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Mass and width

Higgs mass my: not predicted by SM
O the only free parameter in the scalar sector.
O fix all SM Higgs properties

O input parameter to global electroweak fits :
connected with the stability of the electroweak vacuum

Higgs width I'y: encodes the sum of all its possible decays
SM prediction: 4.07 = 0.16 MeV << mH
bound on I'n globally limits BSM physics:

additional width beyond the SM could arise from invisible or exotic decays
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Mass and width: Hyy on-shell

Photon energy measurement by the CMS ECAL.:

10 51 o' (7 TeV) + 19.7 fo' (8 TeV) + 138 tb™' (13 TeV)
O Z - eeevents: - Ampee
: ' : : < . CMS
derive energy scale and resolution corrections < 9 ‘
. . U E —7+8TeV  een Stat only ]
O MC simulation : M — 13 TeV T gtaton:y :
. . : —7+8+13TeV e tat :
corrected for differences in the energy scale 7t Tere e DA
between electrons and photons 6L _f
O Z - puy events : 50 E
account for any residual energy-scale difference A E
Source Contribution (MeV) 3r —
Photon energy scale ]
Statistical uncertainty of muon sample 75 2F E
Residual non-linearity 64 1 E E
Muon momentum 38 s ]
Electromagnetic shower 23 ot S
Photon energy resolution 7 126
Interference between ggH signal and bac 27 m, (GeV)
Other sources 13
Statistical uncertainty 100
Total uncertainty 10 Run-2 :mu = 125.13 £ 0.10 (stat) + 0.12 (syst) GeV
arXiv:2607.28396 Run-2 + Run-1 : mu = 125.06 £ 0.09 (stat) + 0.11 (syst) GeV

Submitted to Physics Letters B
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http://arxiv.org/abs/2607.28396

Mass and width: summary

51 fb" (7 TeV) + 19.7 f6" (8 TeV) + 138 fb' (13 TeV)

CMS

- Total Stat Syst

Tot Stat Syst

ATLAS H—4l 7 +8 +13TeV
Phys. Lett. B 843 (2023) 137880

CMSH—4/ 7+8+13TeV e
Phys. Rev. D 111 (2025) 092014

——| 124.94+0.18 (£ 0.17+ 0.03 ) GeV

125.08+ 0.12 (+ 0.10+ 0.05 ) GeV

CMs

Run 1:5.1 fb" (7 TeV) + 19.7 fo™! (8 TeV)
2016:35.9 b (13 TeV)

Run 1 H-yy

Run 1 H— ZZ— 4|
Run 1 Combined
ehon

2016 H— ZZ— 4l

2016 Combined

——Total | |Stat. Only

Total (Stat. Only)
124.70 £ 0.34 (£ 0.31) GeV

125.59 £ 0.46 (£ 0.42) GeV

125.07 +0.28 ( + 0.26) GeV

—— 125.78 £0.26 (£ 0.18) GeV

125.26 £ 0.21 (£ 0.19) GeV

125.46 £ 0.16 (£ 0.13) GeV

ATLASHoyy 7+8+13TeV Fe=i 125.22+0.14 (+0.11+ 0.09 ) GeV
Phys. Lett. B 847 (2023) 138315
CMS Hoyy 7 +8+13TeV i 125.06+ 0.14 (+ 0.09+ 0.11 ) GeV
This Work
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
122 123 124 125 126 127 128
m, (GeV)

H — 4l: my= 125.08 = 0.10 (stat.) = 0.05 (syst.) GeV
H — yy: my=125.06 = 0.09 (stat) = 0.11 (syst) GeV

arXiv:2607.28396
Submitted to Physics Letters B
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Run 1 +2016 -—I-l 125.38 £0.14 (£ 0.11) GeV

v b b v b b b e b

122 123 124 125 126 127 128 129
m,, (GeV)

Phys. Lett. B 805 (2020) 135425



http://dx.doi.org/10.1016/j.physletb.2020.135425
http://arxiv.org/abs/2607.28396

Mass and width: Hyy on-shell

LO : gg interference

a111111112111380)

Signal: g9 — H — vy Background: gg — vy

Interference induces distortions in the
mass spectrum and also a shift in the
Higgs boson mass peak :

a feature to measure I'n from the myy shape.

