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I Introduction ETHziirich

» Higgs boson features became clearer over the past

12 years Nature 607, 60-68 (2022)
- Still several puzzles: naturalness of Higgs mass, Article
stability of the universe, matter-antimatter Aportrait ofthe Higgs boson bythe CMS

asymmetry, etc. experiment tenyears after the discovery

* Higgs boson measurements are a natural probe for

new physics (can affect number of signal events, - 14 single-H analyses, 9 decay channels

Shapes’ production, decay’ etC') https://doi.org/101038/s41586-022-04892x  Thel 6 HH analyses, 5 decay channel

« Combinations of its measurements allow to - Signal strength and coupling modifiers ()
reach ultimate level of precision

« This talk: latest CMS Higgs combinations for Submitted to Phys. Lett. B

couplings measurements Constraints on the Higgs boson self-coupling from the

combination of single and double Higgs boson production

CMS-PAS-HIG-23-013 in proton-proton collisions at /s = 13 TeV
Combination and interpretation of fiducial differential
Higgs boson production cross sections at /s = 13 TeV The CMS Collaboration®
A + 11 single-H analyses, 7 HH anal
» 5single-H analyses N single-r analyses, analyses
« Fiducial differential XS measurements in bins of Higgs- La_teSt HH C?mbmatlon * Inclusive and STXS bins
related observables in J. Motta’s and R. « Coupling modifiers (k)
Gerosa's talks

* Interpretation with coupling modifiers () and effective
field theories

Massimiliano Galli - Higgs Combined Measurements at CMS



https://www.nature.com/articles/s41586-022-04892-x
https://cds.cern.ch/record/2905139
https://cds.cern.ch/record/2904902
https://indico.cern.ch/event/1391236/timetable/?view=standard#62-di-higgs-searches-at-cms
https://indico.cern.ch/event/1391236/timetable/?view=standard#17-non-resonant-hh-searches-an
https://indico.cern.ch/event/1391236/timetable/?view=standard#17-non-resonant-hh-searches-an

CMS

ITypes of Higgs Coupling Measurements Combined ETHziirich
Run 1 Run 2 (+ Run 3, HL-HLC)

Signal strength modifiers .
. . CMS 138 b (13 TeV) )

 Scale the observed yield with “ ovnes [0 .
respect to SM prediction | Do e .

+ Can hide compensations from i : .
different effects LT .
uww - °

u“i = ®

o - BR o —— :

H = | —— | 2z 2 .

oM . BRSM i :

OO T meter value ¢

x-Framework .
+ Simple parametrization of o 2 SM ‘
devi?tioc?slfrorrll SM derived at 0, Ki 61'2 S ¢
amplitude leve ‘

» Assume only one underlying f f .

state at 125 GeV .

* Narrow width approximation :

* Sensitive to interference effects ol K-2K2 ‘
f 1 f 1 f b

Gl ° BR = —_— ° o

» Only modify couplings strengths, FH K‘% .
same tensor structure as S SM °
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Types of Higgs Coupling Measurements Combined

Run 1

Signal strength modifiers

» Scale the observed yield with
respect to SM prediction

CMS 138 b (13 TeV)
® Observed []+1 5D (stat)
— 1 SD (stat @ syst) [[1] =1 SD (syst)

— +2 SDs (stat @ syst)
r Stat Syst
007

. . w - 1.18:000 008 %
+ Can hide compensations from g e e
different effects L B
uw - 0.97:000 005 =008
e = 0.85:010 =006 =008
o - BR e 10835 o 2
H = | —— | 2z 2
oM . BRSM i
0 0.‘5 1 115 2‘P2.5 at 3.5| 4
arameter value
x-Framework
* Simple parametrization of 12 SM
deviations from SM derived at 0; ~ K; 0;

amplitude level

* Assume only one underlying
state at 125 GeV

* Narrow width approximation

» Sensitive to interference effects
c,- BR/ =

* Only modify couplings strenl\cn;ths,
same tensor structure as S

L 27SM
Iy~ w17

ol Kl-szz
'y K

SM

CMS

ETH:zurich

Run 2 (+ Run 3, HL-HLC)

STXS

Fiducial diff. cross sections

CMS 137 b (13 TeV)

Observed

Bins defined to minimize theoretical
uncertainties

* Measurements cms 1871 (13TeV)

p erform ed in a 0] MAOGRAPHS aMG@NLO, NNLOPS gghl + HX
fiducial phase
space close to
detector
acceptance

7 = =

Arsa /AP ([/GeV)

* Minimize
o3 |4t

model L 8 T
depen d ence 00 200 p}"(c«‘}(}'[; R
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Types of Higgs Coupling Measurements Combined

Run 1

Signal strength modifiers

CMS 138 b (13 TeV)
 Scale the observed yield with “ ovnes [0
respect to SM prediction | T e
. . 't e 1.13:000 =006 Ezg
» Can hide compensations from g e I
different effects LT T
uww = 0.97:000 005 =008
u‘: - 0.85-010 =006 =008
o - BR w o —EE— 10537 a3
H = R R P R
GSM ) BRSM uzf 259700 0
oo Tt E P.g'rsam(gter?)i\lue4
x-Framework
« Simple parametrization of o 2 SM
devi?tioc?slfrorrll SM derived at 0, K; 61'2 S
amplitude leve M
» Assume only one underlying f f
state at 125 GeV
* Narrow width approximation
* Sensitive to interference effects ol K-2K2
f i~ f i M
0 BRI =| — | - —
* Only modify couplings strenl\cn;ths, FH Kgg
same tensor structure as S SM

STXS

CMS

ETH:zurich

Run 2 (+ Run 3, HL-HLC)

Fiducial diff. cross sections

137 fb' (13 TeV)

Observed

Ratio to SM

Bins defined to minimize theoretical
uncertainties

* Measurements
performed in a
fiducial phase
space close to
detector
acceptance

(&5 137fb ' (13 TeV)
NNLOPS ggH + HX

T = s 3

Acsa/ ApY(b/GeV)

* Minimize
o3 |4t

model L 8 T
depen d ence 00 200 p;”(c:({[; 44444 B

Effective field theories (EFT)

Full theory

s
p<<KEM

1
T me
N,

1

ZLsmerr = Lsm + Z Z FOJ@

i=5 j=0

EFT

C
A2
o)

* More general than «
-formalism

* Operators can induce
couplings with different

Lorentz structure than SM —
modification of Higgs
kinematics

* Set constraints on Wilson
coefficients iWC) associated
to the operators

Massimiliano Galli - Higgs Combined Measurements at CMS



- - CMS .
IThe Combination Procedure ETHiirich
» Standard combination strategy:
» Likelihood multiplication of different input channels arXiv:2404.06614
» Fully account for correlation of nuisance parameters across channels

« Combine tool developed for the discovery

combine @ RooFit/RooStats @ other

« Used by >90% CMS analyses (not only Higgs!)
» Accounts for the increasing complexity of the analyses

» Paper + full 2012 combined likelihoods were published this year!

