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Overview
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® More than 10 years after the Higgs boson discovery, we continues | vz w -
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O S L . ATLAS experiment ten years after the discovery
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https://www.sciencedirect.com/science/article/pii/S037026931200857X
https://www.nature.com/articles/s41586-022-04893-w
https://arxiv.org/abs/2608.07332
https://indico.cern.ch/event/1522800/contributions/6987298/attachments/3323049/5949994/2026-08-01%20ICHEP%20ATLAS%20Higgs%20Combination%20-%20Ko%CC%88neke.pdf

Scope of the paper

Topics of this Paper
® 1. Global signal strength 1. Global
Overall Higgs event rate relative to the Standard Model. signal strength

® 2. Production cross sections
Measurements of main Higgs production modes. 10. EFT

® 3. Branching ratios
Measurements of Higgs decay branching fractions.

® 4. Production per decay channel

2. Production
cross sections

interpretations

9. STXS \ y 3. Branching

Measurements of oj x Bf for individual channels. ;
L. R measurements ¥ . . - ratios
® 5. Coupling interpretations . Combined Higgs
Higgs coupling modifiers in the kappa framework. Measurements
® 6. Higgs width (ATLAS, 13 TeV)

Total Higgs width from on-shell and off-shell information. 8. Bottom-quark , .; e 4. Production per
mass ' 7 . decay channel

® 7.Higgs self-coupling

Constraint on kA from single and double Higgs production.

® 8. Bottom-quark mass )
Determination of mb(mH) from Higgs couplings. 7. Higgs 5. Coupling

self-coupling interpretations
® 9.STXS measurements P

Higgs production kinematics in 44 regions.

® 10.EFT interpretations
Interpretation in the SMEFT framework.




Input analysis & correlation scheme

Analysis Prod. L Ref. Comparison Measurements
modes [fb—1] with Ref. [3] Incl. « STXS
H— ZZ" - 4¢ All 140 [73] Unchanged +~ v’ v’
H - WW* = {vly ggF, VBF 140  [74] Updated v v v
H—- WW* = {vév, tvjj VH 140 [75] FullRun2 v’ v 14 h ” I
H— yy All 140  [76] Unchanged +~ v v on-shell analyses
H— Zy All 140  [70] Unchanged v’ .
H -t All except (V — leptons)H 140 [77]  Updated v v 4 H - inv analyese
H— 17 (V — leptons)H 140  [72] New v v _
H— pu All 140  [71] Unchanged v’ 2 Off She” ana lyses
H — bb VBF 126 [5]  Unchanged + v 6 d|_H|ggS analyses
H — bb,cc (V — leptons)H 140 [78] Updated v v’ v
H — bb (high p{f ) All 136 [69] Unchanged v’
H — multileptons ttH 140 [79] FullRun2 v’ v’ .
H — bb 1H 140 [80] Updated v v v Compared with the Nature
H — bb tH 140 [81] Updated v v v’
S T—— e 140 [65] Unchanged ‘/ * 2 channels are updated to the full
H — invisible VBF + vy 140  [68] New v
H — invisible (V — leptons)H 140  [66] Unchanged v’ R un 2 d ata Set
H — invisible itH 140  [67] New v’ ° 1
o i - e - 6 channels are improved
HY - ww® ggF, VBF 140 [64]  New v * 4 new single Higgs channels
HH — bbbb ggF, VBF 126  [6] New v
HH — bbbb (high p¥)  VBF 140 [82]  New v * 6 new HH channels
HH — bbtt ggF, VBF 140  [83] New v’
HH — bbyy ggF, VBF 140  [84] New Ve
HH — bbll + E!}‘iss ggF, VBF 140  [85] New v
HH — multileptons gg¢F, VBF 140  [86] New v




Global signal strength

® A single inclusive signal strength u scaling all event rates considered in the
combination

® 15% improvement compared to the previous analysis

* Mainly driven by updated measurement of H - WW (ggF, VBF) and H — 7t analysis

T | 1 T |l T T | T T T T I 1 1 T T I T 1
ATLAS Total

Vs=13TeV, 126 - 140 fb™

m,=125.09 GeV, |y | <25

P, =7T% Statistical

® Signal-theory uncertainty is dominant
» leading by the higher-order QCD ( 3555 6

*  Other contribution from PS/UE ( fg;g%g) and pdf+ag ( fg:g%

-2A InL
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Remove Background Theory
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® SM compatibility pgy = 77% ’
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68% CL
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Production cross sections

® Measure the cross sections in different production mode
* 6 production modes: ggF+bbH, VBF, WH, ZH, ttH, tH

® SM compatibility pgy = 20%
 Mild deviation of ttH/tH cross-section from SM

+1.66 +1.21 +1.13

* A dedicated tH combination is on-going Run2+3 combined = 327 e (196 To9s )
SR L B R B LR IR ML R L R NN
ATLAS e Total Stat. mm Syst. || SM
(s =13TeV, 126 - 140 o
m, = 12509 GeV, |y | <25 .
P, =20% Improvement source
Total  Stat. Syst. . SMunc.
ggF +bbH %{ 1.04 :o006 ( 004, +005) : +0.06 O'ggF and O-VBF 100A)'150/0 H 4 WW/TT
VBF =y 103 COE (1o D09y +0.02
| v e owy and oz 20%-30% VH,H - WW /tt/bb/cc
WH == 096 =015 (=011, =o10) i +0.02
ZH }-Els—{ 100 0% (soss, 312 L ro04 Oy and oy 40% ttH —» bb/ML, tH — bb
ttH {'E'I | 0.(]53 10,131 (010, I:o,og) i|i0.10
0I 1 1 105I - 11 11 1 I15 I21 11 125I 11 13I 11 I3.51 11 I4
tH === 518 2% (1%, %) +0.10
5 0 B I R | E—

Cross-section normalized to SM value


https://atlas-glance.cern.ch/atlas/analysis/analyses/details?ref_code=ANA-HIGP-2026-05

Decay branching ratio

® Measure the Higgs branching ratio in different decay processes

« 7 decay processes: H - bb, H > WW*, H »>tt,H > cc,H—>ZZ*, H > yy,H - Zy

® SM compatibility pgy = 85%

T T T | T T T T I T T T I T T T | T I T
ATLAS |—e—] Total Stat.
{5 = 13 TeV, 126 - 140 fb"
my, = 12509 GeV, |y, | <2.5 3 Syst. [ sm
Py = 85% Total  Stat.  Syst.  SMunc.
vy P 108 ‘0% (som, ‘0%) | -om improvement source
l 0.10 - E
zz* A S +008, +0 L
[ = 0.98 ‘g (008, z005) : 0.02 H — bb 20% VH,ttH - bb
ww* H—— 1.07 =009 ( +oo0s, fg:g‘;) Po£002
2 H=—— 094 010 (o008, T®) ! oo H- WW* 20% 9ggF,VBF,VH,ttH - WW
bb H—=——— 0.87 012 +007, +009) ' *o.
A H- 1 15% ggF,VBF,VH,ttH - 17
1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1
).6 0.8 1 1.2 14 1.6 1.8
————————— H-ZZ" 5% ttH - ML
L ——— m— 122 08 (oe0, *JI3) i zoo2 - -
; H - cc New in this round VH - bb/cc
7 _ 12,03 0% (088 w03y 1 008
4 == 1 -093 ~086' -035) i -007
I D
I A — | L e e L
o s 138 3% (3%, 133 oo
1 1
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Higgs boson production per decay channel

® Measure the Higgs boson production rates for individual decay channels
® Some modes are merged due to the limited statistical sensitivity, total 32 combinations of g; X B,

® SM compatibility pgy = 53%

s =13 TeV, 126 - 140 b, m, = 125.09 GeV, b |<25p, =53% FedData (Total Unc.) Asyst. unc. | SM prediction
-0 5 0 5 5 0 5 12 3 40 0 10 20 -10 0 10 -10 0 10 0 1 2 3 1 2 3 0 10 20
T T T T T T T T T T T T T T T T T T T T T T T v T T
tH | siess| K |2e0ts HEE— e (102 | W | s2s%n |HEBH lﬂc-zszﬁ;ﬁ
ttH | | posii|oesiy H8H [ 04505 |  HEH |o.0%5: m 0.8275% | = 05655,
ggF+bbH |1.04%3 P 1.0397° + [ ] 0939111 1197 (M a.aoﬁj‘;q 0.857%
A 20353
VBF [iesti W |1t | MEH etifoe: st 5] -
226,1,27 N 875
et
WH [osesi BB [t 8 | W | owtifiet PR | HBossn|  f—— e
s
2H [o0tt R B [ozsi sz | HEH |10t HBH | H osetz HEsfzH 0712
Incl. 100295 * 1.039% F ' 098970 [1.079% F 094912 q 08797 |-P-|1.22'j§§,’ %1.38'@}';
06 08 1 1.2 0 12 1 2 3 0 1 2 0 1 2 05 1 15 0 1 2 3 1 2 3 0 10 20
Incl. 144 2Z" ww* T bb MU Zy cc

