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Introduction i

@ opecial place in the SM of particle physics - the only
fundamental spin-0 particle in the SM

® Responsible for the mass generation for the vector
bosons (spontaneous symmetry breaking) and the
fermions (Yukawa interaction)

@ Combinations of single Higgs measurements are very
powerful

- Precise measurements of Yukawa and vector
boson couplings
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Introduction

@ opecial place in the SM of particle physics - the only
fundamental spin-0 particle in the SM

® Responsible for the mass generation for the vector
bosons (spontaneous symmetry breaking) and the
fermions (Yukawa interaction)

@ Combinations of single Higgs measurements are very
powerful

-  Precise measurements of Yukawa and vector boson
couplings

- Access to Higgs self coupling through EW
corrections [Eur. Phys. J. C (2017) 77: 887]
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https://www.nature.com/articles/s41586-022-04892-x
https://doi.org/10.1140/epjc/s10052-017-5410-8
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Introduction

@ opecial place in the SM of particle physics - the only
fundamental spin-0 particle in the SM

® Responsible for the mass generation for the vector
bosons (spontaneous symmetry breaking) and the
fermions (Yukawa interaction)

@ Combinations of single Higgs measurements are very
powerful

-  Precise measurements of Yukawa and vector boson
couplings

- Access to Higgs self coupling through EW
corrections

- Differential Higgs production cross sections (STXS)

- Model independent searches for BSM with EFT
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Introduction

In this talk: update of CMS single Higgs
results combination since Nature 607, 60-68 (2022)

- Run 2 results (\/E =13 TeV, 138 fo )
are included for all channels

- Signal strength for all production modes
and decay channels

- Added new interpretations

- First STXS combination in CMS

- All results are very fresh, released for
Moriond EW, analysis summary will become
available early next week [CMS-HIG-21-018]
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https://www.nature.com/articles/s41586-022-04892-x
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html
https://www.nature.com/articles/s41586-022-04892-x
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Input channels Update since Nature (2022) STXS/inclusive |Contributes to References
H—yy STXS p, K (all), STXS0and 1.2 (JHEP 07 (2021) 027
H— 77 STXS u, K (all), STXS 0 and 1.2 (EZ%“; )hz’gé"' C 8
H— WW STXS i, K (@), STXS 0and 12 | 2053) gr
H > 1 STXS u, K (all), STXS 0 and 1.2 (Ez%r'zg)hg’g'z"' ot
Boosted H — bb |[New channel STXS U, k (all), STXS 0 and 1.2 |JHEP 12 (2024) 035
VBF H — bb |New channel inclusive u, k (all), STXS stage 0 JHEP 01 (2024) 173
VH — bb  |Updated with full Run 2 STXS 1. K (all), STXS 0 and 1.2 5’2%3’254)%%"2'0[)1 1
ttH — bb Updated with full Run 2 STXS u, K (all), STXS 0and 1.2 |JHEP 02 (2025) 097
H multilepton STXS u, k (all), STXS 0 and 1.2 (Ez%ré ' )h%’%"' C 8
H — pp inclusive U, K (all), STXS stage 0  [JHEP 01 (2021) 148
H— Zy inclusive U, K (all), STXS stage 0  [JHEP 05 (2023) 233
pe iy [poded U and VEhad e | Efctve x (/ Biny Bundet) ot 25 O
H — 4l offshell |New channel inclusive Offshell k interpretation  [arXiv:2409.13663
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https://www.nature.com/articles/s41586-022-04892-x
https://doi.org/10.1007/JHEP07(2021)027
https://doi.org/10.1140/epjc/s10052-021-09200-x
https://doi.org/10.1140/epjc/s10052-023-11632-6
https://doi.org/10.1140/epjc/s10052-023-11452-8
https://doi.org/10.1007/JHEP12(2024)035
https://doi.org/10.1007/JHEP01(2024)173
https://doi.org/10.1103/PhysRevD.109.092011
https://doi.org/10.1007/JHEP02(2025)097
https://doi.org/10.1140/epjc/s10052-021-09014-x
https://doi.org/10.1007/JHEP01(2021)148
https://link.springer.com/article/10.1007/JHEP05(2023)233
https://link.springer.com/article/10.1140/epjc/s10052-023-11952-7
https://arxiv.org/abs/2409.13663
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H — 4l offshell |New channel inclusive Offshell k interpretation  [arXiv:2409.13663
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[Comp. Softw. Big Sci. 8 (2024) 19]

