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@FT\' Higgs Boson Coupling Measurement

Istituto Nazionale di Fisica Nucleare:

o - BR
g - BR)SM

> At first: Signal Strength (u) Measurements:| p© = (

» This tells us if the observed rate matches the SM expectation (u = 1) or if there's a deviation — new physics?

» K-framework

To interpret p in terms of couplings, we use the k-framework: k parameters act as linear modifiers to H coupling
strengths

Fit all these k parameters simultaneously using many production and decay channels.
= SM expectation (k=1)

K> =

— i, —> L
_ o (K)IV(K) . O'J-/ O}-SM or KJ-2 =17 /FJSM

(%)
» The above measurement can be interpreted in EFT framework See Suman’s talk

This talk presents an overview of recent Higgs boson coupling measurements at CMS, with a focus on new results from
WH(H — 1), ttH(H — cc), and VVH(H — bb) analyses.
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Istituto Nazionale di Fisica Nucleare:

Rich phenomenology at the LHC
= production modes: ggH, VBF, VH, ttH, tH

= The inclusive signal-strength is measured to be:

Can probe fermionic
coupllngs of the Higgs

a \

SM Higgs Boson production @ LHC

v Main 4 production modes have been

observed with significance 25 o

v Si = i =l T
Signal strength = 4, = S <

u=1.014%5023

Higgs signal strength parameters extracted
for various production modes p; assuming

Bt = (B)sm

Can probe bosonic couplings
of the Higgs
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M(H)= 125 GeV 5
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CMS Preliminary 138 fb~1 (13 TeV)

o Observed I 68% CL (stat)
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@FT\' SM Higgs Boson decays @ LHC

Istituto Nazionale di Fisica Nucleare:

Rich phenomenology at the LHC v" Couplings to weak gauge bosons (V=W/Z) and to 3rd generation

fermions established well.
* Decays: yy, ZZ— 4, WW —{vlv, 1, bb, uu, Zy _ _ _ _
v’ First evidence of H decays to 2"d generation fermions. (H—up) and

Val N Higgs rare decay (H— Zy ).
/ Higgs boson decay channels \
h ! CMS Preliminary 138 fb~1 (13 TeV)
f I o Observed [ 68% CL (stat)
K I —  68% CL (stat & syst) 68% CL (exp)

H- - — — — : ! g —  95% CL (stat @ syst) mmm 68% CL (theory) | | T
| I p:68% CL (stat & syst) | SM expected GT)
| my = 125.38 GeV !

f I = psr:,n =0.33 Total Stat Exp Theory g
: M °C esg g% S8 %% | |0
j o 77 oagy gm e wg [N
t’b ’ | \ 0.99735%8 0% iy 00t IS
Kl. | +0. +0. +0.! +0.1 m
= e tb ! 58.1% other 08t 4% 4% %
. ! 0.2% 10288 38 S8 3%
’ Y /-' (RO I
\ ‘/’ 1 Il 1 Il L | L L 1 Il 1 Il L 1 I24Sagauoggl L 1 1 I I
N - 0.5 1.0 15 2.0 2.5 3.0 3.5
> The dominant decay mode is H— bb(58.2%) Parameter value
= Other H—fermions scale o« m,?
= (Can also measure decay to and

» Cleanest decay modes and best mass resolution are ZZ(2.6%),
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Istituto Nazionale di Fisica Nucleare:

CMS 138 fo~! (13 TeV)

o Observed | SM expected
_ . _ my = 125.38 GeV H 68% CL (stat @ syst) 68% CL (syst-only)
> A deep examination of the Higgs I T Y — - 068%CL(stat@syst)  mm yi:68% OL (stat @ sys)
mechanism done with full combination of " N 108231 1.45%% 12058 .
available experimental observables. 5
_ _ i 108:512 0.00:35 73148 .
> A good agreement with SM is observed at B Y
the current precision - 0035 0213 23843 oS0 ‘S
» Few discrepancies in channels with limited o o pp— R e S
. . . 1T i O LN
statistical precision. o
0| phy 10 222:4% 12833 11135
115t 0.40:3 FERLIARLT RERRN
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Inclusive ggH VBF WH ZH
w=1.01:438 HogH = 0997603 Hver =0.87:01% Hwh = 1.51:333 Hzn=1.36:05 Mar = 0.93:8 12
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Istituto Nazionale di Fisica Nucleare:

» Coupling modifiers probed in 3 models:

No BSM contribution to Iy, (blue)
BMS contributions constrained by |k, || < 1
BMS contributions constrained by offshell H — ZZ— 4f (purple)

» The invisible and undetected branching fraction is constrained to be: B;,, < 13% and

Byoue < 25% @ 95% CL.

CMS FPreliminary 138 fb~' (13 TeV)
P 1000 | , L
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Particle mass (GeV

Y VYV

Bosons: i, and k, : ~ 5% precision
third generation quarks: x,and x, 5% and 12%
precision

Leptons: «, and e

: 8% and 20% precision
Binv

Bundet

CMS Preliminary 138 fo~! (13 TeV)
O Observed I Bgsu=0
— 68% CL (stat @ syst) Binvs Bunget float., |ky| <1
— 95% CL (stat & syst) B Biny, Bynget float., offshell inc.
| SM expected
my = 125.38 GeV
psm = 0.18 psm = 0.20
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Parameter value

No significant deviations from the SM for large a mass range!
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@FT\' Rare Higgs production mode bbH

Istituto Nazionale di Fisica Nucleare:

» Rare Higgs production mode, sensitive to the coupling to top and
bottom quarks.

- pp - ttH (NLO QCD + NLO EW)

. Pp— bbH (NNLO QCD in 5FS, NLO QCD in 4FS)

¥o BCMS =TT ] ™ 1:'38‘flb'_1' (13-||'eV)
> Similar production cross section as ttH, but ~ S
experimentally even more challenging i ] 5252 ot v v ) Expat w
, [ 1| 20 it o, VB, W) Expctd ®
> WW and TT flnal States 2‘ ~ :lti:' l;t;:t;itH—yn(ggH,VBF,VH,nH)Observed o
. . I | ¢ SM Expected S
» Observed (expected) upper limit 3.7 (6.1) of ] ws__________ mwern (O
times the SM prediction @ 95% CL A ] e eciction s e o | |2
> Results also interpreted in terms of ; | I AR I
couplings to top and bottom quarks t ] - \ 5‘;
s 90 95 00 05 10 15 Efgected . i ‘ N
= Best fit values (k, kp, )= (-0.73,1.58) 3 st | E |
= Compatible with SM within 2 o Ooeered: 10 | ‘ |
eu
. . . . . Expected: 19 d
First upper limit, combined with Eur. Phys. J. C 83 (2023) 562 oseve: *
Combined
(9gF+VBF a0l T
H— 1,.4Thag) @nd interpreted in terms of k;, k;, 0 0 20 30 40 50

95% CL upper limit on o(pp — be(yb,yt))/ c.

Theory
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Istituto Nazionale di Fisica Nucleare:

> First Measurement of charge asymmetry (A),
o(W*H), and o(W™H) in W(v£)H(tT)

Where: O'(W+H)—O'(W—H)
A= -
o(WH)+o(W H)

» WH (with H - WW) is treated as signal in the fit

o(WH) (pb)

» All measurements are consistent with Standard Model

predictions

» Results can be interpreted in terms of constraints on

Yukawa couplings

Quantity Observed Expected  Theory
c(WTH) [pb] 096708 0.8370& 0.83+£0.02
c(W™H) [pb] —0.05%03% 053705 0.53+0.01
o(WH) [pb] 0.96708  1.36709°  1.36 +0.03
A 1.181090  0.2210€ 0224+ 0.01
#(W*H) 116757 1.00%5¢5

p(W-H) 01575 1.00705

#(WH) 071555 1.00556
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CMS Preliminary 138 fb™ (13 TeV)
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Istituto Nazionale di Fisica Nucleare:

> First analysis of ttH(cc).