o x B normalized to SM prediction



Kappa framework introduction

® Parametrizes the deviation from the SM with multiplicative

Main Effective

Production Loops Resolved modifier
° ° ° interference  modifier
factors applied on the production and decay amplitudes w7 b 10000 00nm 0005 .
2 2 olgq" —qq'H) - - - 0.27331:%V+0.267K22
g; X Ff K; Kf T (qqZH) - - -8 ,
o X B(H —_ f) = — O'SM % BSM(H — f) o teezi , . v 2ASERE 40456 72— 1903z
L L (ggZH)
FH KH —0.011 kzkp +0.003 &,k
o (WH) - - - K3,
; . . . o(rtH) - - - K?
*  Resolved scenario: all the k; s are expressed with the Higgs couplings to the  uuw) S ew 2909 423106, ~ 4220 Kk
o(tHg) - -W - 2.633 k2 +3.578 k3, - 5211 K kw
SM particles o (bbH) : — S
Partial decay width
*  Effective scenario: treat the loop-induced processes gg —» H, ggZH, H = gg, ™ : : -8
W : . -6
H — yy and H — Zy with an effective scale factors o~ oo G LG 00126 -0k
r*z - - *7
re - - S e
® The Ky term could be expressed as ot 00 0t
rr v W © +0.009 k&7 + 0.008 kwkp
Zf K?BSM (H — f) ~0.002 & kp, — 0.002 K, K¢
Koy = rzy v =W Kizyy L1183, = 0125 ki, +0.004 k7 +0.003 kwiy,
H 1 - B, - - S RER)
5 [HH - - - kf,
°  B;, represents the BR of the invisible decay and the undetected decay Total width (BRin. = BRue. =0) ——
) 581 k5 + 0.215 k3, +0.082
. . +0.063 k2 +0.026 k2, +0.029 £2
*  Several assumptions could be tested to get different k results . ;. G 0wz soise,,
+0.0004 k2 +0.00022 7,




Kappa framework scenarios

O'fXFf _KizK?f

® Lots of scenarios are tested i X B(H = f) = — oM x BM(H — f)
H KH
* Assuming B;, = 0 3, e )
* Fermion and Vector boson coupling K = 1 - Biy,

The k. could be either treated equal to k; (without k) or as
a free parameter (with k)
*  Effective scenario (k; # ki) w/wout k. -> thanks to the improved sensitivity from the VHcc analysis

« Effective scenario (k; = ky,) w/wout kK,

° - -+ ] p
On-shell + Hinv (B;,, free, |ky| < 1) ‘The |ky| < 1is required to avoid degeneracy of

« Effective scenario (k; = k) w/wout kK, “the K /Ky in the likelihood
*  On-shell + Off-Shell + Hinv (B;,, free)

« Effective scenario (k; = ky,) w/wout kK,

*  Resolved scenario w/wout k.

. The 212v off-shell channel is removed due to the
~ overlap with ZH->inv

* K ratio (no requirement on I'y assumption)

2026/8/21 10




Yy xf BM(H - f)

Fermion and Vector boson coupling  «-"i=—=

® Assuming only two coupling modifiers: ky for bosons and ky for femions
® About 10 - 15% improvement in total uncertainties compared with Nature

® The observed (expected) correlation is 40% (38%)

s M - dl W I R A D R =

SIS REEERRESET Bl S S e e S
1A5E o AR ot

0.027 1100 T R

ky = 1.00275 5 (1.000+0.027) 105E o e

1000 =

_ +0.043 +0.045 095 |

0.85 f_ | | | | | [ _:

L I L 1
1.08
Ky

Ll I - L1 | L1 | |- — - — 11 |
0.94 0.96 0.98 1.00 1.02 1.04 1.06

2026/8/21 11




° 2 Yrxf BSM(H - f)
Resolved scenario e
® Loop-induced couplings are resolved assuming
no BSM decay € 12 amas i
e —  {s=13TeV, 126-140 fb’

my, =125.09 GeV, ly | <2.5

or

® The observed values are shown as a function of

u|> Sl $ Ko = K, |
El:% 10 E f K. is a free parameter E
the corresponding particle masses = SM precictir -
b

«  Two models: k., = k; and floating k 10°E Leptons Quars S
o o e : 1% Ll
* The uncertainties of kz,y ¢/ reaches to 5-10% level - - A -] s [N -
1073 = Force carriers Higgs boson —
*  95% Upper limit of k. is 4.1 - | e ] s H]
«  Up to 45% improvement compared with Nature < AP T T
o 1 2 r ]
oq o7 . L * I 1 ’
® SM compatibility pgy = 69/77% o i LI
08 - & -
_lllll 1 111 IIlI 1 1 Illllll 1 1 l]IIIII 1 -

107" 1 10 10
Particle mass [GeV]

2026/8/21 12




Yy xf BM(H - f)

Effective scenario =" g

® Loop-induced couplings are treated as independent _ L e
P ping p K2 ~%.  ATLAS
coupling modifiers assuming no BSM decay | e mmdeevpiizs
. . . R . K i '_’T—1 Leptons Quarks |
® Similar uncertainties for the Kz, /¢/p/7/u/c With ! v v
: ol e Lo ]
reS()lved Scenarl() B Force carriers ~ Higgs boson |
| == CIEEE -
® SM compatibility pgy = 70/78% el | e ‘- |
¢ —t—
)| —— T v
|K-Zy|‘...|‘..‘|‘....= ....... Lo T ........ [

0.8 1 1.2 14 1.6 1.8
68% CL interval

LA e s e e e B W ||||||||| I ||||||||| | ---------

el
| | l i |

o 1 2 3 45
95% CL upper limit

2026/8/21 13




Xy K BM(H — f)

[ J
BSM decay constraint A
. . . . —e——  ATLAS
® Effective senario with floating B;,,,, and B,, adl R s < T 1o a0t
Kt i . s -

* Scenario 1: B; = B,, = 0, only different with previous effective - | v v v ] o [

i = Pu y P wl| e ]

scenario is kyy = k; = Ky, served as reference . =+ D

¢ Scenari() 2: On'SheH + Hinv Combination (Bl ) Bu free; |KV| < 1) lul | =k :‘&:.:..".::..T.:.r.:."., |

*  Scenario 3: On-shell + Hinv + off-shell combination (B; , B, free) Il

® 95%CL UL of B; < 12% for both scenario 2 and 3
® 95%CL UL of B, < 18%/32% for scenario 2/3
® SM compatibility pgy = 75/69/73%

2026/8/21

I, |

—e— B, =B,=0p_ =75%

- --m-- B, B, free |x|<1,p_ =69%
we@ees By, B, free, off-shell incl, Py, = 73%
SM prediction

Parameter value not allowed

14



K ratio model

Yrkf BSM(H - f)
1 —P—B&,

Kf =

® The most model-independent determination of

coupling-strength scale factors

* Avoid the assumptions on the total Higgs boson decay width
 Follow the POI schemes defined in the HL-LHC projection

® All parameters are assumed to be positive due to no

sign sensitivity

Parameter

Definition in terms
of k¥ modifiers

® SM compatibility pgy = 77% e
Aze
Awz
dyz
Azyz
ATZ
Abz
Aur
Acb

KgKz [KH
Ki[Kg

Kz [Kg
Kw/Kz
Ky/KZ
KZy/KZ
Kr/Kz
Kp[Kz
Kul Kz
Ke/Kp

2026/8/21

Koz - i 3 ATLAS
= {s=13TeV, 126 - 140 fb”
1 —— m,=12509GeV, |y,| <25
tg - - 4 --1
B —e— Observed,p_ =77%
ﬂ ——
Zg - -
- - -m - - Expected
AWZ . SM prediction
}"yZ - i -
A’IZ T.-'I'_"
Aoz e
A
7 I R S |
il [ Tﬁ ........ Leviitine, [T | T ..
0.6 0.8 1 1.2 14 16 1.8
68% CL interval
ZyZ | M= e mmmmmmmm-—--- '+‘ --------- |
0 0.5 1 1.5
68% CL interval
Abb"""""""""""""""""r """ f
0 1 2 3 4

95% CL upper limit
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https://indico.cern.ch/event/1520817/contributions/6417709/subcontributions/538424/attachments/3030477/5349757/HL_projection_comb_HIGPapproval_20250312.pdf
https://indico.cern.ch/event/1520817/contributions/6417709/subcontributions/538424/attachments/3030477/5349757/HL_projection_comb_HIGPapproval_20250312.pdf
https://indico.cern.ch/event/1520817/contributions/6417709/subcontributions/538424/attachments/3030477/5349757/HL_projection_comb_HIGPapproval_20250312.pdf

Width interpretation

® Combining the on-shell and off-shell workspaces and constrain the Higgs total width
*  Scenario 1: On-shell + Otf-shell H->ZZ + H->WW only
*  Scenario 2: All available On-shell + Off-shell H->Z27Z + H->WW

® The Scenario 1 could validate the asymptotic app. via a Neyman costruction

® Off-shell Higgs productlon 31gn1f1cance. obs. 3 70 (exp 2.90)

~ ~ ,‘.’
£ 3 ATLAS 1 i < s ATLAS A
< Vs =13 TeV, 140 fb~ ! 7 < Vs =13 TeV, 140 fb™'! 7
Al . o e . 7 (oY} /
h § o HO 52204 HO S wwd K I Full on-shell + off-shell K
6 i -—-- Expected i 6 '- - =+ Expected P
1 == Expected, Stat.-Only / ! —.= Expected Stat-Only J
y2 — gzseweg Statonl H i / 'l —— Observed K I; -
- - served, Stat.-Only s - - ] 3 1
i i F ’ i Observed Stat-Only ! ; 7 L
4t e ! Al LA —ees The most sensitive to date
: A i REY Ny i
. ; ,/ b i %
L , ,
2 /I ] 2 ]
A K o 7]
R X S o e —~{68% CL = -----—68% CL
.0 0.5 1.0 1.5 2.0 25 3.0

b0 05 10 15 20 25 30
My/rEM Fa/EM

P =335 (obs) (41735 exp))MeV 1y, = 3,621 (obs. ) (4.13(exp.)) MeV
2026/8/21 16




STXS measurements

® The measurement within the STXS

ATLAS . [og 2H] |
framework [~0jets] [1iet] _ EE ‘
. L I I N
° Isolated regions providing high sensitivity to ~ £,} Zi £ \§ ¥ 2 ZT ] gzl Sy ]
- : : of o= S i 107