" CMS Sf{nulation : : ‘ : : : : I(13 TeV)
g 0.01 :— - SMT, (= 4.07 MeV), with shape syst. uncertainty —:
2 I —r,=0 ]
£ 0.008— —]
[ —— [y=25xSMT, (= 102 MeV) 7
0.006 } —:
0.004 } —:
0.002 } —:
s 0 =
D 15
s
£ o5 E
118 19 720 751 52 53 57 55 26 57 28
m,, (GeV)
arXiv:2609.01385
Submitted to Physical Review Letters
2026/9/16

CMS Simulation
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‘100I = ‘1(|)5| = HOI = ‘115‘ = I120‘ = I125‘ = I130I = ‘135‘ = |140‘ = |14‘15‘ = I150
m,, (GeV)
Differential distribution includes
both signal and interference with the
continuum diphoton process:
. 2
8 e _
A0S /dmoy = 3 TR Sygr (o) = HrSggn ()
do;/dm..,, = cg,I(m,.,)
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Mass and width: Hyy on-shell

60 CcM 138 fb ' (13 TeV)
% § E —— Data (bkg. subtracted)
(Lg 000" ¢ —— Bestfit S (\=-3.6)
S 500 3 — S(A=0)
~ - 5 —— S (A=1)
M 400 2 —— S (A=5)
Z 300 ¢ LBl
}cé» 200~
O =
2 100
Q
<2
(7) -100 - +
: I 1 1 | L L 1 L | 1 L 1 1 1 1 L 1 |
—20075 120 125 730 135
m,, (GeV)
Jo38H o JoV Jo arXiv:2609.01385
s j b . . .
7 + — + 7 — + 7 = Submitted to Physical Review Letters
Moy Myy My Ay,

T I do
(FP - PPI.S—HM> Sger + VPFS—I_]{/I(SggH +I)+uy Y, Syi+ dm—b
V' Th Hi je{VBE, VH} 7Y

Maximum likelihood fit to the data, combining all categories and data-taking years.

'y <91.8 MeV (expected I'y < 138.2 MeV) at 95% CL.
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Mass and width : off-shell

3 b on-Shell «_l;ea.k
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di7 % Hop—sheit X Hon—shett X T/ Usy

Width can be extracted combining on-shell and off-shell measurements.
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Events / bin

Data / Pred.

10°
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Mass and width : off-shell

138 fb' (13 TeV

~—

1l

I T T T T I T T T T
ggF off-shell 0-jet

CMS

§ Data [ Top quark . .
— o Norprompt O Dileptonic decay channel: WW—2+£2v
F on-shell VBF on-shell . . .
Ottt Higgs S goF of-shel 5+841 O DNN for event selection categorization:

—— VBF off-shell S+B+l Total uncertainty

O Input: leptons/MET/jets kinematics
O Output: likelihood for a given event to
belong to each category
(off-shell, on-shell, backgrounds)
O Categorize events in signal and control
regions.
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Phys. Rev. D 113 (2026) 092014
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Mass and width : off-shell summary

- ——
25| — 4£ on- and off-shell T I — 44 off-shell

CMS 138 fb~! (13 TeV) - CMS 138 fb=' (13 TeV)
i i i i i ' ' ' ' I R 7 ' ' T ! ' I T T ! '

- Expected ] 30}

-- Expected 8

20 |- 4% on- and off-shell
222v off-shell

— 42 and 2¢22v off-shell

[\
w
—

-- Expected
- Expected
4, 202v),
42 on- and off-shell WW — 2£2v off-shell
—— 2£2v off-shell