= H — ccis rare (~3% BR) and experimentally challenging — direct sensitivity to the
charm Yukawa coupling.
» Focus on ttH with single-/multi-lepton final states.

OL(ft — qGqd) & 1L(tt— qgtv) & 2L (tt— tviv) e 2
= Physics-oriented ML used in both event classification & c-tagging. n
» Limits seton u;; -\, constraining charm Yukawa. -" o
ttH(H— cc) CMS Preliminary 138 fb~! (13 TeV) ! >
% kel o5 < 3.0 @95% CL -+ tiH(H—¢E) — Observed c:lg
WfH(H— ct) <7-8 @ 5% 7} keles:,, <35@95% CL o VH(H-cE) -~ Expected =
| L i i
-4 Comb. ]
CMS Preliminary 138 fb' (13 TeV) om N
¢ Observed 68% expected S
----- Median expected 95% expected 8
Combined - _ _
Exp. 8.7 \ ttH(H— cc) + VH(H — cc):
Obs. 7.8 L k. |< 3.5 @ 95% CL
oL *
Exp. 13 1
Obs. 14 5
1L \ i
Exp. 12 i
Obs. 6.6 |
2L |
Exp. 23 :
ObS. 35 | | ) ) i \ ) ) | ) ) ; ) | — . T - - P e ;
0 10 20 30 40 50 00 05 10 15 20 25 30 35
95% CL upper limit on PiHH-cr) [Ke|
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@PN Light-Quark Yukawa Couplings

Istituto Nazionale di Fisica Nucleare:

First study of y + H @ LHC

CMS 138 b (13 TeV) CMS 138 fb™ (13 TeV)
. . e L (R B B B S BB B H
> nght'quark YUkawa coupllngs: —— Observed, float all i —— Observed, float all
o o \ N Expected, float all 108 - Expected, float all
¢ dlfﬂ CUIt to measure dlreCtIy 10:"'.. —— Observed, fix others —— Observed, fix others
° Ch ang eS produ C‘t|on rates O —‘.";3 ----- Expected, fix others T I\ U Expected, fix others
«  changes total Higgs boson width g g - g
H boor 95% CL ] I 5;7 . s%a
» H — ZZ — 4l analysis: K, | ®
=
68% CL 68% CL P4
- decay unaffected of - sTmmwmwme L) N TN | =
ol ) R L ol R <S
- cross section decreases with increasing k, e ™ o < R 12~
o
CMS 138 ' (13 TeV) CMS 138 b (13 TeV) I\)
‘ ) ) ) ) A I A B e I B o
set constraints on light-quark couplings simultaneously . — Observed, foatal ] L — Obsened, foatal ' o
."‘ ----- Expected, float all 10 _»‘ ----- Expected, float all A @
FIS—IN1)4E K%Z A 10 —— Observed, fix others [ ' —— Observed, fix others g
_ M M M M 2 M A ] '
O'H_)4£ = r K ) Rg (ngH —‘I— qu + tEH + O?:SH + ZKVV VVH _ | ----- Expected, fix others _ Expected, fix others
Lruasc w , = 1) E
» First scenario: i oo
v All couplings except the one being shown are fixed at their SM values.(Black) I
— H = 68%CL .
Y K= 1 &Iy =0 N
. 0 -50 0
» Second scenario: Ke

v" The Yukawa couplings for the three other light quarks are left unconstrained (Blue)
V k= k=18&K5,s1&TH, =0

See Anagela’s talk Constrained k.= 0.0737
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@FT\' Higgs self-coupling

Istituto Nazionale di Fisica Nucleare:

» The double Higgs processes (HH) provides a direct probe to the Higgs self-coupling but

very challenging as its XS is 3 orders of magnitude smaller than the single Higgs (direct V(h) =[Av?h?|+|Auh° +%/14h4 +
measurement). Higgs mass term | Higgs self-coupling
» The Higgs self-coupling affects the Higgs propagator and enters single Higgs production via :zz_sz Ca= zm_j o013 ) .:’f" H . A

loops . Combining several channels together, it is possible to extract limits on the Higgs T
trilinear coupling k; (indirect measurement). v

Direct measurement » By combining the direct and indirect measurement it is possible

to profit from the higher precision of the direct measurement.