Higgs properties or potential BSM effects = - o | i T ;
° # [Gev]  [Gev] H [Gev] # [Gev]

® Based on STXS 1.2, but with some p " p ’

merging and splitting due to the limit & oue row uncoany =00 = el
Syst. uncertainty

of statistic o SMprodeion |, _ lpfemose] o [pfaz0cer]
- Total 44 kinematic regions, 8 more bins - i ? i o 1.3 e T iIs
1 B 0f .
Compared to the Nature 2t : °5 VH-enriched VBF enr|ched 35_0 7OOI10|00 1560 :o 350 760 1060 15|00 oo

® Up to 35% improvement

mjj [GSV]

mjj [GGV]

= 10°F T AT 102 W ' 0let =1)et! 0jet >1jet! 0 Jet =1 Jet! T = i.é.SUO [
IR e S — =0 = ‘uzoo 15 ob T4
o - ® o T.I' e 10 ¥
° eq o 10" - - I 1 ¥
® SM compatibility pgy = 47% =5 Tty o I 1
p y SM 107 |- _I__ 107 i 1 200F 4
ol e =...~_ J—
10_2 1 1 1 1 1 10_2 Il 1 Il Il 1 L 0
0 75 150 250 400 600 oo 0 75 150 250 400 600 [-4] 0 60 120 200 300 450 [
p¥ [GeV] pZ [GeV] p¥ [Gev]

2026/8/21
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k; interpretation & H+HH combination

® Single-Higgs measurements provide indirect S 7 Amtwmen  imew
V| goimmeics — o
6 —— H+HH K, generic

sensitivity through NLO electroweak corrections,
while di-Higgs production provides direct sensitivity

_:95%CL
Scenario 1: float k) only and fix other k

*  Scenario 2: generic model with all k float

+68% CL

® Compared to the di-Higgs only: L e
251 w \ T T T T T
* 25% (20%) improvement on the k; observed(expected) 68% CI ook ATEAS | setsom — A
E my=125.00 GeV, |yy| < 2.5 - HHH

[ K, free; all other k fixed to SM -
- Expected 3

* The inclusion of single Higgs could help to constrain other k

95% CL interval
o

and yields a more model-independent results

o o
[T
—
- m
—
—
—_—
e
m——
e
—"
| —
- —
m ——
Lol

*  Could help to exclude some 95% region for some truth k;

_10__“‘“\".l...l...l.“l...l...

2026/8/21 18




my,(my) interpretation

® (Quark masses are “running constants” in the QCD theory due to the renormalization scheme

- Experimentally measurable at the LHC using H — bb decay rate which depends quadratically on m,,

® Use I}, /I'z7 as the probe, parametrize it as a function of m;, with simulation

* Could reduce the dependence on assumptions about the Higgs couplings to SM particles

® Provides the first ATLAS direct determination of my,(mg)

® The exclusion of no-running scenario is more than 8 o

mp(mp) = 2. 73+% %75 GeV = 2. 73+% %(stat.)f((’)f4 (syst. )+% 002 (theo.) GeV,

2026/8/21

ATLAS
Vs =13 TeV, 126-140 fb™
m,, = 125.09 GeV

ay(m,) = 0.1180

m,(m,): % PDG world avg. [ RG evolution|  +3a (0.004) [}
mb(mz): ¥ ALEPH
my(m): ® ATLAS Run 2, following PRL128 122001 (2022)

B DELPHI ¢ OPAL 4 SLD

10
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1 : _ (6)
EFT interpretation Lsmerr = Lsm + Z L0 4.

® The EFT framework provides a model-independent way to describe
possible effects of new physics beyond the direct LHC reach

® These effects are described by higher-dimensional SMEFT operators

® Use 116 STXS+BR as the input and parametrize it with these operators

ATLAS VS =13 TeV, 126 — 140 fb™!, my = 125.09 GeV

® Do the PCA and 20 ev.s pass the TH -.&
CCCCC ; + 4 + 4 + 4 4 1 4 4 4 + 4 + 4 1
Cha® ‘ 1| 1| | | | 1| 1| |1 | | 0.75
/ LHC Reach Con :
ﬁ YeXCun i
oo L 0.50
ebol I = | | | | | | | | | || | |
. e![;"’g]H .02 [LEEY 013
Standard Model EFT New Physics o I s L 0.25
agH i
1 4 el['llylv w2y (TN 025 |-0.47|-0.02 |-0.01
4 EFT effects on cross el oo  [ocz 000
5 section (tails) could be el vz oz [0 0o ’
o observable at the LHC el °53 |
ol2) oan 1 <0 aor o F-0.25
el £l 2 L~0.50
elll 047 015 |06 027
ell‘] (121 -0.33 | -0.16 | -0.28| -0.16 0. 22|-0.11
g i —1 —1 i i i i L -0.75
Sketch by Nicolas e{?] 0.03 |-0.13 LN -0.13| -0.08 0. 11{-0.02|-0.01 .
YRS N L o e e 11 oot [0s1]
> Egiol
mass [ e L 100
oooooooooooooooooooooooooooooooooooooooooooooo
s S 5 o*o%%@%&{“’&%@ B % Yon B T8 O B, %y P Lyt T By e By %% %0 5, 5, "g}"’oo‘; 5

23
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EFT interpretation

. PerfOI'm the fit fOI‘ A — 1 TeV 1 225£3/,126—140fb*1,my=125A09GeV, [yl < 2.5 SMEFT A =1 TeV

WH -4y
c EH—»Z»,
° ° 9 | H— ww
® Both linear and linear+quad results <3 iz
33 N
le) . . c H— cc
«  Up to 55% improvement on the constraint compared 3 w
o —+ Hp
. . . . @
with Nature combination version g B
Q.
[ ] [ ] o
® The results are compatible with the SM :
@inclusive
ATLAS 1w b i : 032
V5§ =13TeV, 126 — 140 fb~", m,, = 125.09 GeV, |y4| < 2.5 SMEFT A =1TeV -, —Linear (obs.) : : : =
- Rl — (obs) 0.32 = E I —Linear (exp.) )
E I —Lin.+Quad. (obs) E % 100 1 E
£ 1o = 8 g 'S
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5 = o 1077 32 =
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5 10| 2 3 N i g
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g8 ] e 95 % CL g3 } { T 95 % CL
3E ] €5 ]
3 8 [ = :
o N I - N 1
S E + © 1
e | 5E ]
= 4| : 1 uz ]
L H H : i 3 .
R £S5 SN % %
‘S ~ +, Z
<~

2026/8/21




Next step

® Soon there will be a combination with CMS

¢ CMS has already released their Run-2 Higgs combination result at Moriond
¢ There are already some study about STXS harmonization
¢ C(learly a long term project CMS

CMS Preliminary 138 fb~' (13 TeV)

ATLAS . E>|> 100;!] T B RERI | T LR | T LS RS | ty ]
Parameters Best fit Stat Syst > E my = 125.38 GeV E
A ' ' Resolved «,, k.., & 0.06 +0.04 +0.04 e [ psm=0.12 ‘ ]
m I This analysis ?_TL?GSTISI'I\:e:gaGI 140 15" Parameter gty Ry Kw 1'05+0.05 —0.04 —-0.04 & 0_1 __
Nature 607 52 (2022) k. free floating (+8gg) <+0 04) (+8 gg) N i
_ Free . Ke = ki & 1.07+096 +0.04 +0.04 el
-40% Z —0.06 —0.04 —0.04 X 10 2 o ‘Obssried —
I serv E
+0.09 +0:406 +0.04 H0> - T 68%CL (stat @ syst)
-45% Kz 0.99 0.98 +0.05 (‘006 =00 S - 5 1
o + = oot |ty 8 10} - St

-45% g Y - . E B Vector bosons E

KW 1 0]. —0.07 1 .00 +0.04 (+8(0]§) <+ggg) (+0 05) E/ =l 3" generation fermions

-33% |- mm 2™ generation fermions

012 008 +O()9 AJJ = ll e | t ) s SR LlJJ —

) K; 0.93+0-091 (5 93+0.06 Kp 0987017 008 ~0.08 1.5pT — : —_—
R -0.07 -0.05 (+o 12) <+0 08) (+0 09) i 11 ]
—0.12 0.08 0.08 s [ 1 i 1
: : 8% |&p| 0.92 "’8 H 0.91 "’8 (l)g . 0.90+008 +0.05 +0.06 - [ | { i lé |
0 005 01 015 02 025 03 035 04 0.10 T ;g‘g; ;gg’; ;g gi E 1.0 I [ i % 1.0[— 1 i
o Ikl 0.95%5 05| 0-94=0.06 (o) | (o) (‘o) & : ‘
°] . : . . . X 1,09+020 +0.18 +0.08 | 09l i

0 1 2 3 4 5 |K I 1 09+0 .28 1. 08+0 .25 [ =021 —0.19 -0.08 okl v vl il

Expected uncertainty K -0.32 -0.31 (tg-ig) (1‘8‘52) (*8 8§) 107" 10° 10' 10

i ’ Particle mass (GeV)

