. . . . 1.2 . . . . . . .
—The measuring the H self-coupling (4;4) will be (one of) the major HL-LHC results ATLAS : CMS ;
o 5r§oj=e(izltéllo'lr']§VE,SSP3P,U32<‘:1%2‘? per experiment ‘_::;.;.II-
0.8 — SM SMEFT 6 :}'}'
——- SMEFT 6, kI'" = 1.66 igé’?gs;t""_‘”ltég] 7
= | S 8, k" =1.69, k{"n = 5. _driven P
§ 0.6r __ L(Iz/lgE.FI;rotential,k;‘”=1.57 54l— |i|CfHljjmie'”tain'Cy P
Exp. Potential, k{"" = 1.99 ks €10.74 ~ 1.29] ,;7./
. . 0.4 ¥
—The final measurement will be preceded by HH production
9 9999999999998 > o—i—f ———————— H 9 9999999999998 H 0.2
. . A Y A N f : *:E_-—
Observation of HH production ) > i e : , ,
9 2099009990009 < i ‘7‘/ """""" H 9 e " g 0.2 gcl\J/HlEJFn-Ic-:Srtainty |;oH_L(er:icgleertc\ainty
Evidence of HH prod uction E . foUncetanty = o Uncertay
| 0.0’_%-:
: e : S 44l
95% CL sensitivity for HH production =
g -0.2—3 0.8 1.0 1.2 1.4 1.6 1.8
. i . . . ”
o Exclusion of 4, = O (e.g. triangle diagram exists) ; ees
3 ATLAS + CMS

Projections ESPPU 2026
Vs =14TeV, S3, 3 ab~! per experiment

2 (37) steps are achievable using the whole LHC dataset 2
(Run1+Run2+Run3 ~ 500/fb)

V(p) — Vsm(o)

SMEFT 6 HH-driven

— — SMEFT 6, k" = 1.66

—/r ’ . 20 Uncertaint 20 Uncertaint
2 -+ SMEFT 8, k] = 1.69, k' = 5.4 y , y
2 T SMEFT 6 HH-driven
a — - Log. Potential, k§"" = 1.57 1o Uncertainty ' 1o Uncertainty

—3F Exp. Potential, k" = 1.99

0.980 0.985 0.990 0.995 1.000 1.005 1.010 1.015 1.020

0
— Combinations

Combining various decay-productions channels is mandatory (not a golden channel many silver ones)
Combining experiments is crucial
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HH - WWWW: 215
HH — bbZZ: 143
HH - WWrtt: 63
HH - WWZZ: 53

HH — tttt: 18

HH - ZZt1: 15

HH - WWyy: 4.5
HH - ttyy: 1.3

HH - ZZyy: 0.6

Decay channels

CMS Simulation Preliminary

138 b~ (13 TeV)

S\ - Rl \
VHH, HH - bbbb (1.8) |

bbbb, merged jets (11) bbbb, resolved jets (27)

Total (36)
bb, W-W* - fuqg/222v (22)

I Total (02

bbZZ, 42 (0.2)

i Total (1.7)
multilepton (1.7)

| Total (0.24)
multilepton (0.24)

i Total (0.36)
multilepton (0.36)

| Total (0.07)
multilepton (0.07)

Total (0.56)

| yyTT (0.07)

Total (0.17)
L yyTT (0.17)

I To'al (0.01)

W-W+*yy (0.01)

i Total (3.41) \
multilepton (3.41) \

bb WW TT /7

YY

bb

34%

WW

25% 4.6%

TT 7.3% 2.7% 0.39%

L/ 3.1% 1.1% 0.33% 0.069%

f

vaasd 026% 010% 0.028% 0012% 0.0005%

- 10°
Selection efficency

1074 1073 1072
selected produced

Analysis categories

10

NHH - XXYY/NHH - XXYY(SM)

Could we improve the optimization of our decay channel coverage?
The merged-boosted and ggHH-VBF categories are optimally managed in terms of coverage?
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Run3 getting in the game