WW - 2£2v on- and off-shell -- Expected

---- Expected

5 - ;
A S Y AV NS o 95%CL ]
B £ %l T 68ROl
% 5 10 15 2 3 4
I'y (MeV) poff
Strong evidence of Higgs off-shell production:  arXiv:2607.23352
3.66in HZZ, 3.46 in HWW. Submitted to Physical Review D

The hypothesis of no off-shell Higgs boson production was
excluded at the 5 standard deviation level.
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Couplings and cross sections

The legacy combination of Higgs boson using the full LHC Run 2
data, provides the most precise and comprehensive measurement of
the Higgs boson by CMS to date.

H— 1t

H — bb H—WW

Rep. Prog. Phys. 89 (2026) 087801

2026/9/16 Higgs Hunting 2026


http://dx.doi.org/10.1088/1361-6633/ae72c4

Couplings and cross sections : signal strength

uine = 101470955 = 1.014 1939 (theo) "0 023 (exp) = 0.028 (stat)

5% precision :
Dominant uncertainty: signal theory uncertainty (on signal modelling
affecting the measurement, and SM prediction)

CMS 138 fb=1 (13 TeV) CMS 138 b1 (13 TeV)
o Observed N 68% CL (stat) o Observed N 68% CL (stat)
— 68% CL (stat & syst) 68% CL (exp) - 68% CL (stat @ syst) | 68% CL (exp)
my = 125.38 GeV — 95%CL (stat @ syst) I 68% CL (theo) — 95% CL (stat @ syst) B 68% CL (theo)
H = X . K
psw = 0.80 (incl) il 68% CL (stat @ syst) | SM expected My = 125.38 GeV i 68% CL (stat @ syst) | sMexpected
psm = 0.02 (per-prod.) Total Stat Exp Theo psm = 0.33 Total Stat Exp Theo
inel 101988 8% B8 8% pvy 1.12:399 008 003 008
pgaH 099703 0% B® 68 pZz 1.03:311 1008 w004 007
p VBF 087:41%F B8 B8 %% pw 0.99:3% 9% 9% 00
WH 1.47+924 +0.18 .18 +0.07 T 4010 +0.06 +0.07 0.05
M 024 -0.18 0.14 0.06 d 0.84:318 322 'y e o9
+0.23  +0.17 +0.11 +0.11
ue 1H B S pibb 10288 B8 4% 8
tH 0.77+018  +0.12 +0.07 +0.11 .
u L L Il Il L L L L L L L L L | L 7\01\5 |70|12 | 70|-07 L I 7(\)07| IJ p p 1 1 Stgﬁ |*ggs tg} 1' 186} ‘
L L L L I} L L L L L Il
0.5 1.0 1.5 2.0 2.5 3.0 25 3.0 35
H 58738 U8 Oh 1% 100 +0.93 031 0.20
p Ll ) Lol L ) I L | L Ll | Ll Ll | Ll p ZV 245%093 -0.90 t014 | 0.19 |
L | | | N | | | | I | I T | | Ll L
25 5.0 7.5 10.0 125 15.0 17.5 1 > 3 4 5 6 7 8

Parameter value Parameter value

slight upward deviation in WH, urt with <40% precision (30 evidence)
ZH, and tH of roughly 20 u%Y gives an upward deviation (2.70)

2026/9/16 Higgs Hunting 2026



YY

Y4

ww

1T

bb

Hu

Zy

Couplings and cross sections : signal strength

CMS

138 fb~! (13 TeV)