® There maybe a plan for the partial run3 combination, not decided yet
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https://arxiv.org/abs/2602.18611
https://indico.cern.ch/event/1622836/contributions/6995704/attachments/3238785/5776077/Kunlin_STXS_Acc_20260202.pdf

Summary

® We have just released the Legacy Run-2 Higgs coupling combination

*  Our group contribution: statistic tools development, STXS results, k) interpretation &

H+HH combination

® This combination delivers the most comprehensive picture of Higgs-boson
production/decay and their interpretations using the full Run-2 dataset

* 4 on-shell analyses, 4 H—inv analyses, 2 off-shell analyses, and 6 di-Higgs analyses

® All results are compatible with the Standard Model, with no significant
deviation observed

® There will soon be a Run-2 combination with CMS, and maybe a ATLAS
partial Run-3 combination
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Zf K]g BSM(H - f)

Resolved/Effective scenario without x, -5

K —e—
‘ - - ATLAS
i Vs =13TeV, 126 — 140 fb”’ 7]
KW . :: o m,, =125.09 GeV, |y | <2.5
K s Leptons Quarks
t - -

Vel V| Vel U | € _
|Kb| . A € d S‘n

Force carriers Higgs boson

x| -y H
|K‘Ll | o ____] _
|Kg| Binv. = Bu, =0
- — Effective x,,k,,k7,,p,,=70% |
|K‘ | e -~~~ Resolved ky,x,,kz,, Py = 69%
’ L — SM prediction |
|KZ }/l ! @

68% CL interval
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Resolved scenario improvement

m - This analvsis ATLAS Internal
4 Vs=13TeV, 126 - 140 ft'
Nature 607 52 (2022) Ke =K,
-16%
-15%
-25%
17%
-19%
0 0.|05 D[.1 I:I.:|5 0:2 G.I25 OI.S 0.:'35
Expected uncertainty
2026/8/21

T T T T T T T T

P This analysis
Nature 607 52 (2022)

ATLAS Internal
Vs=13TeV, 126 - 140 &’
K, free floating

=40%

-45%

-45%

-33%

-41%

6
Expected uncertainty
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K, interpretation &
H+HH combination
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Higgs self-coupling interpretation

® Measurements of the Higgs trilinear self-coupling N
k3 can be performed through the single Higgs

process measurements with an indirect way

® Sensitivity through NLO EW corrections:

* Universal 0(4%) correction due to Higgs wavefunction

. to production and decay modes
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Higgs self-coupling interpretation

® The measured production cross-section and branching fractions (BR) in each
STXS bin could then be parametrized as a function of «x;

; f
BSM (k3 — 1)C BREM K2 + (k- 1)C
o A f f 1
pi(ka, ki) = —or = Zgy (K2) [Kf y—— uy (kasky) =~ = T -
o w 7% BRM [+ (k- 1
® (; isthe process and kinematic- - (k) o5y
. . . E:II"II"VIVIYYI"III|VTIIII‘II lllllllll
dependent coefficients which encodes the F o(pp — H(H)+X) 1

5—E= e -
magnitude of the k;-dependent e

corrections (linear correction)

Cross section (fb)
S
o

-
(=)
o

™
[(=}
Q
T
T
L

-
Q
>
|
|

e 772°M is the wave function

renormalization (universal correction) 1¢ﬁ

L 4 E

»

factors represents the full set of NLO _
EW corrections 5 5 0 5 0 5 10 15 20
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Single Higgs Parametrization

Use differential STXS to precisely estimate kl contribution

Stage 1.2 VH = V(— leptons)H
| \ ’
g H g— ZH ZH pr
[ =o0et |[ = 1et || o | aq— | | 99— | B
0
] il ] . 60
__ Z— 7]
mj;

s ] l I ] 75 I—_% ’—_bl_l_,% -

> | ; | [ ¥ [0,200] | . [ i 200, 00] | lsoﬁl—ﬁ ’—_% 00

e 0 i : : 300

120 - 400 it . -

350 ' : . H ”

0 25P¥“oo 600 blaiat_diet > o ot | Quiot_deist > o iot | 55

Plrmo 25 oo > 0 25 oo

2 = Hjj, 5x10° MC events —E
. C1 and Kgy, is derived in each STXS bin [LHCHWG] 5t el
The differential C; for ggH is only available as the function of the p¥ [Ref], the a E
impact is checked and found negligible -> still use the inclusive number 0.0066 " =

* Inclusive Cy is also used for the single Higgs background in the HH analyses N SRR
- Obtain the values for the additional p¥ = 600GeV split binning '

1.01

+1c variation
nominal

0.99

- 098
bin ZH,400 < p¥ < 600 ZH,pY > 600 WH,400 < p¥ < 600 WH,pY > 600 orlglsisty e el gttt
[ ] :\ :I 3 2, E, ] 3 ;I 2. ;\ g. 2 f b 3 ;,I 2, ;\ E. b} 3
Cy x 100 ~0.069 ~0.074 ~0.060 ~0.065 EEEEEEEELEEEEIEEELEE
Kew 0.831 0.755 0.768 0.692 2883388888388 8sFsfgds
T olaadeddadaEbbbbbh
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https://cds.cern.ch/record/2803606
https://arxiv.org/abs/2408.13186

Single Higgs results

® Follows the same procedure with the previous H+HH combination [Ref.]

® Obtain the k; scan results and quantify on the expected 95%CI

*  12% improvement compared to the Nature

* 9% better compared to the CMS

® Also obtain K, vs k; contour plot

13 , \ & 13 :
| ATLAS Internal —— 68%CL | ATLAS Internal — 68%CL
| ATLASdata 95% CL . ATLASdata 95% CL
L VE=13TeV, 126-140fb"" Best Fit [ V5=13TeV,126-140f0"" Best Fit
1.2~ Expected .+ SM — 1.2~ Observed + SM —
11 - 11 -
1.0 . 1.0 =
0.9/ . 0.9/ =
-10 -5 0 5 10 -10 -5 0 5 10
Ka Ka

2026/8/21

+1o0

K, Interval Obs. value’;7 | Obs. 95% CL Exp. 95% CL
Single H comb -0.883 88 [-5.31,8.76] | [-4.35,10.56]
Previous H comb 2.5%%8 [-4.0, 10.3] [-5.2, 11.5]
CMS 2.1%%9 [-3.3,9.6] [-4.6,11.6]
< 8 ; : . - 8 ; -
g - ATLAS Internal — Total | % - ATLAS Internal — Total |
v 7 ATLASh_Comb - v 7 ATLASECDmb _
I Run2:v's=13 TeV, 126-140 fo™' . I Run2:vs=13 TeV, 126-140 fb~' .
B Expected = 8 o8 3
- 1.003% -
5: 5,
4i %95%CL 4;
o i
I |
1; Je8% oL 1§ :
o !

595% CL


https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub
https://arxiv.org/pdf/2602.18611

H+HH combination

® We could combine the single Higgs with di-Higgs to maximize the K, constraint

« The Higgs self-coupling is directly accessible in the HH production at the LO

* The main advantage of adding single-Higgs is that could relax the assumptions about other k

® HH input: combined HH workspace (5 channels) used in the ATLAS + CMS HH
combination [WS]

* Implemented the missing kappa dependence on the HH signal parametrization
Which was trivial in the HH only case

Apply the lumi. Shift for the HH4b channel (126 fb™1)
Same SF with other channel (140/139) suggested by lumi. group
To be consistent with VBF bb channel
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https://gitlab.cern.ch/lhc-hcg/Run-2/hh-combination/atlas/-/blob/master/v2/0.root?ref_type=heads

H and HH overlap results

® The overlap inside the single Higgs and di-Higgs is already studied

*  Mainly focus on the overlap between Higgs and di-Higgs channels

® The VBF bb vs HH4b was observed and studied in the previous analysis

* keep these categories due to the negligible impact

® Two newly observed: HHML vs ttHML and VHWW vs HHML

» both mainly occurred in the 21SS category of HHML £ o o
*  Test the results removing it g ( _
« Negligible (<1%) impact on the expected result ) :j :
* Also keep this category (fbj - oo
K, Interval Observed @95% | Expected @ 95% (W”(u:wf: : DZ @
H+HH nominal [-1.46, 6.51] [-1.54, 6.80] i DI D D B

0.0 0.0 ‘ 0.0 ‘ | 0.0 ! 0. 0.0 X . X X 01 ‘ 0.9
“thbgc! H('f"ﬂ ¥ H‘(I:M\.\J’:IQQF"VBH\I@F ST nH(bm m_wu i Hi‘ﬂ HLDD)HHLDDH)HH("MT] HH(ab) y\H(MU HH(W“‘
lall

H+HH (removing 2LSS) [-1.45, 6.39] [-1.56, 6.82]

Rel. fraction of SR/SR overlap events in reference analysis [%]

33
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H and HH Correlation study

® The inputs are already combined single Higgs and di-Higgs workspaces

* The correlation inside each side is already well studied

*  Only need to consider the correlation between H and HH

® Follow the same “advanced” correlation scheme as in the last H+HH combination: the NP
with >0.5 pull or <60% constraint will be treated as uncorrelated to avoid tension

