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Introduction

» Higgs self-interaction is important to understand the non trivial structure to
Higgs potential

» V(9) = p°dp"p + A" $)* u* <0
» Non-zero ground state: £u/4/24 = & v/\/z

» Gauge EW symmetry is broken spontaneously

mz; 1
- V(H) = 7H2+/IVH3+Z/IH4

H
» Higgs mechanism + Yukawa coupling give elementary | KX " K= Ay Ay not
particles Masses ;. ______ P experimentally

H N observed: One of the

' - T "\ _targets of HL-LHC
» Plays fundamental role in understanding the stability of | IR

the universe ="

N
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Di-Higgs production

» Directly sensitive to self-coupling at LO

ggF (31 fb dommant)
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‘QiggF ~ aQil‘l‘ Kﬂdz
bb WW TT 7 YY
bb
WwWwW 4.6%

13 | 27% | 0.39%

/7 3.1% 1.1% 0.33%

YY | 0.26%

R

» Combine 3 most sensitive channels

» bbbb (high m;;): largest BR; but large QCD bkg

4 ( mHH):
; but tiny BR

than bby}/,
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Combined HH results

» Overlaps among 3 analyses are negligible

» Before constrain k, and k,y, upper limits of HH XS are measured

ATLAS-CONF-2022-050

—— Observed limit
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(UnH = 0 hypothesis)
[ Expected limit £10
[ Expected limit £20
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----- 95% expected

bb 27
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 Observed: 6.4

Median expected

t Combined
¥ Expected: 2.5
¥ Observed: 3.4

1 | | | I-|O
95% CL limit on o(pp — HH) / ©

100

Theory

({ Gg gF+VBF

oM
ggF+VBF

|
—0.73 + 1.25, py; = 20 %

» Upper limit of oy, at 95% CL: 73 fb (85 fb)

» Compare to 36 fb-1 ATLAS HH combination
[Phys. Lett. B 800 (2020) 135103]

| » 3.4times better exp. upper limit

Ht » Compare to CMS

\\ » bbbb: ATLAS resolved: CMS resolved +
boosted

» Others are compatible
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Combined HH results (x;)
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Combined HH results (x, )
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» VBF is sensitive to HHVV interaction, constrain k,y, first time in combination

| > Most sensitive: bbbb

» CMS ([0.67, 1.38]) is ~2.7 times better and exclude k,;, = 0 with 6.60

1. Dominantly contributed by boosted 4b

2. Different assumption: SM ggF in ATLAS VS profile ggF+VBF in CMS — |
lower VBF sensitivity in ATLAS
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Single-/Double-Higgs combination



k, Interpretation on single Higgs productions

» K, also contributes to single Higgs XS and BR via NLO EW corrections (complementary

,’/ N H :
\
ek g e
‘. /,’ H:
)l 9 -
B (Kﬂ) BRf(K/I)
) /’tlf(K/l) pi(K;) X //tf(K,‘t) Gl-SM BR ng
(K/l l)Cl
K, K; —ZBSMK‘ , ZBM (5 ) =
>ﬂl(,1 ) (K;) | & zlzw o (K3) 1—(K/%—1)5ZH
| GSMZ
} K, = 0];%40’ full NLO EW correction
LO

> Cl.i: process and kinematic-dependent coefficient
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https://cds.cern.ch/record/2803606

Kinematic dependence of x, on STXS
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0.923

L

dependences on k; are

available
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k, Interpretation on Higgs decays

» K, corrections on Higgs decays

v
H .7 9)
M o oy BB 7 + (= 1)C]
H---=-=-=--- « V //lf K/I’ Kf — — :
\ SM
. ¢ BR; > BRM[k? + (k,—1)CY]
N ] ] |
H > J
vV
= leprrrrprrrrprrrrprrr e T
& 115 —BR,/BR —BR,/BRM E
~ [ —BR,./BRy BR/BRY
£ 11 _pR,,./BR
oC - WWwW* WWw*
M -
.05 =
1 o decay mode H — ~y H—-WW* H—-ZZ" H-—b H-—rTT
- T : cd x 100 0.49 0.73 0.82 0 0
0.95
- /{?c 1.59/4:%/ +0.07k7 — 0.67kyKE /43%/ /{%/ K K
0.9¢ -
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S R T B D P N
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y sing 99 P
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Combine with single Higgs

» Combine single- and double-Higgs to have more stringent constraints on k;,

» Comprehensive combination to relax assumptions on other Higgs couplings (x, k, etc.)