o Observed |  SM expected
my = 125.38 GeV H 68% CL (stat @ syst) = 68% CL (syst-only)
psm = 0.03 (per-prod. and decay) B p"®:68% CL (stat @ syst) B u':68% CL (stat & syst)
5 1.12:838 1.06:871% 1.05:8% 1.45:3%8 H 120188 1 35;|8:%3
7 I
! 1031815 1.03:833 @ X 0.38:3%% % 0.00°5 7.317¢%8 | 0.0013.33
L I | 4
0.99:338 0.92:31] jo-82:8% ,2.3870%3 1881874 145388
Kl | K et o -
0.84:313 0.61:8%] 0.86:31 1402883 . 188188 0.33:943
folf Fo b K o
iy 1.02:918 2.722:}5(3)7\ 1£5(§g§ 1.28+937 } 1912922 0.3932]
If T 1 1
1151341 0.40:387 1.45:38% 2.93'3%
He— f—o °
303007070704
2,455 3.611142 -3.36:310 S
f——"0 ' ' LRRIRRK
‘ KRRRXRIK
o v b b e b 15%626%% %6 %
0 1 2 0 1 2 0 1 2 2
Inclusive ggH VBF ttH +tH
u=1.01:888 H99 =0.99:382 pVeF=0.87:31% pW=1.51:0% u?=1.36:85 i+ =0.93:817

a small tension (p = 0.03) 1s driven by the ggH — 77,
WH - WW, ttH + tH — bb,and H — Zy channels
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pif = (oi/o™) Bf/BftM

signal strength for
each production-decay
channel combination



Couplings and cross sections : coupling modifier

Modifiers k quantifies the deviation from
SM at level of each coupling:

O is not naively sqrt of signal strength

O interfering terms can be used to determine

their relative signs
for e.g.,

ggH are scaled by 1,04x2 4+ 0.002x2 — 0.038%,x,

O combination also allows for BSM Higgs
decays, loops are fitted with effective

coupling (see backup slide)

O couplings are indeed proportional to mass
in a wide range of energy scales

2026/9/16
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Ratio to SM

1.5
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CMS 138 fb~! (13 TeV)
II| 1 T |||IIJ| T 1 I||II|| T T I|||||| I
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| — SM prediction
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Couplings and cross sections : STXS

ggH =ggH + gg — Z(qq)H qqH
T = 0-jet = 1-jet

= VBF + qq — V(qq)H
1
[ o |

’(7;' i

p“ [0,200]

|_Ojet||_1jel|

[mii [0,350] | |45 350, oc] |
o mi; 5 | P 10,200 | pl! [200,00] |
0 ’“Jl
: -
60 o 120
oC H

120 0 25 oo T

i
200 ! Hu

VH = V(leptons)H
0
] tH
oy ay —>\\H| |qq—)ZH I h,,ﬁZHl

60 T
0 (Heq
G 1208 Eeses
75 PT W
200
150
250 300
Jove) 0

[ Split phase space of Higgs production processes

[ Defined by kinematics of Higgs boson and associated W/Z

[ Provide differential cross-section measurements while easy
to combine multiple production/decay channels



Couplings and cross sections : STXS

Some deviations observed:
O WH(2.20)/ZH(2.10)

for pr > 250GeV
O ggH Ojet (2.50)

for 450 < pr < 650GeV
O tH(20)
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Couplings and cross sections : differential XS

138 fo~' (13 TeV)

Fiducial differential measurements
represents another way to measure
Higgs boson cross section

O Binned in kinematic observables 10"H— aMC@NLO, NNLOPS =
O Probe Higgs production A Combinaton,Sys. ur
mechanisms 109 § w5
O Test the Standard Model with e
high precision and search for 10
deviations in specific kinematic I —
regions s T T T T T T T B B B O 1
O Sophisticated statistical i) S 10 S R Tﬂlﬁ ______ ' h ) HL
techniques are used to combine b S| i 1 f[ b }ﬁ [T [ 3 7? ITH
fiducial measurements in g 3%, SR U ) O e 1
different decay channels. IR A S U R I

JHEP04 (2026) 093



http://dx.doi.org/10.1007/JHEP04(2026)093
http://dx.doi.org/10.1007/JHEP04(2026)093
http://dx.doi.org/10.1007/JHEP04(2026)093