. - A
* Combined results from di-Higgs searches (4b, bbyy, bb1t, bbZZ) | CMS 138 fb™ (13 TeV)
e - L B L L R L B
1ot CMS Preliminary _ 138#®'(13TeV) . CMS Preliminary  13815" (13TeV) | All other x =1 ¢ Best fit Z
—| € | —Observed e Median expected | £ [ —— Observed e Median expected ] = 1SD =
5 I Excluded = 68% expected T [ Excluded [ 68% expected ] E
Cl) T | = Theory prediction === 95% expected T 10°F = Theory prediction :--=--- 95% expected E D + 2 3SDs (@)
N 1_103 ¥ SM prediction l ©  x SM prediction : : : SM (o))
1 F { : y h ] i O
=l ° c 10° T~
I o o F Direct search 5 N
1 — = L : o
c<,E) E E | : S
10?2} 1 10 N
O S | E < | P
08 xcluded 2 ‘ ; )]
S o 0 K =1 o 4L Excluded | : Excluded pp — H @
0 = = : —K=K,=1" i o)}
O IKY ) Kg\’: ) 1 W, N [ = K=Ky = 1 : f | Indirect interpretation 00
-10 -5 0 5 10 -1.0 -05 00 05 10 15 20 25 3.0
K, [ I 1 1

K2V L L 1 1 I i 1 L L 1 1 1 1 1 1 1 1
5 0
-1.24 <k, < 6.49@ 95% CL 0.67 <Ky <1.38 / —
(k,, = 0 excluded by 6.60) . See Leonidas’s talk i
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(e VVH(H — bb)

Istituto Nazionale di Fisica Nucleare:

>

>

. q, q/a, aq qa,/q,
The VBS VVH production is sensitive to deviations both in the Higgs self ™~ | \ﬁ‘v
coupling (C, ) or in the quartic gauge coupling (C,y) Omn H g
As both W and Z bosons can be involved in the VBS VVH production and //{Z:N v //W\;\mv
are present in the final state, the process is also sensitive to variations of a5, 9 @3,
Cow and Cyy.
New
CMS Preliminary 138 fb™' (13 TeV)
_’.é 1 :_I LA L L L B L B T |! Cl)tl)slerlvledl 1 |_: 3 GCMS 'Pr'e/ill‘)']i{)a‘ryI.' S = '13|8 Tb?(1I3'Te'V)
T ; ______ Expected E “ - : s:::;t “ e Ex;;ee(r:\tlzd — 68.3:/0 CL(b) ]
Set limit on K,, - approaching current < | B: L - vy )
constraints from di-Higgs: T o o v/ Xy g
ggs: o107 £ — Theory E [/ N
L < ] -
0.41 < Koy < 1.59 g i i | ]
Q.adl ] I \
Produced current tightest limits on Ky, £'0 " ¢ N |
and Kyz @ 17 < Koy < 1.80 3 2:_ BN /o
R107° B = ~ /
-0.37 < Kpz < 2.37 & 1 S ]
) i 1 | I | I il 2 = N 1 2 3 4
W4 0 1 2 3 4 "
Koy HIG-PAS-24-003
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Summary

» Significant progress thanks to:

v" Advanced analysis techniques
v' Improved detector performance
v' Enhanced flavour tagging algorithms

» Couplings to 3rd-generation fermions measured with ~10% precision
» Challenging second-generation fermions

v' Already 3-sigma evidence for H>uu
v' Competitive limits on the k. coupling modifier

» Combination of H and HH measurements constrains the Higgs self-coupling

v Run3 Higgs physics ongoing . o .

. Muthbroerdatoezt
=>New physics may gppear incoming years
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