*  The number of correlated NPs decreased from 112 to 62

« Tiny impact on the final results

< 8 : - ‘ : - - < 8r - - : -
£ [ ATLASIntermal T i penerg oo ] £ [ ATLASInemal et peneteoor 1
& 75 Run2:vs=13TeV, 126140 ™! — & 75 Run2:vs=13TeV, 126-140 ™! —
. . 6 = 8L Expected =
Correlation scheme Best fitted value 1-o error 95% C.L. interval = E ]
50— - 5 -
4F < 95% CL A oL
No-correlated 0.66 3% (-2.20, 6.06) g ] g E
. aF 3k —
2f 2 =
Advanced 0.68 e (-2.14, 5.98) 1E el ) SN N G — e oL
0-: U_: :8
Kx K
(a) (b)
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H+HH Kk, scan results

g 8T
® Two scenario is tested and the improvement is N 7 A 204 =
o (] sf_ Xpecie _E
quantified on the expected 95%CI | S F
* Kk, float only: 14% improvement e | R A D
af- 3
*  Generic model (floating all the kappa k;, k¢, ky, kp, Kk except kpy): b E
16% improvement TN\ = B
085G 25 00 25 50 75 100
< B ——
S [ ATLASinema 1 =
K, Interval Obs. value*1? Obs. 95% CL Exp. 95% CL T 7 s SIS Ten 1z 0w S
H comb -0.88+3:88 [-5.31, 8.76] [-4.35, 10.56] SE E
HH comb 3.53+2:3¢ [-1.31, 7.19] [-1.71, 7.18] °f /
A\ NN/ e
H+HH K, only 1.30+319 [-1.49, 6.49] [-1.55, 6.80] E 1ot
3 —
Previous H+HH k; only 3.0718 [-0.4, 6.3] [-1.9, 7.6] N E
H+HH generic 0.62%251 [-2.14,5.91] [1.62, 6.88] e NN\ A E
Previous H+HH generic 2.3721 [-1.4, 6.1] [-2.2,7.7] N E
. -6 -4 -2 0 2 4 6 8 10
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H+HH 2D scan

® Two scenario 1s tested

* Kk, vs k; (all other k fixed to SM) e . . .

- 1.3 T T T T T

e 10 ] S ]

| ATLAS nternal —— H+HH 4 | ATLAS Internal —— H+HH ]

. |- H Combination — H 4 |- H Combination — H |

|- Expected — HH 4 |- Observed —— HH |

* K, Vs ky/kp (another k fixed to SM) P o I =3 - I T B SN - N

F * SM ] F * SM ]

. . . — , ] i , 1

+ Plots with other k profiled in backup b S— Sl t T

RS : \ - .

B Y ] I L N

- N | 1 N i [

10 | : i 1.0~ i ! -

° ° o [ B = I /o

® Combining H and HH could well : X P : i

[ — esxcL | [V Y ] i L -t ’

O S e . T S0 B Ry S .

° L ! i 1 L i H ]

C 1 L 1 1 1 - C 1 1 L L L L i 1 .

constrain k; and other k together R I

Ka K
& 1.6 T T T 3 T T T T :é' 1.4_\ T T T 7] )L:L 1.25- T .
 ATLASInternal H+HH T r ATLASInternal H+HH i - ATLASInternal —— H+HH ] E ATLASInternal —— H+HH ]
H Combination —H 1.4/— H Combination — H — " H Combination —H ] 1.20(— H Combination — H =
1.4 Expected | — HH ] |- Observed 1 —— HH 1 1.3— Expected —  HH —] [ Observed —— HH E
[T VE=13TeV, 126-140fb" I X & Best it (H+HH) F V5=13TeV, 126-140fb" .. & BestFit(H+HH) | L Vs=13Tev, 126-140fb™" & BestFit (H+HH) - 1.15|— vs=13TeV, 140fb™' 2 Best Fit (H+HH) —
L - S,k SM i r o Kk SM § r 7 F * SM E
B P \ i 1.2 . \ - 12 — 110 . : =
1.2 — r 1 L 1 = / ; ]
L | E . - B 1.05 ____,"._,. __ i —
C i I ] 1E B g I e E
L« e ungua S 1.0 . - p ] 1.00[ ST =
1o SUCE S - L | N / i B / VTN E
| ——- i - \ - C 1 [ ! =
| i [ 7 1.0 Y — 0.95 '\‘ ; E /I —
L 4 r 7 L A B F \ 1 i 3
0.8 \ S 0.8~ ] - 1 0.90F F i =
[ —— 68%CL o i | — 68%CL AN - i 09~ sanoL | 7 F — e8%cL ul g
- === 95%CL AN o 1 --- 95%CL S F === 95%CL b 0.85— ___ 95% CL | ~
- S - . r 7 - B E i :

0.6 5 0 5 10 15 06— 5 0 5 10 15 0855 3 75 0.8055 3 5 0

Ka Ka Ka Ka
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Prod. Mode breakdown results

& ATLAS Internal

® Only parametrize each prod. mode to see contribution © 7f awe-ieme e

2In/\

* Turn off all the decay mode parametrization

~J95% CL

« ggF>VBF>VH, ttH dominant in low boundary

® The central value shift could be explained by the large

4 68% CL

improvement on the ttH pI‘Od. (~4OO/O) 92:0 0 0 0 20 30 40 ;0
+1o K
£0.20 +0.12 K, Interval Obs. value” j; . |

r_ttH-I_tH 0‘97—018 0.77_011 H comb —Ogltggg % 85 ATLAS Internal _ E

v 7 Run2:vs=13TeV, 140 fb™" —

Previous H comb 25158 - —

6? Expected i

K; Interval Observed @95% Expected @ 95% - -
HH [-1.31, 7.19] [-1.71, 7.18] foswcr

ggF [-6.36, 10.92] [-8.33, 13.14]

VBF [-10.07, 15.16] [-9.18, 14.43]
- 68% CL

VH [-12.88, 19.16] [-12.99, 16.27] - | ' :

30

ttH + tH [-10.49, 3.53] & [18.56, 42.99] [-5.76, 28.93] K
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Relative impact wrt. truth i

- ATLAS Internal
— Run2:vs=13TeV, 140 fo~'

-2InA

® Get 95%CI of H/HH/H+HH as the function of truth x;,

* Generating post-fit Asimov with different truth k; assumption

* To see the relative importance of H and HH given each «; :: U2 Y R A
® HH still dominant when k; derivate from SM, but N N /. E
single H could help to exclude some 95% CI region O35 oo 25 50 / 0125
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my(my) interpretation
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my(myg) introduction

® (Quark masses are “running constants” in the QCD theory due to the renormalization scheme

PDG world average:

Several LEP experiments and SLD measurement average: m,(m;) = 2.82 + 0.28 GeV

® Experimentally measurable at the LHC using results on Higgs coupling to bb

's‘ 4.55
® First m,(my) result uses ATLAS & CMS data [PRL] %3‘5‘;
« mu(my) = 2.60153% GeV 2

Assuming the SM-Yukawa, H — bb decay rate depends quadratically on m,,

IFIC-UV/CSIC, PSI, U. Tohoku, U. Vienna (2021)
T T L

.
(4]}
TT T

1o compatible with SM & 7o differs from no-running scenario

—
g N
lll]l

o
[6 ) I

- [mmg) =282 L058 GV

T l T T l
T imyp(my) = 4.181’8183 GeV

(Average)

tmy (my) = 2.6070:3% GeVl

- my(m): x PDG world avg. lRG evolution D*ﬁu.

[ mym): 0 DELPHI OSLD 4ALEPH ¢ OPAL

*9F my(m):o ATLAS'20 © CMS'19 > average (this work)

oll

Ll 1 Il Lol
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.122001

Methodology

® Use BR(H - bb)/BR(H — ZZ) as the probe

* Could reduce the dependence on assumptions about the Higgs couplings to SM particles

) 513redicted evolution of bb/ZZ signal strength with mb

® Input WS: 6XS + BRs ratios, parametrized with XX/ZZ T ey e

2.25¢

== Parametrization of pspzz |

* The BRis expressed relative to BR;,, and the production POlIs are 200}

measured as o; X BR;,

® Parametrize the ppy,,z; = f(mmp) with a 5*-order polynomial

*  Derive the predictions on the BRs by HDECAY v6.61 075}

¢ Correct the package to match the YR4 in the SM case (diff. within 0.1%) R SR E X (160) [éﬁi"V | 35 375 400
mp(Mmpyg c

¢ 3602 scan points from 2.2 to 4 GeV, 0.5 MeV as steps

« Coefficients obtained by fitting the predictions _ T(H > bb)/T(H - 2Z) ~
p(x) = C(H = bB)sy/TH = ZZ)snr where x = mp(mp)

°  The residuals less than 0.0002 -> uncertainty neglect = 0.01477 — 002547 - x +0.1472 - x* — 0.0062897 - x° + 0.0010008 - x* — 0.0000694 - x%,
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6XS + BRs ratios Results

Best-fit cross-sections and branching ratios

T T T T L e LA I

ATLAS Internal

————
— SM
1 6XS+BR(XX/ZZ)

Bww/Bzz 1.13:833
Bz,/B ——R.07153
zylBzz LYY
Bys/Bzz 91096133
Bcc/Bzz } ® 140358
BMMIBZZ He—i1.24338
B-r-*--;—/Bzz -gsig%g
Byy/Bzz 1062313
Over X Bzz 1.0028:1
Own X Bzz .941839
Ozn X Bzz 1.002533
Oggr X Bz> .99':8;33
Oy X Bzz F @ :5.23i§;§'§
Otin X Bzz 612515
1 1 1 I 1 1 1 I 1 1 1 I L 1 I 1 L 1 l 1 1 1 | 1 1 1 I 1 1
-4 -2 0 2 4 6 8
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Signal strength (L)