Channel Integrated luminosity (fb~ 1)

— N U S S L L L L I I ] = 1 2prorprrr .
HH — bbyy 139 < [o(pp — HH)+X) R N S S s

_ S ool ys= — WH 1sp —BR,/BR," —BR./BR; =
HH — bbtt 139 5 10 IsTITeY —& - ?\1 i —BR,,./BRY - BR_./BR
HH — bbbb 126 8ol Cwin | E M —BRy /BR
H — yy 139 10}
H— 77* — 4¢ 139
H — 71t  remove ttH,H — t7in combination 139 ;

10%E

H— WW* — evuv (ggF,VBF) 139 -
H— bb (VH) 139 OF
H — blz (YBF) 26 _12_0 15 -10 -5 0 5 10 15 1(20 '—2_0 -15 -10 -5 0 5 10 15 2_0
H — bb (ttH) 139 : K,

» Overlaps are mostly negligible between single-Higgs and double-Higgs
» Except 4% HH — bbttr SR events overlapping with ttH, H — 17

= Remove itH, H — 77 categories (low sensitivity to k;) in combination
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H+HH combmed results
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Nature 607 (2022) 60-68 «

» Most generic model (k), ky, K, K, k,) with less f
‘

H+HH and still gives strong constraints on K

A
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POIs Ky tllg Kt“:llg Kbtllg KT_l__llg_ K/illg k1 [95% CL]

3.0 | [-0.4,6.3] | Obs.

K 1 1 ] ] vl |
1.0548 | [-1.9,7.5] | Exp.
.00+0-05 3.0t%8 [ [-0.4,6.3] | Obs.

K -k, fit 1 —88;‘ 1 1 —ig : :

T +U. +4. r 1
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0.05 0.07 0.12 0.08 2.1 i 1
Coneric i 1.00%0:05 | 0.93+0-07 | 0.90+0-12 | 0.93+008 | 5.3+21 | [_1.36.1] | Obs.

0.05 0.07 0.12 0.08 5.0 " 7
1.0070:05 1 1,001007 | 1.0070-12 | 1.0070%8 | 1.0+30 | [-2.1,7.6] | Exp.

1 ' » HH only can’t constrain k,, Kk, simultaneously
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Summary

» Higgs self-interaction is important to understand the non trivial structure to Higgs potential, which originates EW symmetry
breaking

» Together with Yukawa coupling give elementary particles masses

» Di-Higgs is directly sensitive to self-coupling at LO, 3 most sensitive channels (bbbb, bbyy) are combined to constrain k;
[ATLAS-CONF-2022-050]

» 95% CL upper limit of pyy is 2.4 (2.9) x SM, 3.4 times better than 36 fb-1 HH combination

» 95% CL interval of k; is [-0.6, 6.6] ([-2.1, 7.8]), 2.4 times better than before
» Ky is firstly constrained in HH combination: [0.1, 2.0] ([0.0, 2.1])

» K, also contributes to single Higgs via NLO EW corrections, combine with HH to have more stringent constraints on k; and to
relax assumptions on other Higgs couplings

» Kk, limit[-0.4, 6.3]([-1.9, 7.5]) is 5% better than HH alone (most sensitive)
» HH only can’t constrain k, k; simultaneously, with single Higgs both can be measured w/o losing k; sensitivity

» Most generic model (k,, ky, K, k3, k,) with can only be investigated in H+HH and still gives strong constraints on k;

» Looking forward to improving measurement precision of Higgs self-interaction in Run3 and HL-LHC!
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HL-LHC projection combing bbr + bbyy [AIL-PRYS-PUB-2022-005]

No syst. unc.

Baseline

Theoretical unc. halved

Run 2 syst. unc.

ATLAS Preliminary
Vs =14 TeV, 3000 fb~!
HH - bbt* T~ +bbyy
Projection from Run 2 data

Asimov data (bkg. only)
O-SQAF+VBF — 3879 fb

Expected limit
Expected limit +20
Expected limit 10

Significance Exp.

— 4.6c 042

u 3.20 0.8

| 0.93

— 1.16
L1 1 1 I L1 1 1 I L1 1 1 I IEI L1 I L1 1 | I L1 1 1 I L1 1 1 I L1 1 1 I L1

0 05 1 15 2 25 3 35

95% CL upper limit on signal strength

_2AIn(L)

16| +

AL

20IIIIII‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

ATLAS Preliminary
Vs =14 TeV, 3000 fb-!

HH - bbt* T~ +bbyy
Projection from Run 2 data
Asimov data (k) = 1)

—+— No syst. unc.
—e— Baseline

Theoretical unc. halved
—4+— Run 2 syst. unc.

8_

4__ ___________
L]
05— —7 0

.
| A bsd s b i IIIIIIIIIIIIIIIIIIIIIIIIIIIII

1 2 3 4 5

6

/

K\

Uncertainty scenario

Likelihood scan 1o CI

Likelihood scan 20 CI

No syst. unc.

Baseline

0.6,1.5]
0.5,1.6]

Constraining the Higgs boson self-coupling from H+HH at ATLAS, Kunlin Ran, 26.07.2022

0.3,2.1]
0.0,2.7]

15


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-005/

Backup

Thanks a lot!
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Kinematic dependence

» K, and K, dependences on HH XS, A X € and kinematics are considered
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