Statistical inference

Combined likelihood Unbinned likelihood

L% @, 0) = HLF()'E; a, 5)1_[ Py 6)) L(X; o, 5) = Pois( n; Z s/(a, 5) + b,,(é) ) H p(x,; @, 5)
r [ if d

Very complex likelihood, includes >1K Binned likelihood (template, parametric)

regions and 10K nuisance parameters. L(X;a,0) = HPois< n,; Z I, 6’)pSlg i d(0{,6’) + b,(0)ppkg ra(0) )

Interpretations are performed by scaling the SM predictions with POI equation

lf( a 6)) _ lf( o ) [0 X ggf] SM, HO(gth norm) 6,, SM(ch acc’ exp) Z (eluml)

—

a : signal strengths p, Higgs couplings modifiers k, SMEFT parameters c;

Parameter estimation N SM compatibi“ty p-value
q(X;a):_Zhl( ~ A > Psym = 1 — XZ(Q((XSM))
L(x; o, 0)
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https://link.springer.com/article/10.1007/s41781-024-00121-4

Inclusive signal strength

® T'he most constraining fit (single parameter
linearly scaling all onshell and SM input
channels)

L — 101410055
p#=1.0141505

= 10147350 (theory) 007

—_—— ——

SM compatibility p-value
psm =1 — Fy2(q(dsy)) = 0.80

@ lotal uncertainty is dominated by theoretical

uncertainty on the Higgs production (ip, i
variations)

@ Leading sources of experimental uncertainty
are due to background modeling and
simulation statistics
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Production and decay signal strengths ,ui and My

Assigned POI for each production mode ,ui, Psy = 2%

For each decay channel y;, pg), = 33%

CMS Preliminary 138 fb~! (13 TeV) CMS Preliminary 138 fb~1 (13 TeV)
o Observed N 68% CL (stat) o QObserved I 68% CL (stat)
— 68% CL (stat @ syst) 68% CL (exp) —  68% CL (stat @ syst) 68% CL (exp)
— 95% CL (stat @ syst) B 68% CL (theory) — 95% CL (stat @ syst) B 68% CL (theory)
My = 12538 Gey ™ [:68% CL (stat @ syst) | SM expected W p:68% CL (stat & syst) | SM expected
psm = 0.80 (inclusive) my = 125.38 GeV
psm = 0.02 (per-prod. mode) Total Stat Exp Theory Psm = 0.33 Total Stat Exp Theory
. . 101G 88 B 3 112500 oo oxs oS
H - +0.08 +0.04 +0.03 +0.06 1.03:10 208 o oL
pgg O 0.992507 0004 -0.03 -0.05 e e I e
| 0.99+0.09  +0.05 +0.05 +0.06
pVBF O ‘ 0.87+312  +0.10 +0.05 +0.04 -0.09  -0.05 ~0.05 -0.05
WH _ I +024  +0.18 +0.15 +0.07 0.841319 338 *0.07 *0.09
v = 1477654 018 -0.14 ~0.06 , e ——— ——— L
+ | 1029l b g% woee |
a2 - 19598 47 40 28 |
p— 4018  +0.12 +0.07 +0.11 1152047 056 011 1007
M ttH e I 0.7770145 0112 -0.07 -0.07
D - - - — = | Zy -2.45i1'°°ii°'93 +0.31 +0.20
,‘[ ptH 587j§gg—ﬂgg—ﬂ%i—f8;§ ) lJ | | I I I I | I T [ 10'9?_|' 0]90 [ ?'14 | |0'1|9 |
— — -l - - e 0.5 1.0 1.5 2.0 2.5 3.0 3.5
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Measuring tH and ttH Parameter value

