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https://indico.ihep.ac.cn/event/16065/contributions/114791/

INntroduction

- Higgs at 10: interaction with the fermions and vector bosons ( u, T,b, W, Z, t)
are precisely studied

- Higgs self-interaction is also crucial

» Probe of the shape of the Higgs potential
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» Higgs boson self coupling A =~ 0.13 iIn SM prediction

AOHH .

* KA= K3 = 5 introduced to define the deviation of A from the SM
HHH

- The measurement of «; Is Important for both studying the Higgs boson and
probing physics Beyond the SM (BSM)




Where to measure «;?

. Di-Higgs production provides a direct access to A

g 9900090090009, > / H
ggF HH |
31.051b
g 9000090000000 < \ H
q
H
VBF HH
1.73 fb \
H

q

Also other couplings will get involved in the Di-Higgs measurement.
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Which context of the measurement”?
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only alter Kx feasible with Di-Higgs production | other couplings as SM assumption

alter both k) and other couplings less model dependent
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Constrained by introducing
single-Higgs measurement

To have a self contained
measurement

Ka impact on Single-Higgs
should be considered as well



https://www.nature.com/articles/s41586-022-04893-w

Kn Impact on Single-Higgs

Production mode Decay

JHEP 1612, 080 (2016)
Eur. Phys. J. C (2017) 77: 887

» Self-coupling makes impacts as NLO EW correction
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https://arxiv.org/abs/1607.04251
https://arxiv.org/abs/1709.08649

Impacts on Production and Decay

Production mode Decay
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- Though HH has much less production cross-section, but sensitive to k; deviation
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~It Input and statistical moael

- Combining available Full Run 2 di-Higgs and single-Higgs analyses ATLAS-CONF-2022-050

- Build the likelihood by combining the likelihood from each individual channel

Channel Integrated luminosity (fb‘l)
HH — bbyy 139
HH — bbtt 139
HH — bbbb 126
H — vy 139
H— 77" — 4¢ 139
H—o 11t 139
H— WW* — evuv (ggF,VBF) 139
H— bb (VH) 139
H — bb (VBF) 126
H — bb (ttH) 139

. Full Run 2


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/

Results from k. liIkellhood scans

ATLAS-CONF-2022-050

- Likelihood scan as the function of «;
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» Di-Higgs has much stronger constraining power than Single-Higgs

- Once single-Higgs and di-Higgs combined, constraining power in k, only model is similar
to generic model as other couplings well constrained by single-Higgs
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/

Results from k. liIkellhood scans

ATLAS-CONF-2022-050

. Likelihood scan as the function of «;

Combination assumption Obs. 95% CL Exp. 95% CL Obs. value* 7
HH combination 0.6 <ky3 <66 —21<ky3<7.8 ka=3.17570
Single-H combination -4.0 <k <103 =52<Kky <115 k=254
HH+H combination -0.4 < k)3 <6.3 —1.9 <k <7.5 Ki = 3.02:3
HH+H combination, k; tfloating -0.4 < k3 <6.3 -1.9 <k <7.6 Ky = 3.()4:1;.%
HH+H combination, k;, kv, kp, k¢ floating  —13 <k <6.1  =21<ky<7.6 k3 =2.32]

» Di-Higgs has much stronger constraining power than Single-Higgs

- Once single-Higgs and di-Higgs combined, constraining power in x; only model is similar
to generic model as other couplings well constrained by single-Higgs
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/

Comparison with CMS results

- Self coupling measurement results also published by CMS collaboration
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Indirect interpretation

. Compatible with observed «; limit from CMS
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Nature 607, 60-568 (2022) Ky

- as shown in the Single-Higgs projection and Di-Higgs projection


https://www.nature.com/articles/s41586-022-04892-x
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/

Ky - Kt 2D contours

» To understand the correlation with other couplings
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- Single Higgs has much stronger containing power on «i, while di-Higgs stronger on «;
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. Can explain why generic model measurement of «; Is similar to k; only model
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/

summary

» Higgs self-coupling is important to determine the Higgs potential structure

- DI-Higgs production has the direct access to the self-coupling
- Combination of Di-Higgs and Single-Higgs

» thanks to single Higgs constraining power on other couplings, we can have the less
model dependent measurement,

+ The self-coupling ismeasoneedayomwombining 10 individual analyses with Full Run?
dataset at ATLAS

- At 68% C.L., the observed (expected) allowed interval of x;: [-0.4, 6.3] ([-1.9, 7.5])

» The results are compatible with the one from CMS

- Stay tuned for even better results from LHC Run3 and future experiment results!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/
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Scale potential

- Why shape of the scalar potential is important?