From CMS Statistics Committee

Physics Model Questionaires 2021-2022

(I_(')) (8) Likelihood
//t :u //l \ _ o Results
N L Build test statistics b e T 13717 (13 TeV)
Z(p,v) = I Ip(xd;ﬂ,1/>| IPk(Yk;Vk) Minimization C e
Data+MC _ g p ‘nimization A
1.5

Counting experiment e
Probability distribution of

: : » W parameters of interest observables of primary analysis .
Parametric shape analysis « U nuisance parameters
« y: auxiliary variables -
Template-based shape . % - channels Probability distribution of g TR
analysis d auxiliary variables o e
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https://arxiv.org/abs/2404.06614

CMS

I D iffe re ntial C ross Secti ons Fiducial diff. cross sections ETHziirich

* Full Run2 combination of (single) Higgs production
differential cross section measurements

: . . H ]
- Combined measurements provided for: pr, Nig, | vul, P,
. .. J
gen m]_]’ | A”_]J | ’ TC

nbins,k
ni31g,km(ﬁ> | 7) = 2 ,UJGJS]];m(I_})L(;)%m

j=1 : :
Fiducial acceptance

_ c-BR-A
H= oSM . BRSM . ASM

Individual channel

Extrapolation to inclusive phase space 47 CMS-PAS-HIG-23-013
(introduces unavoidable model dependence)

0 Analysis

H= oM Combination H - yy JHEP 07 (2023) 091
Ho Ww-O o ety  JHEP 03 (2021) 003
Phys. Rev. Lett. 128 (2022)

+ —
H- 177 081805
- ys. Lett, (2024)
H — t*t~ (boosted) o Le}%?gféi? 2024
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https://cds.cern.ch/record/2905139
https://link.springer.com/article/10.1007/JHEP07(2023)091
https://link.springer.com/article/10.1007/JHEP08(2023)040
https://link.springer.com/article/10.1007/JHEP03(2021)003
http://dx.doi.org/10.1103/PhysRevLett.128.081805
https://www.sciencedirect.com/science/article/pii/S0370269324005227?via=ihub

I D iffe re ntial C ross Sections Fiducial diff. cross sections ™ ETHziirich

i -1
CIIVI|S/|-"reIIm|7/n?r;I/ — .1?8lfb| (.13|Te.v), * Full Run2 combination of (single) Higgs production

- differential cross section measurements

: . Combined measurements provided for: p%{, Nitss | yul ,pjl,
i J
my, | Al 7

* No relevant discrepancies with the SM

p%{ measurement at ultimate level of precision

[| — aMC@NLO, NNLOPS

100 | aMC@NLO
H — Powheg
H § Combination
| =20 Combination, Syst. unc.
1 1 1 1 1 1

CMS-PAS-HIG-23-013

N

St CMSPr 19810 (13 TeV)
fttt ot UJ%; %@W : P ——
: ﬁ SEenEt E—— - JHEP 07 (2023) 091
O S e S P S P F e PSS oy H o 77 o 4] JHEP 08 (2023) 040
pY (GeV) | ) Ho Ww-O o ety  JHEP 03 (2021) 003
e
- @ H — 777~ (boosted) Phys. Lelt. B857 {2024) Le:g’gggi? 2024
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https://cds.cern.ch/record/2905139
https://link.springer.com/article/10.1007/JHEP07(2023)091
https://link.springer.com/article/10.1007/JHEP08(2023)040
https://link.springer.com/article/10.1007/JHEP03(2021)003
http://dx.doi.org/10.1103/PhysRevLett.128.081805
https://www.sciencedirect.com/science/article/pii/S0370269324005227?via=ihub

I Diffe re ntial Cross Sections Fiducial diff. cross sections ™ ETHziirich

MS Preliminar 138 fb~1 (13 TeV L . . :
— C. .S| e. : f”./ - (. — ) * Full Run2 combination of (single) Higgs production
> 10°) . differential cross section measurements
) g E .
£ T ] . Combined measurements provided for: p%{, Nitss | yul , pin,
T 02k | . |
g% ; my, | Al 7¢
‘<3] [ ] * No relevant discrepancies with the SM
10" = . ..
i ] . p? measurement at ultimate level of precision
[| — aMC@NLO, NNLOPS i
oll — aMC@NLO
107H — Powneg o CMS 35.9 fb! (13 TeV)
H § Combination 9 10§
H =21 Combination, Syst. unc. [0} F - Ao(py > 600) / 250
P | | 1 1 1 1 % 15 Ly Ao(pl!> 200) /120 Compared to 2016-only
2 L H e Aclpr > 600) /250 combination, we are able to
I B Iéf - comeneer i measure XS in finer bins
L 2| yst. unc. b .
gl 3 [ S ; whith a comparable level of
g TT 105k Mo ! precision!
50: N T T A Y T T N A A N S ok \% :MZ;LO s [T
OO P PRSP0 S SO SE e ¢ : gy from CYF{M-2’O17-002 {
pt (GeV) é"’if Phys. Lett. B 792 (2019) 369
5 3
=
CMS-PAS-HIG-23-013 8 T s T 200 356 600
p (GeV)
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http://dx.doi.org/10.1016/j.physletb.2019.03.059
https://cds.cern.ch/record/2905139

I H+HH chramework U Eyppiirich

» Higgs self-coupling probes the nature of the Higgs potential

L 2 3,0
V(H)=EmHH + AvH +Z/14H

NLO H VH
NLO H ggH q/q w/z

| K, = /13//151\/1

g s — L q H

NLO H ttH

* K, can be determined from HH cross section
measurements

« Single-H also sensitive to k; both in inclusive and
differential measurements

« (VBF)HH also sensitive to k,y,

(il

« Combination good as constraints from H and HH
are complementary

» Single H - stringent constraints on coupling to
fermions and vector bosons, mild to k;