Couplings and cross sections : differential XS

10,0 CMS Preliminary 138 b (13 TeV) CMS . ‘ 138 fo™' (13 TeV)
o W rm———— 7 1 ™ T T L Ko]
x Exp. Combination best it 4 «  Exp. Combination best fit
= Exp. Combination 68% 10 mm Exp. Combination 68%
75l Exp. (?omF)ination 95% - Exp. Combination 95%
* Combination best fit I )
[| — Combination 68% ¢ Combination best fit
H --- Combination 95% — Combination 68%
5.0 ] 5| == Combination 95%
2.5
0.0
_25 [
-5.01
-7.5
_ - A R RS | M| A R R Ll L L
1005 BT ET) 5 0 5 10 15 20 - - 1 2 3
Ke Kt

Combined fiducial differential measurements can be interpreted in
coupling modifier : for example,

Higgs boson prmeasurements is used to set constraints on k¢, kp,
and k.. The results are in very good agreement with the SM
expectations.



Couplings and cross sections : SMEFT

SMEFT provides another way to
quantify the deviation to the SM

in STXS and fiducial differential
measurements.

N
d
Loverr = Lom + Z Z A{’l—‘l O]( )
d ]‘eO(d)

@)

O Individual constraints on the SMEFT WCs
are set from the linear (blue) and linear-
plus-quadratic parametrizations.

O “Principal Component Analysis” scenario
1s applied to select linear combinations of
the coefficients where the data are more
sensitive and fit those instead (see backup).

CMS

138 b~ (13 TeV)

T T T T T T T
o Best-it — 68% CL (stat & syst)

| SMexpected — 95% CL (stat @ syst)

y T T
B Linear Lin + quad
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X3

X3

CCC

cyg X 1000
Cha X 1000
Cuwa X 100
Chw X 100

Re(con) x 100

Re(cyp) x 10
Re(cw) x 10
Re(cg) x 10

Re(Cow)

Re(coe) |-

Crg(3) X 100
Ch(1) X 10
Cg X 10
Chu X 10
cui(3) x 10
cri(t)

CHe

cra(l)
Ha(3)

¢
Re(Cho) [

Cho
e x 0.1

H*D?

H*D?

X?H?

X2H?

(EL)(EL)

(L)L)

(RR)(RR)

RR)(RR)

| =

(CL)(RR)

|

L
75

T i |
50 25 00 25 50

Parameter value

10° 10
Probed scale A at 95% CL (TeV)

o



Events / 2 GeV

Data / MC

Couplings and cross sections : H-to-41 in Run-3
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O 2022-2024 13.6TeV data are included in Run-3 analysis

O Double differential measurement sensitive to VBF production

O |An;;| vs mj; included for first time


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-25-015/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-25-015/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-25-015/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-25-015/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-25-015/index.html

Couplings and cross sections :
from rare productions and decays

H + ¢ production

Higgs produced together with a jet

originated from a charm quark

O cross section =90 fb at 13 TeV :
about 0.2% of o(H)

O x.-dependent with a ccH vertex

O x,. -independent top-loop with
an effective ggH vertex




fr

Couplings and cross sections :

H + ¢ production in Hyy + HWW:
two BDTs to separate ggH and other backgrounds

10CMS 41.5 b1, 2017 (13 TeV)
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om rare productions and decavs
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H—- WW @ [ ] 506 1065
Combination|- [ _J 281 257
|
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McH @95%CL

Combined results at 95% CL:
constraints from production-side,
in complementary to Hcc

O u.y <257 (281)

O |k | <47 (51)
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Couplings and cross sections :
from rare productions and decays

H + y production : SM cross section o(yH) <5 fb at 13 TeV

q——

q——"-H

H + y : Higgs produced in association with a photon
- SM cross section oyH < 5 fb at 13 TeV

