~20-30%

LHC Run-Il and HL-LHC will bring more statistics to improve the current
measurement but also open new channels

e Top Yukawa direct measurement with ttH
e Couplings to 2nd generation fermions (M)
e Higgs self-couplings (HHH)

- More information on “Future prospects for Higgs measurements” in
Hubert Kroha' talk
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Production/Decay Processes (backup)

- Higgs decays :

s ZZ->41, WW, bb
_‘1022. — 33 . — T yy’ y y ".C
g F Ns=8Tev 3} 107 T geh TeVII 4
; _; o] E B E 1: T T ‘bB‘ —T T — T T T \_EE
+ —§ [ 2 C EH
T ] 8 18
g ] g :
B +1g7
e 3 |:|:‘Io E
3 o ]
3 * 1
] 9 ]
. >
£ |
E 102 E
1000 —7 |
M, [GeV] 10° 200

q W.Z 4 m t
Leptons, missing ET or ttH
g H®  Jow-mass dijets from Two top quarks: leptons,

W, Z bremsstrahlung W or Z decays missing ET, multijets or

b-tagged jets
VBE t T fusion
wo  Two high p; jets with - ¢ s
high-mass and large - t £
PR pseudorapidity separation : the rest
WW, ZZ fusion g g fusion

EW Vector Boson couplings Fermion couplings




Statistical Procedure

Construct likelihood from Poisson probabilities with parameter
of interest (signal strength 4 in this case):

L (datal 1£,6) = Poisson(data | p-s(6)+ b(@))x p(é | 9)
L signal strength; 6: 'nuisance' parameters (efficiencies...)

| | 1)
Hypothesized value of uis ¢ —_2inA(u)=-2In -
tested with a test statistic: =~ * L( [1,9)

Systematic uncertainties are included as nuisance parameters
constrained by chosen pdfs (Gaussian, log-normal, ...)

Combination amounts to taking product of likelihoods from

different | (data|u,6)=I1, L (data; | 1,6))
channels:



Phys. Lett. B 726 (2013) 88

Production Signal Strengths “""**

@data are fitted separating vector bosons mediated (VBF,VH) from gluon mediated
processes (ggF, ttH, mainly involving top loops) - Yukawa vs gauge coupling

© two signal strengths (pygr.vhs Hggr+n) fOr €ach decay channel

®95% CL contours consistent with SM expectations

@contours for the combination of the decay channels
are not meaningful (new physics in the BRS)

@combination is done in a model independent way
measuring the ratios for the each production channel

and their combination

T T

L L L LR B B

% Eamas A e
P R ATLAS
N+ = ’ .. 4]
NE oo \s=7TeV [Ldt=4648f" -
S s=8TeV [Ldt=207f"
- —Hoyr
6 . N —HoZZ 4l i
—H = WW* > kv -
41— _I' ------ - “‘.‘ + Standard Model —
N A k x Bestfit
B LN —es%cL
2 N, === 95%CL
o e
C omot255GeV e ¢ ]
ol e b e
0 0.5 1 15 2 2.5 3 3.5 4
WZZWW*
ggF+ttH

-2AInL

CMS Preliminary {s=7TeV,L<5.1f" {s=8TeV, L<19.6 b”
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Benchmark Models

® Several models can be tested:
couplings to fermions and bosons

custodial symmetry:

ein the SM: A,,=K,,/K,=1, extract A, from measured inclusive rates of H>WW and
H->ZZ (including VBF and VH production)

production and decay loops (testing BSM heavy patrticles):
ecouplings of the known particles to the Higgs have SM strength (k;=1)
enew particles can contribute to loop-induced

processes (scale factors k; and k)

enew particles do not contribute to the Higgs width

Model | Probed Parameters of Functional assumptions
couplings interest Ky | K | Kg | Ky | Ki
1 Couplings to Ky, Kg VIiVvIiVvIVv] Y
2 | fermions and bosons Ary. Ky VIV IVIV]-
3 : Awz, Apz. K - -
- Custodial symmetry Wz, TFz, 7ZZ VI V]V
4 Awz, Az, Ayz, Kzz | - vV - -
5 Vertex loops Ko, K =1|=1] -] -
P g Ky V -
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Test for asymmetries in the couplings to
fermions

® In 2HDM models the couplings of the neutral Higgs bosons to fermions can be modified
wrt the Yukawa couplings of the SM Higgs boson.

e in MSSM the couplings of neutral Higgs bosons to up-type and down-type fermions are modified
the modification are the same for all three generations and for quarks and leptons

e more in general leptons can decouple from the Higgs boson that behaves in a SM-like way wrt W/Z and
quarks

@ allow for different ratios of the couplings of down/up fermions (A, = k /k,) or of
leptons/quarks (A, = k/k)

e up-type fermions=top (from ggF production), down-type fermions =bottom quark, tau lepton (from

decays)

® Free parameters:
| 50 ?\N\Isl '?r\ellin\.li?a\ryl_\"|§:\7\-|]e\\l,|\7£‘5\-1| f\b;1|v\§\:|8\Te|\’ywl7gl I‘QIE? f‘b"t | SOF‘M‘S '?rei_l'ill;"i?a‘ry‘ f'E\ZT‘T‘eYY I‘_S's‘l1‘ ‘fb‘-1 "E\:‘BI‘TE'V,‘L'S ‘Ig‘.e‘fb'-t
¢ }\’du ! ku’ kV c 4 57 }‘du! llcu- 1‘C\.v' -_— Obstlerved é < 4 57 ;.qu’ K Ky ;' = Observed &
° }‘Iq , kq1 kV g 4.02_ \". Exp: for SMH _ g 4.02_ ll". | Exo-for sM _
e assume Izg, =0 i3 E SO : ]
. 3.0F ' - 3.0F : ; =
® 95% CL intervals 25/ =,‘ 1 e | /
= / 7 2.0F ‘- / 3
e Ay, =[0.74,1.95] 2.0 | : : : \, ; 5
1.5 = 1.5 e
* Mg =1[0.57,2.05] 1.0F 1.0F ' :
e Both are constrained to be 050 AN E 0.5 ; E
0.0_\\II\I\\\|\II\\I\I‘1 i AN I A 0_0_\\1\1\\\“er L e e 1
ositive 0 0.5 1 1.5 2 0 1 2 3
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Constraints on BRyg), in @ scenario with free
couplings

® An alternative more general scenario can be obtained
e allowing for a non-vanishing I'ggy,
7 fitted parameters: k, ,k; ,k, ,k; ,k, ks and BRgg),
e constraining k, <1
requirement motivated by many

CMS Preliminary s = TTVL 51! ys=8TeV,L<196 "
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® BResmderived while profiling all the ;4
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Couplings vs mass

f

® the Higgs boson H<7‘f='“f
couplings are f

f
proportional to the
masses of the particles

® Perform fit to full CMS
combination, resolving
gluon and photon loops In

A or (g/2v)'”?

terms of tree-level couplings 0L

® Top coupling from ggF

® Redefine couplings with 107}

scale factors
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