W"Wryy
Obs. (Exp.): 95 (54)

bbZZ, 4l
Obs. (Exp.): 33 (41)

YYT'T
Obs. (Exp.): 31 (26)

Multilepton
Obs. (Exp.): 22 (20)

bbW'W

Obs. (Exp.): 16 (18)

bbyy

Obs. (Exp.): 8.4 (5.6)

bbttt
Obs. (Exp.): 3.4 (5.3)

bbbb

Obs. (Exp.): 7.5 (4.3)

Combined
Obs. (Exp.): 3.5 (2.5)

Similar sensitivity from ATLAS and CMS but different hierarchy across channels

CMS Prel/mlnary

Results are limited by stat. uncertainties

138 fb™' (13 TeV)
! L

K —Kt—KV—K2V—1
o= Observed

g 68% expected

------ Median expected ----=: 95% expected
L1 L1l 11l
1 10 100
95% CL limit on o(pp — HH) / O ocry

—e— QObserved limit (95% CL)
ATLAS Expected limit (95% CL)
Vs =13 TeV, 126—140 fb (UHH = 0 hypothesis)
SM [ Expected limit 10
HH)=32.8 f
Oggf + ver(HH) =32.8 b [ Expected limit +20
Obs. Exp.
bblf + EPiss|— * 10 14
Multilepton— * 17 11
bbbb|— * 5.3
pbTtT | | * 59 3.3
Combined|— { 2.9 2.4
| I | I I I | I [ I | I I I | I I I | I [ | I I I | I [ I | | |
0 5 10 15 20 25 30 35 40

95% CL upper limit on HH signal strength uyy

ATLAS - CMS combination (on-going) of Run2 analysis could be <1.7
We can expect it to reach ~1 with new improvements, given 500/fb (Run1+Run2+Run3)

Run 3

Opportunity to maximise the analysis
sensitivity (data streams, triggers, object
reconstruction, analysis techniques)

—eo— QObserved limit
ATLAS -- Expected limit (uyy = 0)
VS =13/136TeV, 140/168 fb~! Expected limit (L = 0) £20
- Expected limit (uyy = 0) *10
HH - bbyy —»— Expected limit (uyy = 1)
Expected limit (uyy = 0)

JHEP 01 (2024) 066

o i Exp. Exp.
O(20%) improvements Obs. (00 =0

e e e e e o e e U . o o o

55
5.0
P :
i {ombinedf i 3.8 2.6 3.7
o 2 4 6 8 10 12 14 16

95% CL upper limit on uyy
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Sensitivity to exclude of Ay =0
by the the end of Run3

—h
o
O

Excluded

95% CL limit on o(pp — HH) (fb)

ot CMS Preliminary _138fb7 (13 TeV)
- —— Observed e Median expected :
- Excluded B 68% expected
| === Theory prediction === 95% expected
x SM prediction
10°

11000 fb™!
Expected: 0.9

2000 fb™
Expected: 0.6

3000 fb™
Expected: 0.5

95% CL sensitivity for HH production

combining ATLAS and CMS.
Sensitivity with single experiment?

CMS Projections Preliminary (14 TeV)
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
K, = K=Ky =Ky, =1 S2 scenario

IR 68% expected
------ Median expected

95% expected

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0.0 02 04 06 08 10 1.2 14 16 1.8 20 22 24
95% CL limiton o(pp — HH) / o

Theory

Significance [0]

o

O

Qo

~

HH evidence at the end of Run3
combining ATLAS and CMS?

L e
- ATLAS Preliminary
- VS =14TeV

- HH combination

- Expected SM

I | | | | I
—— No syst. unc.

—— Baseline

Theo. unc. halved -

—+— Run 2 syst. unc.

] I ] ] I ]
1000 1500

] I ]
2000

] I ]
2500

] I ] ]
3000

Integrated Luminosity [fo~]

Single experiment 1000/fb projection as a gauge of two experiments combinations
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