12OCMS‘ ‘ ‘ __1381b7'(13TeV) 4CMS 138 fb™! (13 TeV)
y-tagged, tight . Zvy

Events /10 GeV
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Combined Hbb and HZZ* 4l fit interpreted as light quark Yukawa couplings:
excludes y, . = yr and y,; ¢ = yp at >95% CL



Couplings and cross sections :

rare Rroductions and decaxs

CMS 138 fb™ (13 TeV) + 62 fb™ (13.6 TeV)
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CP structure : H decays to t-leptons
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CP structure : H decays to ZZ*

S o Test quantum entanglement in qudit:
T 8 / | ++>,| ——>, and |00 >

Figure from Physics Brief
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CP structure : H decays to ZZ*

O using decay angles 64,6, , ®
and background discriminant Dy
to build signal template

O rejecting purely longitudinal
polarization f; = 0.49(0.61)
(proof of entanglement when no CP
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Summary

O Higgs mass are measured combining Run-1 and Run-2 data
O Hyy and H4l are getting much more compatible than Run-1
O Precise measurements of Higgs width combine HZZ and HWW

O The hypothesis of no off-shell Higgs boson production was excluded
at the 5 standard deviation level.

O Legacy combination of Run-2 data provide the most accurate

measurements on Higgs couplings and cross sections.
O theoretical uncertainties becomes equally important
O differential measurements in STXS and fiducial cross section
O results are interpreted in k framework and SMEFT

O CP structures
O No significant CP violating have been observed including Run-3 data.
O Polarization studies provide evidence that H — ZZ* decays produce
an entangled state assuming no CP violation.
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Photon energy scale correcti

Mass and width : Hyy
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Mass and width: Hyy on-shell

CMS 138 fb' (13 TeV)
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Couplings and cross sections : combination

2026/9/16

Input analysis Decay channels targeted
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Couplings and cross sections :
coupling modifier including BSM
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Couplings and cross sections : SMEFT PCA

CMS 138 fb~! (13 TeV)
T T T T T T T T T
o Bestfit == 68% CL (stat @ syst) B Linear (observed)
| SM expected —— 95% CL (stat & syst) Linear (expected)
Expected 95% CL (stat & syst) my = 125.38 GeV  Profile other EV, pgy = 0.11
CMS preliminary 138 tb-' (13 TeV) EV, x 1000 e ——
i - -001 W -1 o= 4y || EV; x 1000
g EV, x 100
E EVs x 10 —
* 7 EV,x 10 -
3 y EVs x 10
. . EVe x 10
| == Combination 95% CL —= Combination expected 85% CL.
[ i 11| — Combination 68% CL = Combination expected 68% CL E EV; —u =
. F i ! 11 @ Combination Best it © _Combination expected Best it ||
3 I ) || l o EVg B
I i ] !
g okl " il I | i 19| (] o
3 O 1t il I tt T | t# it il EVy o [
8 of " o ! l ' i o EVio e ——- f——
o -5 i | i -
z H EVi N I
-10b £} o - - < o © =) =) =) EVys — = f——
e e e e @ @ i = = =
@ @ @ @ '“ n H
EVi4 x 0.1 o [
EVy5 x 0.1 — Oy [r—
EVi6 x 0.1 ) ) ) ———— ) ) ) [—
-75 5.0 -25 0.0 2.5 5.0 7.5 1071 100 10

FiduCial di fferential Parameter value Probed scale A at 95% CL (TeV)

JHEP04(2026)093 STXS differential
Rep. Proqg. Phys. 89 (2026) 087801



http://dx.doi.org/10.1088/1361-6633/ae72c4
http://dx.doi.org/10.1007/JHEP04(2026)093

Couplings and cross sections :

rare Rroductions and decaxs

H + y production

- Boosted H — bb:

pT(H) > 300 GeV, PNet Xbb WPs
- H — 4/0: standard ZZ*40 selection
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all four EFT couplings free
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Phys. Rev. D 112 (2025) 112001
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CP structure : H decays to ZZ*
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