separately for the first time
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' ' i MS-HIG-21-018] <>
Production X decay signal strengths / -/ (CMS I
§\%\\\\ \\ \\
CMS Preliminary | | | 138 fb~' (13 TeV)
o0 Observed | SM expected
_ _ my = 125.38 GeV — 68% CL (stat @ syst) - 68% CL (syst-only)
Assigned parameters linearly Dap = 0.03 (o procucton imesdecay o W 1:68%CL (stat @ syst)  mmm p':68% CL (stat @ syst)
scaling the predicted yields for
1.0533% 1.45:05¢ 1.20388 1.35°03%
each decay channel and Yy o . o
prOdUCthn mode _, 1%— 1 0.38:9%2 % 0.0028 | 7.31+488 0.0079:82
. . O
uHt (&) = ! | |
W Boe2E 2.38:0%3 1.880 7 145338
C o= o o
New/updated channels:
0.86*0:1% 1.40332 1.88:98¢ 0.33*543
= _ P o 1L o
H — bb in VBF, ttH, ggH, VH i ) —
production modes bb LO%eE i
— 70 N B TS
Pspy =3 % " L5 .
7 3.61+142 )T{ -3.36*319 :’g :‘:‘
| | | | | | | | | | | | I | | | | | | | B | | | | | | 1 | | | | | | | ‘ NN
0 1 2 0 1 2 0 1 2 4 0 1 2
Inclusive ggH VBF ttH + tH
p=1.01255% Hggh = 0.997007 pver =0.87+012 Mwh = 151353 Mzn=1.3620%57 MitH 1 = 0.937517
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html

STXS stage 1.2 measurements

[CMS-HIG-21-018]

First STXS combination in CMS _ CMS Preliminary 1 13877 (13 TeV)
= 103 o  Observed — SM prediction E
_ ] _ _ _ N - | 68% CL (stat @ syst) 68% CL in SM prediction |
e Extracting differential Higgs production o = = T 68% CL (syst)
" " 1025_ Q — stage <2.5, my = S
cross sections with STXS (32 ; 2% ) ; STXS stage 1.2yl <25, M = 125.38 Ge 3
parameters) o1 ﬁ T 2 -
j | Fa o (7 é% -
e To avoid SM assumptions for BF 100 Ratio to SM I J$L_ : 7 -
extending the fit to extract the Higgs 5 &= ﬁf?_
decay branching fraction ratios wrt O 1 L | 3
H — Z7Z (+ 4 parameters) 1ol ] l l ! L |
i o RZZ E 1R i @
‘ui,ZZ _ [0’ x B ]obs = 2F H H T 1 ~ @ E
[o'l X BZZ] (g’ ) o 1: @) @ - % l:l El]] l ﬁ L 1 L m L;I Il =5 1 &%_% =
SMHO\"” thnorm g |= T T 7 i i [J H ? T f
£ of dl ! ]| -
f Bl (@ R PR AR R RN LI IR L BRI
yif — 72 RFIZZ RFIZZ Bvs/ Bav o (0 thnorm) 322 CESTEITTER CESRTEREEIEETEELA
= ' — RZZ  pZZ o p w 88CT8& §8% 2 8 R B % S8 g
Bobs/ BSM,HO(G,th,norm) 3 T2 §§ S z B S
=6 % "5
Psm N d ggH qqgH | WHlep| ZHlep ttH |tH
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html

Interpretations with x framework [CMS-HIG-21-018]

CMS Preliminary 138 fb~! (13 TeV)
Zf — L Z — f — > Il| | | L Ill| | | T T T | | 1 T T T | 1
T(®) = o'(R) - B/ (¥ £ 1001 <
(%) = o' (%) - B (7 (SR SR p=
< C pswi = 0.12 :
2 Mork?2 =T7/T - -
K = U]/of orxj = I"/Tgy . 10-1L _E
_ : .
For loop processes ggH, H — yy, H — Zy e P _ :
including contributions from SM particles only X 102k 6 Observed ~
g TTTET - m= 68% CL (stat @ syst) -
H t,.b i — 95% CL (stat @ syst) |

g9 — 2 2 _ K., _ — SM prediction
U 1.04x7 + 0.002«; — 0.038k,x, ‘b b _ 10-3 - Lo predeton .
tb E/ Bl 3" generation fermions E
g otooooo , - | | 2"d generation flermions |
1.5TI| | | L IIII | | L IIII | | L Illll | s—
H=1r = 15962, + 0.07k2 — 0.67 - I :

7 = 1.59ky;, + 0.0/k; O /KK, v.Z S -
W n I I -
Kw -oc—-) I | i . |
AV V4 H--- o 1'0_ T 1 i
Ky y: E i 1 I |
T b ! : 0.0k |
‘t,b 05_|_1| L L | L e
VY 1071 109 101 107

Particle mass (GeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html

Interpretations with « framework

[CMS-HIG-21-018]