Bww/Bzz
Bzy/Bzz
Bus/Bzz
Bc/Bzz
Byu/Bzz

Br+r-/Bzz
Byy/Bzz
Ovpr X Bzz
Own X Bzz
Ozn X Bzz
Oggr X Bzz
Oy X Bzz

Oty X Bzz

Intermediate fit results without m;, parametrization

Best-fit expected cross-sections and branching ratios

ATLAS

—
Intern

al

L B A LA R B R

— SM
1 BXS+BR(XX/ZZ)

1.00181%
1.004837
1.001339%

1.00:3:3

1.00:8:8

1.0015:18
1.00:312

1.0015:12

j1.00+2.88

0.20
1.00:0.17

0 2 4 6

Signal strength (L)




my(my) results

® Reparametrize the pyp/z7 and get the my, fit results

* Compatible with the “running ”prediction

® Also get the interpretation of p;,/77z from CMS Legacy Run2

o A5 e, g ATLAS Internal (5= 13 TeV, 140 b
o ATLAS Internal ] By="125.08 GV, [, 1= 28
O 4 {s=13 TeV, 140 fb’ . Ogor X Bzz BEMN 0.29 0.25 0.23 0.23 0.11-0.62-0.61-0.35-0.27-0.14-0.13-0.01 >
@n 3 55_ m, =125.09 GeV, |y, | < 2|5 _- Oyge X Byy ' 0.26 0.26 0.24 0.09 —0.38-0.45-0.57—0.34-0.10-0.13-0.02 0-82;’_
= : .ubb/ZZ — 066i8%1 (CMS) oWszzz (M 0.24 0.23 0.07 -0.30-0.34-0.26-0.47-0.04-0.06 0.01 0.6
3 Ozn X Bzz |0.23 026 0.24 [ 023 0.00-0.28-0.28-0.29-0.50-0.03-0.06-0.07| " | ,
C Oy X Bzz [0.23 0.24 0.23 0.23 0.33-0.23-0.29-0.25-0.39-0.04-0.05-0.02
2.5 Oy X Bz710.11 0.09 0.07 0.09 -0.33JMEMM0.18-0.10-0.14-0.15-0.01-0.02-0.01 =02
E_ > B,,/B;; |-0.62-0.38-0.30-0.28-0.23-0.1 IS  0.32 0.10 0.11 0.02| —0
F my(m,): ¥ PDGworld avg. [ RG evolution :\ my, (mH) — 27 6t8%2 GeV Byw/B, |-0.61-0.45-0.34-0.28-0.29-0.1 U020 0.34 0.10 0.1 002) | 4,
1.5 . : B.../B,, -0.35-0.57-0.26-0.29-0.25-0.14 0.43 0.39 MM 0.32 0.08 0.09 0.02
E""(mz): PERERIL LS. W AP g mym.. ) |0.27-0.34-0.47-0.50-0.39-0.15 0.32 034 0.32 JJRI 0.04 007 0.05| | 0
E_"B(’"H): m CMSRun2,[,/T,, o ATLASRun2,fm (m _: B,;"‘/gzz 1-0.14-0.10-0.04-0.03-0.04-0.01 0.10 0.10 0.08 0.04 —1-0.6
0.5t | O ] 2/B27 1:0.13-0.13-0.06-0.06-0.05-0.02 0.11 0.11 0.09 0.07 0.03 ) — 08
10 102 B/B;; |-0.01-0.02 0.01-0.07-0.02-0.01 0.02 0.02 0.02 0.05 0.00 0.00 I
Q [GeV] M M S A ;\I g q o .
><u~ ><lL xI ><I ><I X:}\E\':E’\:IE}
e o6 6 8 5 i =

0.22 0.15 0.07 0.27
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Running test

® Agreement with the “running” scheme could be quantified by fitting the measured m,(u)
results with a parametrization:

m(u;x,mp(mp)) = x [mi}GE(u,mb(mb)) - mb(mb)] +mp(mp),

The mR¢E(u, my,(m,)) described the RGE evolution in the SM

*  Use Revolver software to produce 2D prediction and get function by interpolation

4.3

~
=
=
N
=
E

* x characterizes the running scenario, 0 -> no-running & 1 -> SM g

*  x* minimization with 1 my(m,,), 4 my(my) and 2/1 my,(my) points

=== my(my)=4.18

100 120

® ReSUItS With CMS mb (mH)' ok 20 40 6 80

0

 x =112 % 0.10, 10 compatible with SM & 11.2 ¢ differs from no-running scenario

® Results without CMS m,(my):
* x=1.04 £0.12, 0.40 compatible with SM & 9.4¢ ditfers from no-running scenario
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Summary

® i framework measurement
* Results with no BSM contribution are updated and the difference with CONF is understood
¢ Add H->inv search (constrain B;) to obtain the results with B;,, float
* Add off-shell analyses (constrain kj) to obtain the results with By, float

¢ Add both H->inv and off-shell analyses to obtain the results with B; ,, float

® k; interpretation and H+HH combination

* 1D and 2D scan are all complete

® my,(my) interpretation

*  my(my) is measured and the no-running scenario is excluded with 11.2(9.4) o w/wout CMS
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Systematics treatment

Changes since CONF publication:

ttH ML: Update to 140 ifb workspace
tH, H—bb [Ref.1,Ref.2]: new tH analysis. Only the SR is included

Input analyses modifications:

e Allinput analyses luminosities were scaled for 140ifb new recommendation,
except VBFbb

e Boosted H—bb luminosity is also scaled with the current recommendation
Ref.

e Branching ratios were reimplemented and merging uncertainties were injected

e H-—VV analyses with mass 125 GeV were corrected to 125.09 GeV. The rest
was kept as-is, since the impact is well below the theory uncertainties

Correlations:

e All nuisance parameters are correlated, except background theory and flavor
tagging (FTAG)
e FTAG are decorrelated when the parameters have an incompatible treatment:

o  Different CDIl taggers areused T !

o Different working points (WP) I depth study on further slides E

2026/8/21

H—yy [Ref.]: New workspace with piecewiselnterpolation instead of custom response (smaller size and compatible with new ROOT)

VH, H—bb/cc [Ref1,Ref.2,Ref.3]: Inclusion of VH GT600 splits. Pruning was also applied to mitigate the buffer limit issue

Uncertainty Correlated Note
Luminosity yes
Plleup nv yes . Correlated if same
Electron yes release and calibration
EGamma yes schemes/CDls
Muon yes . Decorrelate NP that is
Tau yes pulled by >0.5 in
MET yes individual channel
Full JER yes . Correlate the VHbbcc
JES yes JER/JES NPs
FTAG No (Updated compared to
: CONF)
Signal theo yes
Background theo No
6
[1st HIGP]
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https://indico.cern.ch/event/1620467/#3-higp-approval-hhmon-higgs-le

STXS Merging scheme

Merging scheme principles [Ref.]:

e ABinis measured if and only if
there is at least one input analysis
sensitive to it

e ABinis merged if the expected

sensitivity is significantly higher
than 1.00

Remarks:

e (-jet VBF sensitivity is very low Two
analyses attempt to measure VBF
low N-jet:

o  HWW: 1-jet
o  Hyy:inclusive 0/1/2-jet bins
of low-mjj VBF

e bbH isincluded with ggH in the
production scheme. Input analyses
are scaled accordingly [Ref.]

e  Hrr does not include tHW and tHQ
splitting:

o Itistherefore split by the
expected cross-section

o  The impact of this is
negligible

2026/8/21

Stage 1.2

[ + bbH
[

I
[ =odget | [ =1det ]

250

400

600

Stage 1.2

| = O-jet ” = 1-jet ||

mgjj [350, OO}
Py [200, 0]

m;; [0, 350]
iy I

0 || [0 ]

60

120

350

e o
Hji

5
Pr

0 2

o

Stage 1.2

tH=tHW+tHQ

[1st HIGP] 12
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Expected correlation (Resolved scenario)

Expected Vs = 13 TeV, 140 fb™ Expected Vs = 13 TeV, 140 fb™
ATLAS Internal m, = 125.00 GeV, |y, | < 2.5 ATLAS Internal m,, = 125.09 GeV, |y | < 2.5

Kz : : -0.04 0.16 0.05 0.8 Kz 001 010 003  0.29 082
8 8%
. 0.6 Ky 0.6
w
—0.4 —0.4
Kb
K —10-2 —0.2
—0 Ky —0
- —-0.2 —-0.2
KT
—-0.4 —-0.4
Kf.'
—_06 Ky —-0.6
Ku —|08 .. —-0.8
— 1 —
Kz Kw Kp K Kt K K Ky K K, K. Ky K¢
Ko = K¢ Ke # Kt
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Expected correlation (Effective scenario)