- HH searches - tighter constraints to

Submitted to Phys. Lett. B
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https://cds.cern.ch/record/2904902

i H+HH: K, constraints

Assuming BSM only affects k;, while all other Higgs couplings

set to SM values
Sensitivity driven by HH categories

STXS CMS

x-Framework

ETH:zurich

Observed 95% C.L.: —1.2 <k, < 7.5
Expected 95% C.L.: —2.0 <k, < 7.7

» Confidence interval from H+HH ~1.1 times larger than HH
because of single-H shifting interval towards higher values

 Individual results consistent with previous combination Nature

607, 60-68 (2022)

cms

Ky =1 —— Observed

95% CL limit on o(pp — HH (incl.)) / fb

= Theory prediction

O, v N e

138 fb™! (13 TeV)
e

----- Median expected

B 68% expected

====: 95% expected

N

Value of

Observed 95% C.L.: —1.4 < k; < 7.8

obtained when allowing other couplings to flow (compatible with
ATLAS H+HH combination)

| 95% CL limit on o(HH) vs k;

K. [-1.24, 6.49]

Massimiliano Galli -

-2 Alog(L)

5 CMS Preliminary 138 fb‘1 (13 TeV)
T T T T I T I T I
- Observed — single-H comb., 5. 8"325
[ K=Ky = — HH comb., 1.0°?
5- _
i — single-H and HH comb., 3. 1+30 ]
4k \\ \ I / / 95% CL (20) ]
3 _
2 _

—

68% CL (10) |

S

Submitted to Phys. Lett. B
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https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04892-x
https://cds.cern.ch/record/2904902

CMS

)l H+HH: 2D Likelihood Scan (Ky, Kyy)  crramewor  ETazirich

« Constraint on k,, driven by HH categories enriched in VBF Observed
HH events
VBE HH XS has | g h ‘' g CMS Preliminary 138 fb' (13 TeV)
. as large degeneracy with respect to Ky, and k 2 N
9 9 y P v 2V &' 3.5 Observed — single-H comb. ¢ Best fit value 7
« Single-H has no sensitivity on «,,, but provides stringent b G == — HH comb. — 68% CL (o) :
constraint on Ky, >F L 7 95% CL (20) =
C single-H and HH comb. ___ 99.99994% CL (50) ]
- First exclusion of k,;, = O for any value of x at 5S¢ 25F : : E
2.0 -
1.0
0.5F e
0.0F = =]
~0.5F |
0.8 0.9
Ky
LO HH VBF Submitted to Phys. Lett. B
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https://cds.cern.ch/record/2904902

Fiducial diff. cross sections ©M° ..
ETH:zurich

I(Kb, k.) from Differential XS Combination «Framework
CMS-HIG-PAS-23-013

» In ggH production, variations of the couplings manifest through distortions
of the p!! spectrum
- Use model developed in Phys. Rev. Lett. 118. 121801 to probe light Yukawa H—yy JHEP 07 (2023) 091
H - 7Z® = 4] JHEP 08 (2023) 040

couplings

-BR H—- 7t~ Phys. Rev. Lett. 128 (2022)
° 081805

SM . BRSM in p%l up to 120 GeV
6 .

» Shapes similar to the ones produced in Phys. Lett. B 792 (2019) 369 and in
agreement with the SM within 1 Slgma Phys. Rev. Lett. 118. 121801

CMS Preliminary 138 fb' (13 TeV)
T T T T T

* Exp. Combination best fit

Parametrize ggH contribution of 4 =

o 10.0
X

B Exp. Combination 68%
ion 95%

— Ko=—-10 |

—
=~
T

— K= =5

[ Ke=0
—Ke=5

138 fo! (13 TeV)
T

1
BR(x,, K.)

—
N

—
=

(/o daldpy )1/ daldpy;)sm

 BR implemented as Jd
nuisance parameters | e
» Constraints coming only 1
| 7 . Ao N V;
| from shape s = — Ki =~
R T e e AT Sy S O; l SM
o incl i
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.121801
http://dx.doi.org/10.1016/j.physletb.2019.03.059
https://link.springer.com/article/10.1007/JHEP07(2023)091
https://link.springer.com/article/10.1007/JHEP08(2023)040
http://dx.doi.org/10.1103/PhysRevLett.128.081805
https://cds.cern.ch/record/2905139
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.121801

IEFT Interpretation of Differential XS M o rorgeoior — ETHziirich
Parametrize CMS-HIG-PAS-23-013

CMS Preliminar, 138 fb~' (13 TeV) . .
\\y L B B ”_ o BR A CMS Preliminary . 138 fo' (13 TeV)
cug x107%  =EEEES ——- —_ EVO -0.09 0.30 0.26 004002 002 002
cug x107°8 —_— GSM . BRSM . ASM EV1 0.14 0.26 . 0.08-0.15  0.01-0.03
CHwB x10‘3 """ el . EV2 . 0.04-0.01-0.03 -0.010.04 0.16 0.04-0.060.03 -0.070.02 0.14 0.03
Re(Cop) 1072 m—— (no eXtrapOIatlon to 471') EV3 0.10 0.09 0.04 0.01-0.010.03 0.01 0.0410160-0.03-0.08 -0.05:0.14-0.010.10 . 0.01
Chw X10_2 e = EV4 0.07 .0.12 -0.01-0.180.41 0.37 -0.100.16.0.020410 0.01-0.01
RE(C )><1O'2 ----- ———————— EV5 -0.12 -0.17-0.070.01 0.01 0.04-0.14 b 0.18 0.28 -0.090.04-0.10-0.24 .0.100.03
| tB 10—1 4 m EV6 -0.14-0.080.01 -0.060.05-0.15 0.05 0.19 0.18-0.02-0.01 -0.140.17-0.04-0.17 0.18-0.05-0.02
m(CbH)x 4 e —— . EV7 -0.02 -0.20-0.18-0.02 -0.280.07-0.100.02 0.83 0.07 0.11 0.05 0.10.0.12-0.14 0.26 0.09-0.04
CHoox X10_1 _________ H — y )/ EV8 0.03 -0.18-0.030.05 0.39 0.08-0.27 0.31 0.32 0.36 0.32 0.04 -0.12-0.25-0.18-0.230.02 0.28-0.150.18
C:‘: x10 - T EV9 -0.010.02-0.02 0.03-0.05-0.02 .-0.01 0.06 -0.12-0.11-0.08-0.030.02-0.03 0.45 0.30 0.09 0.03-0.01-0.020.04-0.09
x10‘1 pp—. c—— o — - —
8 10 e H — 27" — 4i T3333338 588U TURRI 259323338
N T ETEsEe ° ° T 9T TT
@ x10-1 B — Ho WHW=C) 5 o210, r EC EQECR c e @ @
Chy x107! Sl R CMS Preliminary 138 fb~' (13 TeV)
)10t =S — H- 7 g = =001 mm g1 c.=<4n)2]
Re(cig) x107" =+ S 1% E
Re(eu) <107 T e H *7~ (boosted ¢ i
Fefon) 10- - > ( ) : | { Linear only
cw x10° == <
Re(ch) TToI—————"" .
Im{oas) 68% and 95 CL intervals for 31 ol |
Re(Cen) sm===: . .
I S WoCs, set while setting others to
= = . 107 i
‘;:D 1. their SM value
o ==
CE?Z i pr—— i . . . . . . . . .
Im(Gow) 10 + » Define linear combinations of WCs to simultaneously constrain 10 directions in the
(cow)
Re(Cpw) x10]| == Combination 95% CL o= . . . . .
Re(Gus) 10 = parameter space while setting others to SM value (choice driven by sensitivity of data to
Ch x102 .
; N WCs, not SM assumptions)
-15 -10 -5 0 5 10 15
Parameter value » Absolute value means importance of WC in linear combination
Lin. + quad. * Results expressed as lower limits on new physics scale
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CMS