CMS Preliminary 138 fo=! (13 TeV)
O Observed B Bgsy =0
— 68% CL (stat @ syst) 0 Biny, Bunget float., |ky| <1
— 95% CL (stat @ syst) Bl B, Bunget float., offshell inc.
| SM expected
my = 125.38 GeV

l Psm = 0.18 PsMm = 0.35 Psm = 0.20
[ —=1O=—t—
’ Kw v
e e

Kz q :

g —

—)

Ko —

Kq o

K, —

=t
Kg O
———f
R
KY —-o——
o=
Kzy [: ; 1
Binv A
Bundet| | | | | | |
0.00 025 050 0.7 100 125 150 1.75 2.00
Parameter value 15
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- - CMS
Interpretations with x framework [CMS-HIG-21-018] %
| CMS Preliminary 138 fo-! (13 Tev) £
i,f = — 1 (= . f ’y4 2 — (7. U'SM 2 — r] r] O serve BSM =
‘u (K> v (K) B (K) K] U] / J o K] / M — :5):% CL((jstateasyst) - ginv,Bun(Zet float., [ky| <1
e - , ——e S — 95% CL (stat @ syst) Bl B, Bunget float., offshell inc.
Add effective couplings «,, k,, K, to scale ggH, My = 125.38 GeV | SMexpected
}j« Psm = 0.18 psm = 0.20
M H — 7Y, H — Zy effec:cive - =18 % K 300
With H — inv channel: Bjny, Bndet are included "z fro——
[y Kfy Y BF' X «? K >
F'ysu 1 = (Bjny + Bundet) I = (Binv + Bundet) o °
K -
Ky : o
Invisible decays characterized by Other undetected decays not ) ———
pp'SS (DM, other neutral BSM  associated with p7"'°°, due to g RS
particles). In SM By, = 0.1 %  the lack of dedicated channels N T
from H - ZZ* — 4v o —
ky < 1 assumption is needed to resolve total width Binv |
scaling degeneracy due to B jndet; Psy = 35 % Bundetf

0.75 1.00 125 150 1.75 2.00
Parameter value 16
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Interpretations with « framework

Wi (%) = o' (%) - B (R) 5} = cj/e o =

Add effective couplings Ks K,

CMS Preliminary

[CMS-HIG-21-018]

138 fb~' (13 TeV)

O Observed
— 68% CL (stat @ syst)
— 95% CL (stat & syst)

] BBSM =0
Binv, Bundet ﬂoat., lKvl S 1
- Bin\ls Bundet float., offshell inc.

| SM expected

my = 125.38 GeV

H = yy, H— 7y effective vertices. pgy;

With H — inv channel: Bjny, Bndet are included
Iy Ki7

1 = (Bjny + Bundet)

1—1H SM

=
D
D
Q
72
D
A
<
IN
W
P
®)
)
)
4
=)
Q
>
r~—
Q)
)
O
=
>
<
oo
C
)
Q.
D
e
Q)
r~—
r—~—
-y
D

same time (due to difference in dependence on
Ky 7 for offshell and onshell Higgs production)

New since Nature 607, 60-68 (2022)
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https://www.nature.com/articles/s41586-022-04892-x
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html

Constraints on Higgs self-coupling

o Constraining kx; with in single Higgs through EW NLO
corrections contributing to decay and production vertices

e Corrections depend on Higgs kinematics, parametrization

Is defined in STXS bins [LHCHWG-2022-002] . 8CMS Preliminary 138 b (13 TeV)
, , < —— Observed (Kg, Ky fixed) Observed (kg, ky float.)
Assumption Best-fit k) 95% CL interval pgm iéi . ~- Expected (K, Ky fixed) Expected (K, Ky float.)
3.95 my = 125.38 GeV | SM expected
kF = ky = 1 2.147572 [—3.34,9.55] 0.74 i

(jg;gg) ([—4.58, 11.56]) °

With k. = ky, = 1 constraints are close to H + HH combination
95% CL intervals [-3.34, 9.55] (this result) vs [-1.2,7.5] (H+HH)  °

lllllllllllllllllllllllllllllll

Best fit k) value 1c 20 interval > i
Hypothesis Expected Observed Expected Observed 5 -
Other couplings fixed to the SM prediction 1.0155 31730 [-2.0,77] [-12,75] “f
Floating (icy, Koy, X ) 1.0177 4578 [-22,78] [-1.7,7.7 s
Floating (kv, %;, K, K¢) 1.0178 4737 [-2.3,7.7] [-14,78] [ ‘
Floating (xv, kov, Kt, Kb, K¢, Kyy) 1.0173 47437 [-23,78] [-14,7.8 O:' T T T N e B T I
[Phys. Lett. B 861 (2025) 139210] -15 -10 -9 0 S 10 15 20