-1
-1 =
ATLAS Internal Expected VS = 13 TeV, 140 fb ATLAS Internal Exf,]e"‘t_e?gsgoggg\fvb'ﬂl“f s
my, =125.09 GeV, |yH|<2.5 H~™ ' Uy =
1 ~ <
Kz 028 005 010 004 027 003 -0.11 ; 009" 003 pueey 0.03 -0.05 puy 08><‘
08 o=
= 0.10 0.03 0.24 0.03 0.05 0.28
Kw 0.04 0.13 004 030 004 0.05 06
0.6 :
0.21 0.04 022 0.02 0.26 -0.12
Kp| 0.28 035 006 036 004 040 [ |, —0.4
0.00 0.01 0.00 0.01 0.09 0.21
K;| 0.05 0.04 -0.02 000 -0.04 001 010 | —_p2 —0.2
K:1009 010 021 0.00 0.03 0.20 002 0.09 0.16
K:| 010 013 0.35 004 026 003 012 | —0 —0
K, 1003 003 004 0.01 0.04 0.01 -0.01 0.04
K.| 004 004 006 0.0 005 001 -001| —1-0.2 —-0.2
K,1022 024 022 0.00 0.20 0.03 -0.09 0.22
—-0.4 —-0.4
K 27 : ] -0.04 0.2 0.05
70 0.30 0.26 Kz,1003 0.03 002 001 002 0.01 0.03 0.00 0.02
" —-0.6 —-0.6
—-0.8 —-0.8
Kg|-0.11 005 040 010 0.12 -0.01 K:1 029 028 -0.12 0.21 0.16 0.04 0.22
—1 —-1
K Kw Ky K, K Ky Ky Kz, Kg K, Ky Kp K, K: Ky Ky Kz, Kg K¢
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Expected correlation (x ratio)

ATLAS Internal

Vs=13TeV, 126 - 140 fb™
m, =125.09 GeV, |y, | < 2.5

Kgz 014 -046 -0.48 -031 -026 -0.02 -0.10
Ayg 035 -013 -0.06 -0.16 -0.33 004 -0.01
Az | -0.14 052 -0.23 -043 -049 008 -0.07 || |
Mz | -0.46 -0.13 -0.52 035 036 -002 009 | _
Az |-048 006 -0.23 042 029 001 010 | —
Ay |-031 016 -043 035 038 037 -019 009 |
Ayz| 026 033 049 036 029 0.08 | |
Ay |-002 004 008 -002 -0.01 -0.19 000 | |
Azyz | 010 -0.01 -0.07 009 0.10 009 008 -

»  F N (:g B s 7 ;5.

Ke = Kt
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—

>
08X

(o
0.6
0.4
0.2
0
0.2
0.4
06

-0.8

ATLAS Internal

{s=13TeV, 126 - 140 fb™
m,; =125.09 GeV, |y | < 2.5

‘1 -
ng -0.19 -0.14 -0.46 -0.48 -0.31 -0.26 -0.02 -0.10 -0.01 >
0.82
lt,g -0.13 -0.06 -0.16 -0.33 0.04 -0.01 0.00 ¢
0.6
szg -0.14 -0.23 -0.44 -0.49 0.08 -0.07 -0.01
—0.4
Myiz |-046 013 -0.52 043 035 036 -002 0.09 0.2
—0.2
kﬂg -0.48 -0.06 -0.23 0.43 038 0.29 -0.01 0.10 0.01
—0
A, |-031 -0.16 -0.44 0.35 -0.19 0.09 0.01
—-0.2
A7 |-026 -0.33 049 036 029 037 -0.04 0.08 0.00
—-0.4
kp!r -0.02 004 0.08 -0.02 -0.01 -0.19 -0.04 0.00 0.00
—-0.6
?“zwz -0.10 -0.01 -0.07 0.09 0.10 0.09 0.08 0.00
—-0.8
kdb -0.01 000 -001 002 0.01 0.01 000 0.00
—1
™~ = Ry N N ~N N X ~N 2
Em (-2?: c*iN (<§ (<;- ({p ({.c: ({:. ({':‘- ({u
K. # Kt
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Observed correlation (On-shell + Hinv)

B, is bounded at zero, when the best fit value is B,, = 0, the results from Hesse don't have a clear interpretation
since you cannot just interpret the uncertainties from Hesse, neither the correlation matrix
This matrix was not published in Nature either, probably because of that

Vs=13TeV, 140 fb’

ATLAS Internal my = 125.00 GeV, ly | < 2.5

Kzo.oo 0.27 0.0 0.19 0.07 0.33 0.06 -0.10 0.11 —-0.03 ;
0.8~
Ky | 0.00 -0.01 0.05 -0.01 -0.01 -0.03 -0.01 0.03 -0.03 -0.29 <
0.6
Ky [0.27 0.50 0.07 0.36 0.10 --0.05 -0.01
¥ |0.10 005 0.15 014 003 0.15 0.05 0.8 013 -0.01] |04
K;|0.19 -0.010.50 0.06 0.32 0.10 0.18 0.06 0.00| —0.2
K, [0.07 -0.01 0.07 0.03 0.11 0.04 -0.04 0.03 -0.01] —0
Ky|0.33 -0.03 0.36 0.15 0.32 0.09 —0.19 0.12 -0.01| —{_g 2
Kzy|0.06 -0.01 0.10 0.05 0.10 0.04 0.09 0.01 003 001 _| 5,4
Kg|-0.10 0.03 -0.18 0.18 -0.04 -0.19 0.01 003 001 | oo
B,| 0.11 -0.03-0.05 0.13 0.06 0.03 0.12 0.03 -0.03 0.00
—-0.8
B, |-0.03 -0.29 -0.01 -0.01 0.00 -0.01 -0.01 -0.01 0.01 0.00
—-1
~N 0 T+ [~ = o= >= oD o 3
N I " A R I VA e
Y
Kw * Kz, Kc = K¢
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Vs=13TeV, 140 fb"

ATLAS Internal my, =125.09 GeV, |y | < 2.5
1

-0.010.176 0.12 0.11 0.02 0.18 0.03 -0.15 0.01 0.03 0.07 ;.
0.02 -0.11 0.02 -0.01-0.07 0.01 -0.03-0.04 0.02 0.08 O'SE
0.16 0.02 0.19 0.35 0.04 0.24 0.06 0.50 0.10 -0.24 0.28 0.6

0.12 -0.11 0.19 0.14 0.04 0.20 0.04 0.04 0.05-0.050.08| —0.4

0.11 0.02 0.35 0.04 0.25 0.06 0.08 0.04 -0.07 0.17 —lo>2
0.02 -0.010.04 0.04 0.04 0.08 0.01-0.05 0.00 0.00 0.02

0.18 -0.07 0.24 0.20 0.25 0.08 0.06 -0.22 0.02 0.02 0.09 °
0.03 0.01 0.06 0.04 0.06 0.01 0.06 —-0.02 0.00 -0.01 0.04 02

1-0.15-0.03/0.50 0.11-0.16 0.17| —1-0.4

0.04 0.08 -0.05-0.22-0.02
0.01-0.04 0.10 0.05 0.04 0.00 0.02 0.00 0.11 —0.6
0.03 0.02 -0.24-0.05-0.07 0.00 0.02 -0.01-0.16-0.04 — 08

0.07 0.08 0.28 0.08 0.17 0.02 0.09 0.04 0.17 -0.04-0.18

o f o G f M

Kw # Kz, Ko # K¢

ATLAS Internal

Vs=13TeV, 140 fb"

m, = 125.09 GeV, |y, <25 _

0.25 -0.28 -0.05
0.11 0.32
K |-0.28 0.11
K; |-0.05 0.32 0.16
Ky |002 004 001

Kylo011 028 0.06

0.22

Kz, |0.00 006 003 0.06

Kg|-0.45 020 0.23 0.05
-0.65 -0.31 0.27

B, - 0.24 -0.15

0.02 0.04 -0.12 -0.01

0.01

0.08

0.02 0.11 0.00 -0.45 —0.65. 0.02 >
>
O.8~a
0.04 028 0.06 0.20 -0.31 0.24 0.04
0.01 0.06 0.03 0.23 027 -0.15 -0.12 0.6
004 022 006 005 001 009 -001 |04
0.01 -0.04 -0.01 0.04 0.00| —0.2
0.05 0.05 -0.24 -0.06 0.25 -0.02| —0
0.01 0.05 -0.01 -0.02 0.03 001| —{_g»
-0.04 —0.24 —0.01 045 -034 0211 _| g,
-0.01 -0.06 —0.02 0.45
—-0.6
0.04 025 0.03 -0.34 -0.51
—-0.8
0.00 -0.02 0.01 -0.21 -0.46 0.07
—




Expected correlation (On-shell + Hinv)

= 1 -1 -1
ATLAS Internal Expected Vs = 13 TeV, 140 b Expected Vs =13 TeV, 140 fb Expected Vs = 13 TeV, 140 fb
my = 12500 GeV, ly, | <25 ATLAS Internal m, = 125.09 GeV, |y | < 2.5 ATLAS Internal m, = 125.09 GeV, |y | < 2.5
1

1

< — —
Ky -0.04 -0.01 -0.01 -0.01 0.00 0.00 0.00 -0.01 0.03 0.06 ;K 0.27 -0.010.08 0.00 0.00 0.02 0.00 0.07 -0.02 0.14 0.02 Ky 007 001 -0.01 0.00 -0.01 0.00 0.05 0.03 -0.06 —0.05 ;
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0.6
K, 0.0t I o.0: TS 0.0t 012 .08 Ky -0.010.18 0.02 0.13 0.01 0.32 -0.28-0.04 0.01| 0.6 K, | 0.01 Zolo7 0.00 005 0.00 0.06 004 023 001|006
— K, [0.08 0.08 -0.01J8EM8 0.00 0.00 -0.04 0.00 0.11 0.07 0.20 0.08| |
Ki|-0.01 0.09 0.04 000 -0.02 000 0.16 0.22 008 |04 t 0.4 K;[-0.01 017 -0.04 0.01 0.10 0.01 002 000 0.01 0.02| |04
oz Kt [0.00 -0.010.18 0.00 0.01 008 0.01 0.09 002 0.01-0.06 _|
K1 |-0.01-0.02 0.23 0.01 0.01 0.10 0.01 0.13 0.00 -0.04 : =0 Ky {000 002 000 001 0.01 0.00 -0.01 0.01 0.00 0.00| —0.2
Ky |0.00 0.00 0.02 0.00 0.01 0.01 0.00 -0.01 0.01 0.00 -0.01
K, |0.00 000 002 000 0.01 001 000 000 0.00 -0.01 —0 0 Ky |-0.01 0.16 -0.05 0.10 0.01 0.01 -0.13 0.09 0.00 0.01| —0