ISummary ETHiirich

« Combinations of experimental measurements are a powerful tool to probe the Higgs
sector

« Several combined measurements of Higgs couplings with Run 2 data at CMS using:
 Signal strength measurements
« STXS and fiducial differential cross section measurements

« Coupling measurements with k-framework
« Wilson coefficients (effective field theories)
 Overall good agreement with SM
* Future combinations:

» Legacy single-H combination (new channels, extensive interpretation of STXS
measurements with EFTs and k-formalism)

« Early Run 3 (+ Run 2) differential XS combination (same idea as CMS-PAS-
HIG-23-013)
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CMS

IList of Analyses ETHiirich

Nature 607, 60-68 (2022)
Analysis Decay tags Production tags Submitted to Phys. Lett. B

Single Higgs boson production

ggH, pr(H) x N; bins
VBE/VH hadronic, pr(Hjj) bins

H= ol T ;ﬁ‘ liiﬂf;r:f pr(V) bins . Integrated Targeted H Maximum
, Analysis Lo 1 ) . References
ttH pr(H) bins, tfll). luminosity (fb™") production modes granularity
S e H 4l 138 goF, VBF, VH, ttH  STXS1.2 [43]
H — ZZ — 4([43] 4p, 2€2p, de VH hadronic ' H— vy 138 ggF, VBF, VH, ttH,tH  STXS1.2 [44, 45]
Vi leptonic, pr(V) bins H— WW 138 ggF, VBF, VH STXS 1.2 [46]
ep/ee/ ggH < 2-jets H — leptons (ttH) 138 ttH Inclusive [47]
R BF = i
H = WW — (uly [44] piHj/ eejj/ epj zH hadronic H— b‘g (ggF) 138 ggF Inclusive [48]
3¢ WH leptonic H — bb (VH) 77 VH Inclusive [49, 50]
o e H — bb (ttH) 36 ttH Inclusive [51]
H = Zy [45] 2 VBF . H— 1T 138 ggF, VBF, VH STXS 1.2 [52]
H 46 %%{ﬂfér(i)icx bine H— pup 138 ggF, VBF Inclusive [53]
— TT [46] e, €Th, HTh, ThTh VBF
VH, high-pr(V) Analysis Int. luminosity (fb~') Targeted HH production modes References
W(¢v)H(bb) WH leptorluc
H — bb [47-51] Z(vv)H(bb), Z(£¢)H(bb) ig lept(())mlc . HH — 'yfybP 138 ggF and VBF [45]
, —0U,1, ets
bb g, high-pre () bins HH — ttbb 138 ggF and VBF [54]
H = upt [52] i %gBI;I HH — bbbb 138 ggF, VBF, and VHH [55-57]
ttH production 2(SS, 3¢, 4¢, HH HH — leptoni 138 ggF [58]
with H — leptons [53] 10 + 1, 20554113, 3¢ + 113 HH — WWbb 138 gg]_:: and VBF [59]
geH
H = Inv. [71,72] P zEIFhadronic
ZH leptonic
Higgs boson pair production
HH — bbbb [57, 58] H(bb)H(bb) ggHH, VBFHH (resolved, boosted)
HH — bbr [59] H(bb)H(tT) ggHH, VBFHH
HH — leptons [60] ~ H(WW)H(WW), HWW)H(7t), H(tt)H(r7) ggHH, VBFHH
HH — bbyy [61] H(bb)H(y7) ggHH, VBFHH
HH — bbZZ [62] H(bb)H(ZZ) ggHH
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https://cds.cern.ch/record/2904902
https://www.nature.com/articles/s41586-022-04892-x

IDifferentiaI Cross Sections Fiducial cross sections ™ gy irich

gen . : : :
sigkm — | - R o o « Full Run2 combination of (single) Higgs production
n = | v) = Z pio \AE (W)L (W) S differential cross section measurements
J=1 . . .o
Fiducial acceptance * Mostly sensitive to ggH
* Implements procedure to combine bins with different level of
y c-BR-A T vidual channel granularity at generator level
= ndividual channe
SM . SM . ASM : . i
o>V - BRV - A . Combined measurements provided for: p, N 1yl P,
Extrapolation to inclusive phase space 47 ms;, | Ar]jj |, TJC
(introduces unavoidable model dependence)
o
— Tonr Combination
H oSM
CMS-PAS-HIG-23-013
Channel H-oyy |[Ho2Z0) 540 [HoWW-® 5 efyFup [H =ttt [ H - t71 boosted
0-5 0-10 s
}521;03 10-20 0-30 Analysis Reference
22 aw T T JHEP 07 (2023) 091
s | 0 0.4 - JHEP 08 (2023) 040
cel =w H=7z" =4l
. ‘ 18000'_1102% 80-120 80- 120 80 - 120 H-> wtw—® 5 eiﬂ$’/151 JHEP 03 (2021) 003
pr bin boundaries (GeV) 1720-140 120140
140-170 | 120-200 120-200 140-170 + Phys. Rev. Lett. 128 (2022)
;gg-ggg 170 - 200 H- 1t 081805
250 . 350 200 - 350 -
: . - : - Phys. Lett. B 857 (2024)
e " e — = H — 772" (boosted) 138964
600 - 0o
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https://cds.cern.ch/record/2905139
https://link.springer.com/article/10.1007/JHEP07(2023)091
https://link.springer.com/article/10.1007/JHEP08(2023)040
https://link.springer.com/article/10.1007/JHEP03(2021)003
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CMS