K)
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https://doi.org/10.1016/j.physletb.2024.139210
https://cds.cern.ch/record/2803606

CMS Preliminary 138 fo-1 (13 TeV)

CMS Preliminary 138 fb~! (13 TeV) oo = o o
S u m m a ry ©  Observed | SM expected — 68% CL (stat & syst) Binv, Bundet float., |ky| < 1
my = 125.38 GeV — 68% CL (stat & syst) 68% CL (syst-only) — 95%CL (stat @ syst) MM By, Bynse: float., offshell inc.
Psit = 0.03 (per producton imes-decay mode) L:68% CL (stat @ syst)  mmm p':68% CL (stat @ syst) e = 125,38 GV | SM expected
I 10673 i_ﬂ.wgzg ] sy = 0.18 sy = 0.20
@ CMS Higgs Run 2 combination provides I I IRTTY R RPEE | = L - Sas
. agn . . _ Kz iaetaes
ultimate sensitivity, targeting all production ool b o [ ) o o . et
o
and decay modes 1 s || oesa ’ —1
: o+ o A b et
. . bb } ){ 1.02* 2.22 1:g§ ) 1.65(;:8:23-| | 1.28 |' |- o .i KT :_
- Signal strength for all production and decay 1 .
. . L 1.15:344 0.40¢ 451088 o ':‘ B
channels (leading systematics - th. unc.) LT i R 9 =t
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Constraints on Higgs self-coupling

CMS Preliminary 138 fb™' (13 TeV)
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CMS Preliminary 138 fb' (13 TeV)
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STXS stage 0

ggH qqH

VH

|

= gell 4+ gg — Z(qq)H VBF
1

1
qq’ — WH

qq = V(qq)H

I
qq — ZH
1

o 13 POls: 7 for STXS cross sections

go — ZH

= V(leptons)H

ttH

tH

tHq

tHW

e Additional 6 parameters to extract the
Higgs decay branching fraction ratios

wrtH — 7/

1,17

o' x B )

},{ —

o For all other channels

ul =y
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[ai x B ZZ] SM,HO (g,m,norm)
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First STXS combination result from CMS

CMS Preliminary 138 fb~1 (13 TeV)
- O Observed — SM prediction -
- agH ‘ 68% CL (stat @ syst) 68% CL in SM prediction -
e [ 68% CL (syst) i
E STXS stage 0, |yy| < 2.5, my = 125.38 GeV E
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STXS stage

0

tH

tHq

tHW

ggH qcllH VIH = V(leptons)H ttH
= ggH + gg — Z(qq)H v}lgp ad —>1WH
Input channels STXS/inclusive
H—yy + (STXS)
H- 77 + (STXS)
H—-> WW + (STXS)
H — 11 + (inclusive)
Boosted H — bb | * (Inclusive)
VBE H — bb + (inclusive)
VH — bb + (STXS)
TH — bb + (inclusive)
ttH multilepton | + (STXS)
H — uu + (inclusive)
H- Zy + (inclusive)
H — inv §
H — 4l offshell |-
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First STXS combination result from CMS
CMS Preliminary 138 fb~1 (13 TeV)
- O Observed —— SM prediction -
B agH ‘ 68% CL (stat @ syst) 68% CL in SM prediction -
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STXS Stage 1 .2 First STXS combination result from CMS

CMS Preliminary 138 fb! (13 TeV)
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Interpretation with «

H — yy + (STXS)
H- 77 + (STXS)
H— WW + (STXS)
H— 11 + (inclusive)
Boosted H — bb| * (Inclusive)
VBF H — bb + (inclusive)
VH 05| * BTXS)
FH — bb + (inclusive)
ttH multilepton | *+ (STXS)
H — uu + (inclusive)
H— Zy + (inclusive)
H — inv +
H — 4] offshell | *

Included special model for H —
4| offshell analysis allows to

release Ky, < 1 constraint and
Binvs Byndet at the same time

xz =1.035x; 4 0.002x; — 0.0381xk;
+0.979x + 2.015x, k5 — 0.004x, K.
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