Ky 10.02-0.03 0.13 -0.04 0.08 0.01
-0.11-001-005| {02

0.01 -0.11 0.09 0.00 -0.05

Ky 0.00 -0.03 0.15 -0.02 0.170 0.01 0.01

— K
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0.00 0.00 0.00 0.4 K
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Complete formula of off-shell combination

K K K
on-shell V' _on-shell V' _on-shell V' _on-shell
OzzesF T = OzzvBF T~ Ozzwunt Ozzzu ™
KH KH KH KH
2 2 2 2 2) 2) 7 9
K K%, K
ggZH"V gon-shell tHq"V on-shell Kiaw Ky gon-shell KEKy on-shell N
7Zeec7H T~ 9zzHqe T~ 9zzwmw T . 9zzuH
KH KH KH

KH
2 K2 K4
8"V _on-shell V' _on-shell 2 2 _off-shell 4 _off-shell

P Tww,ggF T xr W W.VBF T KgKyOz7 00k T KyOz7 vBrt

2,2
KgKV

K

K

2 2 _off-shell 4 _off-shell
KeKyOww oo T KvOWww VBE

where kg = [ /T3 is a multiplier of the SM Higgs boson width of I'>M = 4.1 MeV, Kg o7H = 0.4594k; +

2.456k%,—1.914kgky, K3y, = 2.633k%.43.578k%,—5.211kpky, and k3, = 2.909x%+2.310k3,—4.220k Ky .
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gol differential C1

® Previous we use inclusive C;[0.0066] for all the ggF STXS binning

0.7¢
® Recently the C; for the ggF in p¥ binning is available [slide] oel
*  Get the approximate value from the histograms (blue and red curve) é::_O-S' ---------------
C 04f
® Then perform the parametrization with ggF STXS binning based 03f
on their p¥ 0277700 200 300 400 500
pri [GeV]
« Take average number of the binning included e 12 -
*  Only influence several bins with p¥ > 200 GeV

I
’ = 0-jet | | = 1-jet I

Pr
0

33 5 ?
10 pT 3i
0 5
60
120
200 ,
P ¥
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https://indico.cern.ch/event/1479968/contributions/6234751/attachments/2970131/5226792/241119_Higgs2024_Highlights.pdf

Results comparison

® Generate the Asimov dataset and perform the likelihood scan for three cases

 Tiny impact on the expected k, results

* Not the latest scheme

combination (8 channels), inclusive ggF C; :
K, in [—4.59,10.37] @ 95% CL

combination (8 channels), ggF C; in exact/app. p¥ bin :
K,in|—4.67,10.29]/[—4.64,10.35]@ 95% CL

2026/8/21

) Tiny change

-2InA

N w = (&2 (o2} ~J o
TT 7T T T T[T T T 7T T T T TTTT

—
T TT

- ATLASInternal
- Vs =13TeV, 139 fb”
- Expected

—C1
—C1
—C1

| —]
_ggH (inclusivg

_ggH (exact)
_ggH (Pade A
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C, derivation in new split STXS bins

® Use recipe detailed in the LHC HWG [note] to compute C; in each split STXS bin.

® Modify the Rivit code which classifies the MC events into STXS bins.

® Results are obtained using 5M statistics
* Compatible results with LHC HWG note

ZH Our results (5M) Note (5M) WH Our results (5M) Note (5M)
QQ2HLL_FWDH 1.35000 +/- 0.00261 1.350 QQ2HLNU_FWDH 1.17415 +/- 0.00218 1.173
QQ2HLL_PTV_0_75 1.63242 +/- 0.00148 1.633 QQ2HLNU_PTV_0_75 1.39930 +/- 0.00129 1.399
QQ2HLL_PTV_75_150 0.87113 +/- 0.00100 0.871 QQ2HLNU_PTV_75_150 0.74710 +/- 0.00088 0.747
QQ2HLL_PTV_150_250 0.29269 +/- 0.00070 0.293 QQ2HLNU_PTV_150_250 0.24952 +/- 0.00060 0.250
QQ2HLL_PTV_GT250 0.00314 +/- 0.00056 0.003 QQ2HLNU_PTV_GT250 0.00202 +/- 0.00045 0.004
QQ2HLL_PTV_GT150 0.9254 +/- 0.0003 QQ2HLNU_PTV_GT150 0.8646 +/- 0.0009
QQ2HLL_PTV_400_600 | -0.06927 +/--0.00130 QQ2HLNU_PTV_400_600 -0.06018 +/- -0.00102
QQ2HLL_PTV_GT600 -0.07452 +/- -0.00253 QQ2HLNU_PTV_GT600 -0.06487 +/- -0.00191
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https://cds.cern.ch/record/2803606
https://gitlab.cern.ch/LHCHIGGSXS/LHCHXSWG2/STXS/Classification

Kry, derivation in new split STXS bins

® Kpy for W(lnu)H, Z(11)H, and Hjj processes in the LHC HWG [note] are from the
LHCXSWG recommendations using HAWK 2.0 generator

® We have successfully setup the HAWK2.0 and LHAPDF (NNPDF23_nlo_as_0118_qged) and
computed Kgy, in the new binning

* Used the same statistics as in the LHC HWG note (100 M)

ZH Our results (100 M) Note (100 M) WH Our results (100 M) Note (100 M)
QQ2HLL_FWDH 0.9526 +/- 0.0002 0.952 QQ2HLNU_FWDH 0.9164 +/- 0.0004 0.917
QQ2HLL_PTV_0_75 0.9499 +/- 0.0001 0.950 QQ2HLNU_PTV_0_75 0.9359 +/- 0.0002 0.937
QQ2HLL_PTV_75_150 0.9430 +/- 0.0006 0.943 QQ2HLNU_PTV_75_150 0.9074 +/- 0.0004 0.910
QQ2HLL_PTV_150_250 0.9360 +/- 0.0004 0.937 QQ2HLNU_PTV_150_250 0.8769 +/- 0.0009 0.879
QQ2HLL_PTV_GT250 0.8884 +/- 0.0008 0.890 QQ2HLNU_PTV_GT250 0.8270 +/- 0.0025 0.828
QQ2HLL_PTV_GT150 0.9254 +/- 0.0003 QQ2HLNU_PTV_GT150 0.8646 +/- 0.0009
QQ2HLL_PTV_400_600 0.8311 +/- 0.0018 QQ2HLNU_PTV_400_600 0.7679 +/- 0.0021
QQ2HLL_PTV_GT600 0.7546 +/- 0.0025 QQ2HLNU_PTV_GT600 0.6922 +/- 0.0034
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https://cds.cern.ch/record/2803606

K, vs k; with other k profiled

® Float all other kappa (ky, Kkp, K¢y K2v)

The constraint is looser with less assumption (especially in the singleH case)
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K, vs Kr /Ky with other k profiled

1.6 ‘ - W = T T T T T T =
w
X C ] x - ]
. ’ - ATLASInternal H+HH 3 1.4~ ATLASInternal —— H+HH —
ame tren WIt KA VS K 1.5 H Combination — H —] [ H Combination —— H 7
t - Expected — HH 3 - Observed ) — HH N
1.4 C Vs=13 TeV, 126-140fb~1 & Best Fit (H+HH) = 13 — \/?: 13 TeV, 140fb™ dh Best Fit (H+HH) —
i * SM - U * SM .
1.3 3 12 N -
E o 1 B~ z
1.2: \‘ ~ B 11 [ \\\ 1
- \\ ] : -\\ :
11 :— \\\ ] : :
- R ] 1.0 —
1.0 -3 i |
09F — 68%CL = 0.9 — es%cCL 7
L --- 95%CL ] - === 95%CL .
082 0 o0 10 20 082 =fs ~=io 5 0 5 10
Ky Ka
- . nterna
| ATLASInternal H+HH i 1.4~ H Combination ks .
H Combination — H | Obeerved — :H i
| Expected —  HH ] B _ _140fb-" .
1'4_ Vs=13TeV, 126-140fb™" @ Best Fit (H+HH) B ONCHAE AL % BestFit (H+HH)
- N * SM e 1.2} |
- / Y ’,»':/ . - m
12 — (,:-._\‘ /’,a /,/ I |
I N e T | 1.0\ -
1.0~ ) e . - :
L R = i = i}
1
L | ] 5 i
0 87 1 . 0.8 —
O 1 — - LY - -
— ' — 68%CL Mo emT
B 68%CL / R B K . ]
o---95%cL N\ . | --- 95%CL i
[ ) ) ) ‘ ) \J“"“ ‘ ‘ ) ‘ ‘ ) ) ‘ ii 0‘6 M R | M M R I
0.6 10 0 10 20 -10 -5 0 5 10 15
Kx Ka

2026/8/21




H+HH comparison of profiling or not
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Uiy dependents on Kk
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Correlation (6XS + BR)
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LLH scan and plot without CMS
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