ITypes and Evolution of Higgs Couplings Measurements ETHziirich
Run 1 : Run 2 (+ Run 3, HL-HLC)

CMS 138 b (13 TeV)

o Wersoum . STXS Fiducial cross sections
T e . _ 197 (15 Tov)
I e o : o ] T e
Signal strength modifiers . v 2 . - e
0 ° BR M‘; = 0.85:010 -0 L4 % !
H = o —am— 10555 o 2 ‘ 3 o
GSM ° BRSM uw7 _i__ 12104 : § 1078
u? ‘ — 25950 05 om : o5 + e .l
O T ameter value . N T ]
° 100 200 p¥(G:€,O> 400 500
Experimental sensitivity  © Model independence
x-Framework . : : :
: Effective field theories (EFT)
Simple parametrization of deviations from SM : Full th EET ,
* Assume only one underlying state at 125 GeV . ull theory * More general than x-formalism
 Narrow width approximation . * Operators can induce
 Easy reinterpretation on other models N Y A couplings with different Lorentz
r 2F Sy : p <K M c strudc;[:ure thanfSHM -
2 _SM ~ ‘ modification of Higgs
0; ~ K; O; f Kf f : TA kinematics
7 ol 2 2, 9 ’ N (i) - Parametrizations can be
o; BR = — K Kf /KH ‘ Pp i) derived inside specific fiducial
Iy . SMEFT — Az —4 J phase spaces
SM : i=5 j=0
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Signal strength modifiers  CMs

il Combined Measurements of U ETH zijrich
Nature 607, 60-68 (2022)

» Opverall signal strength measurement: fit all data from production modes

and decay channels with common x (can hide compensations of CMS _ , , , , , _

different effects) 20F } H—yy H — bb E

. : 1.5¢ e

* Higgs discovery N0 | S ‘|1* --------- $ I—

- 51fb"lat7Tevand5.3fb~! at8 Tev o et

Tk | E

« u = 0.87 £0.23 (dominated by statistical uncertainty) ~05E . . . . . . E

. 20F  H-2zz " H-otw E

* Run 1 combination 3 e

- 51fb lat7 Tevand 19.7 fb~! at 8 Tev = ‘°‘+ """"" + """"" *If """"" ¢ I‘

0.5 Lo Lo.os =

« o =1.00%0.13 [} %8(theory) + 0.07(exp.) = 0.09(stat)] \ :

) -0.5F . . . . . . =

* Run 2 combination 20f THoww TS

- 138 fb~!at 13 TeV 15F +

R o «l --------------------------------- -

« u=1.002 £0.057[£0.037 (theory) = 0.033 (expt.) = 0.029 (stat.) | osf { or 3

- Statistical uncertainty now comparable to systematic and theory 22 E
« Need new approaches to reduce systmatics Oocose,, M0 Ry, ™6 pa Mothe Pooose, e, s pg Motig

« Improved precision on theory production
Signal strength parameters in different datasets
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Signal strength modifiers  CMs

il Combined Measurements of U ETH zijrich

« CMS combination matrix
* Good agreement with the SM » Good compatibility with SM in most channels

« Discrepancies in channels with limited statistical precision
i B/

fe
H= (Bf) o, X B/
SM 13817 (13 TeV) M. =

CMS 138 b (13 TeV) CMS

! f
® Observed | |+1 5D (stat) ® Observed | |+1 8D (stat) (O-i) SM X (B SM
=1 SD (stat @ syst) . =1 SD (syst) = .1 SD (stat @ syst) . =1 SD (syst) CMS 138 b (13 TeV)
— =2 8Ds (stat @ syst) — 2 SDs (stat ® syst) Mf Observed =1 SD | w_combined =1 SD
B ' Stat Syst B ! Stat Syst i = i
H YY : +0.07 ! ' 042 ! ! 035 ! I L ai054 ! I ! o 4071 o tead T
w H 0.97008 +0.07 w .-..E._ 1.13:009 +0.06 1.08 1 1.00 V] 148 i 1.19 i| 1.38
H . . +0.04 ~ : . ~0.06 'YY o -0.11 —— -0.32 —e— -0.47 —— -0.62 | — -0.29
99 : 0.07 0.06 : A= 1132 000 ! : : :
= 1 012 008 1000 77 Joss o E 0.32 05 11| 00078 E 12.24 7320 E 0.00 %7
' yv4 +0. +0. +0. ——, O—'—I r 1 ~—
m ! 1009 +0.08 w E 097,17 loor oos u# =097 513 ' ' ! E
VBF E " 0.80=012 515 o07 i o 028 ' ' '
' — ' WW 0.90 518 1 0.78 55 | 24157 | 176797 i| 1442032
H N - - 1 —_—— I—-—— I~
— ! WwW . W =097 + 0.09 I . 1 |
' u —fo— 0.97:009 2005 =0.08 ] ' . :
MWH | E 14 4+g.§2 1021 +g.1§ | : e _,_joss=02 'E 0.86 017 ;. | 1:33 ol E 1.89 9% E 0.35 0%
! -0. -0. ! W =0.85+0.10 \ | | |
' ' 1
' l 1 1 1
- ' uer —f--- 0.85:0.10 =006 =0.08 bb 531729 | 1260042 1| 0.90°0% 1| 09004
: : - E e - —.— 0 —e
u : E +0.22 +0.09 - : w1085 : : :
ZH ' 1 '29—0.25 020 -0.14 | 40.74 ! +0.86 : +3.04 : +2.63
: bb : 10.22 4016 up 03317 1550, | 563 55 1] 30755
- : u —E=— 1.0555 =015 o4 W =12158 T o 1 2 4 6 8 |
N N i 1 1 1 1 1 1 '
; ; '
' | ' 867139 | 4437382
u E $020 +0.13 ' Zy 386 15 | 280
ttH - 094519 =015 o MMM | o045 w042 4017 W =25977 T \
: —-El— 210 oss o1s L L P L T TS
— H | H 0 05 1 15 2 25 0 1 2 3 0 1 2 3 4 0 1 2 3 4 0 05 115 2 25 3
: ; ggH VBF WH ZH ttH+tH
' +2.66 +2.06 +1.69 ' ‘ 40. N
MtH 6055, e 13 MZY 4’E 2.593:32 fg:gg ig:‘z‘: = 0-97 2008 W, =080 = 0.12 = 1497020 w, =1.29"% Wy = 113257
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Parameter value Parameter value Nature 607. 60'68 (2022)
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Fiducial cross sections ©MS

Differential Cross Sections ETHzirich

CMS Preliminary 138 fb~! (13 TeV) CMS Preliminary 138 fb~! (13 TeV) CMS Preliminary 138 fb~' (13 TeV)

_ - [ [ [ ; < [ [ [ [ [ [ _ [ [ [ [ [ [ [

0 N — aMC@NLO, NNLOPS ] > 3 o) s i

= at 103 Y= = =

= 5 § Combination H () g E =

P T ¥ras % [ Com::ina:ion, Syst. unc. ] O] i 71 ETJ{ 1 T
2 - 1 11 I H—yy 3 i T | ] >

zZ et § H—2zz = Il =

< 10%F f BOH—ww = 102F kil Bt - <

< : T H oy ¥l EH ;

o { f Q } ] le]

J SIS SR 15 B :
S 10k E ]
< F ]

103 H{—— aMC@NLO, NNLOPS 1
- H ¢ Combination B i
100 L [0 Combination, Syst. unc. pgs [~ aMC@NLO, NNLOPS H |
E BoH—vyy $ Combination
| P H—2z || [0 Combination, Syst. unc. |
102k ¢ H — 1t Boosted I H—vyy
- 107" g Finer pif* bins E f H— 2z
52T 5 3F : [H ! ! ! ! ] s 21 \ \ \ \ \
s I g 2p E s [
G BT AR = IS )20 9RO PO £ G
s | g0 f = i e
oL < 4E | | | | | | | | : & | | | | | | | | |
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Fiducial cross sections ©MS

IDifferentiaI Cross Sections ETHziirich

Massimiliano Galli - Higgs Combined Measurements at CMS

CMS Preliminary 138 fb~! (13 TeV) CMS Preliminary 138 fb~! (13 TeV) CMS Preliminary 138 fb~' (13 TeV)
=~ i T T T T 7 -y ol I I T T T ] < T T T
€ +1 | 2% | o 1
& { | 9 i 19
b 103 B | E=“ . 7 T .—|_(‘J
§ 10°) £ I = 1 3
o Ll o
< l <
1025— aMC@NLO, NNLOPS E [~ aMC@NLO, NNLOPS J|[— amcento, nLops
[| ¢ Combination b 10°H § Combination a 10'H § GCombination
- =51 Combination, Syst. unc. | = Combination, Syst. unc. L [| 9 Combination, Syst. unc.
1§ H—vy 1 I H—vyy [ §f H—vy
1Y H—2z H§ H—2zz ¥ H— 2z
5 2r EF I T T 1 EF I T 5 3E i i 5 2: i
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IHiggs Couplings with Different Assumptions

» Assumption: no invisible
and undetected decays

* No new physics in loops
(99—H, H =7y,
H — Zy)

« Same level of
systematic and
statistical contribution to
uncertainty in all
measurements except

for k, and kz,

CMS L
ETHzurich
x-Framework
CMS 138 b (13 TeV) CMS 138 fb™ (13 TeV)
® Observed |:|:1 SD (stat) ® Observed |:| =1 8D (stat)
= .1 SD (stat ® syst) [ ] =1 SD (syst) = .1 SD (stat ® syst) [_] =1 SD (syst)
— +2 SDs (stat @ syst) — =2 SDs (stat ® syst)
— ' Stat Syst . | ) Stat Syst
KW + 1.02:0.08 005 =0.05 b Assumpt|on a”OW Ky _i_ 1.01:0.10  0.07 0.07
- | invisible and undetected _ - . 100
Kz 'b' 1.04:0.07 005 =0.05 decays w B ; 006 -004 -0.04
B é KZ 'Q‘ 1 '00—0.03 -0.03 -0.01
S & 11000 w0 w005 | e |mposed upper bounds - : o oo oo
— 1 K _a_ 090+ X +0. +0.
K -E:— On K and K b_ ' -0.12 -0.09 -0.08
g_ 0.92:008 005 =0.06 w 7 K, -E*- 091007 008 jg:gz
Ky —*—: 1 Of:gl; +0.07 =0.08 L4 Both INVISI ble and KM B _é_ 1.1 1*:3251’ jg;g £0.07
= ; undetected decays - :
K +0.17 +0.12 . . z o —g———— | 1,62 HeS D
b _ﬁ_ 0'99—0.16 =012 "o Compatlble Wlth Zero Y B E -0.36 -0.34 -0.11
= K ] . . +0.06
Ko —— 0.92:008 =006 =0.06 9 -E- 0.93:007 =09 05
T g K| - Lore % 5
u_ —i— 11275, Top 2009 Blnv. ' 0.07:005 002 x0.04
Kz, | —;—%i-l— 1.65705) 1% o By, det.E | | | | 0.007°% 005 003
0O 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4

Parameter value
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CMS

IHiggs Couplings to Fermions and Vector Bosons ETHziirich

» Test Higgs couplings across three orders of magnitude
in particle mass

- Run 1:first indications of existance of ky, and «; :
« Agreement with SM «~Framework

* Run 2:10% uncertainty  Start testing second generation

* Agreement with SM « Same contribution of statistical and systematic

uncertainties

CMS CMS 138 fb' (13 TeV)
< o | | ' — ] E>|P 3 ImH=125.38 GeV | | é PO
+ Discovery * LHC Run 1 + This paper \>> F W,."’ ]
= T ¥
15 |—68%CL ---95%CL ¢ SMHiggs |- . ;
n _ o 107'F E
L i E"_|; i
L - = - ;2_
- 2| K2 4
= . 10 - :
1.0 ] i ¢ Vector bosons
I i " ’ ¢ 3" generation fermions |
i ] 10 U Rids nd . . E
- ] g ”‘." } 2" generation fermions ]
L 4 e SM Higgs boson
0.5~ O 10_4?..| L) L] L ] L
B 7 = 1.4p T T T T T - ™
o B cg 1.2;‘ l 1.05F H E
B X _ E 10_.1 ........................ }f .................... 1.00fF--- f-
| \\ ) a E 08:— 0.95F —:
OO [ |\‘ Lo e by by o 0_6-"| Ll il — """|2 L
0.6 0.8 1.0 1.2 1.4 107 1 10 10
Ky Nature 607, 60-68 (2022) Particle mass (GeV)
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CMS

Ilnclusive HH Searches ETHziirich

« Expected and observed limits

; cMS (13 Te CMS
(expressed as ratios wrt SM o o et | wh e IS
prediciton) using different final states K= =T BB 65°% oxpectod Eo
and their combinaton | = o6% expecie - = :
— ] 210 =
« Combined (expected) 95% CL upper s 2k - -
L] L] N " | | I -
limits: 3.4 (2.5) etieotor Tl —
ignificant i S s . | :
« Significant improvement compared B 1 e —— —i
— c 10°F Combined =
to early Run 2 results (35.9 fb™1) 57 " ;
Observed: 8.4 | N E L :
+ Sufficient sensitivity in HL-LHC (3000 s _ S o i
fb~! to establish existance of SM HH ~ ®=> | 18 ¢ = . :
production Erpocnd: 40 il
Combined [ ' ' : :
= . . iscrerm e | oo
L EE— : — un
1 10 100 2 [ 68% exp.
95% CL limit on O(pp — HH) / OTheow I:IQSOA’ exp.

Nature 607, 60-68 (2022)
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x=-Framework CMS

Ilnclusive HH Searches ETHziirich

95% CL limit on c(HH) vs k,,

K,y: [0.67, 1.38]

K,y = 0 excluded with significance 6.6 assuming
K, = Ky = k, = 1, establishing existance of VVHH

95% CL limit on 6(HH) vs k;

K;: [-1.24, 6.49]

95% CL limit on o(pp — HH (incl.)) / fb

103:

10

CMS

10°F

CMS

138 fb" (13 TeV)
T T T I T T T T __

138 fb' (13 TeV)

T I T T T I T T T
L K =Ky, =K, =1

Excluded

—— Observed

= Theory prediction

T T
Median expected

- K, =K =K, =1

68% expected
95% expected

N\

102:—
N\ r

Excluded

10 ¢

95% CL limit on o(pp — HH (incl.)) / b

Excluded ]

—— Observed
= Theory prediction

----- Median expected
B 689% expected
----- 95% expected

Excluded

8 10

Nature 607, 60-68 (2022)
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STXS CMS

IH+HH: K, generic constraint -Framework ETH ziirich

» Other Higgs coupling modifiers left floating in the fit

() . . .
Observed 95% C.L.: — 1.4 < K, < 7.8  Constraint on K; still strong
- CMS 138 fo” (13 TeV) » Consistent with ATLAS combination results
- I L B L e e L L
rlg? L single-H and HH comb. . i
s Fone e e e ey T Observed 47, 1 CMS constraint on k;
B : Best fit =10 95.4% CL interval
I \ / i Hypothesis Expected Observed Expected Observed
4 95.4% CL (20 - - TG =y mm —
- | Other couplings fixed to SM 1.0775 3175, [-20,77) [-1.2,75
I ] Floating (xy, Koy, K¢) 1.0 457, ;—2.2, 7.8; ;—1.7, 7.7
3l ] Floating (iy, Ky, Ky, ) 1.07735 477 [-2377] [-14,78
] Floating (icy, Koy, K, Kp, K, ) 1.0773 4775 [-2.3,78] [-14,78
ok . ]
[ ATLAS constraint on k,
ni 68.3% CL (10) | Combination assumption Obs. 959% CL Exp. 95% CL Obs. valuefll‘(’r
E E HH combination -0.6 < k3 <6.6 -21<k3 <78 Ky = 3.13‘3
ol T Single-H combination —4.0 <k <103  -52<ky <115 k=255
-4 -2 0 2 4 6 8 10 12 14 HH+H combination -04<Kky<63 -19<k <76 k=308
i HH+H combination, «, floating 04 <ky<6.3 -19<k1<7.6 Ky =3.0*18
HH+H combination, k;, Ky, kp, K floating —14 <ky <6.1  22<ky3 <77  ky=23*21
Submitted to Phys. Lett. B Phys. Lett. B 843 (2023) 137745
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CMS

H+HH: 2D Likelihood Scan (K, K,) Framevork ETH zirich

Observed

: CMS Prelimi 138 fo'' (13 TeV

. Large degeneracy of ggHH XS with respect to k;, k, St R TEIEY (13 TeV)
limits x, sensitivity of the HH channels - Observed — single-Fl comb. ]

y] y 1.6F Ky = Koy = 1 — HH comb. -

- Excellent constraint on k; from single-H F — smgl‘:_'H and HH comb.
bination 1.5 4 Best fit value —
combina 5 — 68% CL (o) ]

« Complementarity of H and HH fully exploited 148 e 7 95%CL(20) -
.30 E

1.2 .

g oo +H g oso0o———@ — — — H : ]
t,b / tyb Kt,b 1.1 —

/ A0 i

H / C ]

t,b > — - K, t,b t,b 1.0F =
t,b \ L i

\ B i

tab N t,b K, 0.9 ~

g ooo “H g toooo——@ - - - H B :
0.8 -
AT 15

A
>

LO HH ggH
Submitted to Phys. Lett. B
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I(Kb, K, cg) from Differential XS Combination

Fiducial cross sections ©M> .
x-Framework ETHzurich

e : : g
« Use p%l distributions and model implemented in JHEP03(2017)115 to set
constraints on x;,, k; and Co (point-like Higgs couplingtogluons) DO -———--- H
C
. : g
« Parametrizations up to 400 GeV in p%l g
« Shapes similar to the ones produced in Phys. Lett. B 792 (2019) 369 and CMS-HIG-PAS-23-013
in\agreement with the SM within 1 sigma .
Analysis
10! ?(gg:rz;;:ié:!;’f:\y]hNLuNNLo‘ j 10! ?EE%EZZL(;:;?:\Y]NNLLMNLOH‘_SM‘ H — 7/)/ JHEP 07 (2023) 091
JHEPO3(2017)115 H — o Phys. Rev. Lett. 128 (2022)
o - o 081805
N ~ Phys. Lett. B 857 (2024
e F;O 160 1‘5;(;?28\;‘50 360 350 400 o 1Go H _> T+T (bOOSted) VS e1 38964 ( )
BR(k;, cg) BR as nuisances ~ BR(k, K3,) BR as nuisances
mD.UGgMSPreI‘iminary : : : ‘ 138 fb~! (13Tei:/) oo CMSfreIimir‘rary : : — 138 fb~! (13Te:n\l) éz_OCMSPrehmmary = : : ‘1386b" (13 TeV) CMS Preliminary ‘ ‘ ‘ 138 fb-! (13 TeV)
-0.02 h o \\\
060 055 050 075 T00 5 ) 755 2.00 0155 > ; 5 205 0.0 05 10 5 20

Kt
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https://link.springer.com/article/10.1007/JHEP07(2023)091
https://link.springer.com/article/10.1007/JHEP08(2023)040
http://dx.doi.org/10.1103/PhysRevLett.128.081805
https://www.sciencedirect.com/science/article/pii/S0370269324005227?via=ihub
https://cds.cern.ch/record/2905139
https://link.springer.com/article/10.1007/JHEP03(2017)115

IEFT Interpretation of Differential XS  Treccins sooors " ETHaziirich

CMS Preliminary 138 fb~' (13 TeV)

o N ation bost it ‘ ] CMS Prelimi 138 fb~! (13 TeV) . .
® 0% Eoy Canaraiono. L e | - Use pH spectra to constraint pairs
7 = e of CP-even, CP-odd WCs while
o091 - nanain o 1 ol n e : : : C
=~ Combination 95% — Combination 68% Settlng a" Other tO WC_O (SM)
0.04f N --- Combination 95% 1 . . .
o « Agreement with SM prediction
0.02- |

and JHEP 08 (2022) 027

* Ring shapes centered around 0
S (- for CP-odd WC comes from

0.05

0.00- g

0.00

/ s i . . .
1 oo i 1 H quadratic term in the expansion
-0.04f g * I L L
i -0.10 i
0.06[~ N N
] 0.15 T = ] 2 2 +
-0.08- 5 : |‘%SMEFT| = |ﬂSM| +2Re {‘%SM‘%BSM}
I I I I I I
-0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 02 ) ) ) )
Cha 0293 0.0 0.1 0.2 0.3
CHw
Prelimi 138 fb~" (13 TeV, i
- CMS Preliminary : ( ) 138 fb~! (13 TeV) Analys‘s
& *  Exp.Combinationbestfit| o o T
o] = £ Commaiones | g S o % ot
. Exp. Combination 95% | 28— mr e 7 - natl °° = S
¢ Combination best fit 0 =SS Exp. (?omAblnauon?S/e . > X a H — }/y
— Combination 68% . gomzlnanon ggs/tflt
_— inati % — Combination 68% 4 N N
Combination 9,5/ == Combination 95% Z \\ \\ 1 (*)
0.02 : H-> 77"’ — 41
; : Y H— WHW=0) o eFuFu
: | ]
h (I e ' i
0.00 [ i N |
il i H /S I H—- T
A\ 1 Z m T T
“ , | H
oo ] v : Z H — %7~ (boosted)
004k _ § H
————— -0.100f 1
’ ’ CMS-HIG-PAS-23-013
P S S H S R S S R S - - - -
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CMS

NEFT Interpretation of Differential XS oot cross sections ™ ETHuziirich

(6)
J -
Zsmerr = Lsm + Z N 0]-(6) + O(A™)

EFTs used to parametrize and study coupling variations

Run 2 differential cross section measurements used to derive
constraints on Wilson coefficients (WCs)

= * Procedure:
A New heavy particle Deri trization for c-BR-A for
. Derive parametrizati =
Wilson coefficient # oM . BRSM . ASM
bins ofp? spectra inside fiducial phase space (no
New Physics scale extrapolation to 47 needed)
g * Pick subset of WCs to study
NP

» Set constraints
CMS-HIG-PAS-23-013

Analyst
Ao i JHEP 07 (2023) 091
* JHEP 08 (2023) 040
Theory for coupling = something H— ZZ( ) > 41
H-> WW® 5 ey, JHEP 03 (2021) 003
q: Thegforcouolinq = something else 8] o Phys. Rev. Lett. 128 (2022)

081805

Observabl - . .
servable H — rt7~ (boosted) Phys Le:t3889227 (2024)
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Fiducial diff. cross sections ™S ..
ETH:zurich

IEFT Interpretation of Differential XS Eftoctive fiold theories

CMS-HIG-PAS-23-013

CMS Preliminary . . 138 tb~! (13 TeV)
H EVO -0.09 -0.30 0.26' 0.04 0.02 0.02 0.02)
H—yy Parametrize EV1 014 026 094 008015 001-0.03 CMS Preliminary 138 fb~! (13 TeV)
. o - BR . A EV2 . 0.04-0.01-0.03 -0.010.040.16  0.04-0.060.03 -0.070.02 0.140.03 o= o T TTTTrrr T
H g ZZ( ) d 4l //t —_ EV3 0.10 0.09 0.04 0.01-0.010.03 0.01 0.04 -0.03-0.08 -0.05-0.14-0.010.10 . 0.01 : i
(% — - EV4 0.07 .0.12 -0.01-0.180.41 0.37 -0.100.16-0.40-0.020.10 0.01-0.01 . . 2: " :::1:
Ho wiw=®) - utuiy GSM . BRSM . ASM EV5 0.12 0.17-0.070.01  0.010.04-0.14  0.1010840.18 0.28 -0.090.04-0.10-0.24 .0.100.03 EVo
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Run fits for WCs one at a time to derive lower » Results agree with SM within 20 ' S e

limits on NP scale

Massimiliano Galli - Higgs Combined Measurements at CMS


https://cds.cern.ch/record/2905139

CMS

ISummary - Future Combinations ETHzirich

* Legacy single-H combination (Run 2)

* lteration of Nature 607, 60-68 (2022) with more analyses
included (boosted H—bb, VBF H—bb, VH H—bb, ttH H—bb, H

—inv.)

« Extensive interpretation of STXS measurements with k
-framework and EFTs

* Legacy HH combination (Run 2)

 Iteration of Nature 607, 60-68 (2022) with new channels
(VHH4b, bbWW, WWyy, yyt7)

* Planned results: )

» Upper limits on HH cross section

- Probe SM couplings (K,l, K> Ky K2V>

» Scans and upper limits on (H)EFT framework
(% €2 G C )

* Run 3 (+ Run 2) differential cross sections combination
« Same idea as CMS-PAS-HIG-23-013

Higgs Combined Measurements at CMS

Massimiliano Galli -



https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04892-x
https://cds.cern.ch/record/2905139