» The shape of the scalar potential is linked to many open questions of particle physics

and cosmology
my, = 124 GeV
0.06_ llllllllllllllllll ‘
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+ The modification of the shape of the scale potential at high scales make the EW vacuum metastable

+ The stablility of the potential at high has an impact of the possible role of the Higgs boson as the

iInflation in the primordial Universe
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Decay BR of the di-HIggs

bb WW TT L/ YY
bb
WW 4.6%
TT (. 4% 2.5% 0.39%
/7 3.1%

A% 0.206%




Parameterization in Di-HIggs: ggF mode

- Parametrize ( ;. , i) Impacts on ggF

g 9999900000009, > ®---------- H H
A \
Rt .
g 000090000909 < ®---------- H H

2
ooer(pp — HH) ~ K ﬂ2+2 R(AA,) + (K ) Iﬂz\zl
[

Kt

4 3 4
O = K; A1 T K \K; Q2 T K\ Q3

- For ggF, resolve the 3 coefficients by varying the «k; while fixing «x: =1
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Parameterization in Di-Higgs: VBF mode

. Parametrize ( ;. , v, ©ov) impacts on VBF

o(kav, K1, kv) = |A|* = |ky kKaMs + K5, My + kv M |*

_ .2 2 4 2 3 2

- For VBF, resolve the 6 coefficients by varying the ( ;. , k2v) while fixing kv
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Parameterization in Single-Higgs

pir(ka) = pilka) X pr(xa)

- Impacts on the () and the (f) expressed as:
,BSM (ky — 1)C: BRESM K%+ (k= 1)C)

(K, K;) = = 7ZB5M 2 4 1 pr(Ka, Kf) = = .

ik ki) = "o = 2 () 1K+ ' BRYM 5, BRM [i + (k0 - 1)C]]

- /BSMy: wave function renormalization, accounts for the universal correction

, . 1
BSM
H ====-5 ¢ ¥y~ H Zy (k) =

y ,with 6Zp = -1.536 x 107>
A\\ / 1 - (K/zl - 1)5ZH

- C1: process and kinematic-dependent coefficients, it encodes the magnitude

of the x)-dependent linear correction
JHEP 1612, 080 (20106)

- Kew: represents the full set of NLO EW corrections Eur. Phys. J. C (2017) 77: 887

- krand k; consist of: k. , kv (= xw= Kz ), Kt, Kb, Kr, Kc ( = Kt), Ks ( = Kb ), Ky ( = K< )
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https://arxiv.org/abs/1607.04251
https://arxiv.org/abs/1709.08649

K, parameterization in Si

ngle-n1ggs

» Thanks to recent eftort by LHCHWG, Ci1 and Kew derived in STXS 1.2 granularity

~§ o— -------------------------- — ITXS BIN K LHCHWG-2022-002
o | | TTH.FWDH 1.017
T 1 | TTH.PTH_0.60 1.041
| | TTH.PTH 60_120 | 1.025
- T _| | TTH.PTH_120-200 | 1.002
% | TTH.PTH 200300 | 0.978
g 1 | TTH.PTH 300450 | 0.956
. & ¢ ¢ ¢ ¢+ ¢ | TTHPTH.GT450 | 0.923

» Calculation at STXS 1.2 is available for ttH, V(lep)H, and Hjj (V

BF and V(had)H) processes

+ Only inclusive level available for ggH and tH] due to the missing differential calculations

- Not available for tHW, bbH and ggZH, thus no NLO EW imp

lemented for consistency


https://cds.cern.ch/record/2803606

Single Higgs parametrization with STXS

Stage 1.2 _ = VBF+V(—qq)H
Stage 1.2 _ | 1 |
= 0-jet = 1-jet > 2-jet

| | T
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Best fitted values of «

» FIt results In different kappa scenario

POlIs K lel‘; K,;lel‘; bellg KTJ:II‘; K/f:llg Ky [95% CL]
3.0+1.8 -0.4,6.3 Obs.
K ] ] ] ] o | |
1.0%5 | [-1.9,7.5] | Exp.
1.00+Y-05 3.0t1-8 ~0.4,6.3 Obs.
ek fit ! 008 || 1 -1 : |
1.00*Y- 1.0+ [-1.9,7.6] | Exp.
—0.04 —1.7 ’
0.05 0.07 0.12 0.08 2.1
Goneric fi 1.0079-02 | 0937907 | 0.9070-17 | 0937905 | 2.3*20 | [-1.3,6.1] | Obs.
0.05 0.07 0.12 0.08 5.0
1.0079-02 | 1.0070-07 | 1.00*0-12 | 1.00*0-08 | 1.019 | [-2.1,7.6] | Exp.
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HL-LHC projection

HH - bbt* T~ +bbyy ATL-PHYS-PUB-2022-005
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"" ____________________________________________________________________________________________ - -—o— Baseline —
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8 —
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95% CL upper limit on signal strength K
Significance [o] Combined signal Uncertainty scenario Likelihood scan 10 CI  Likelihood scan 2o CI
Uncertainty scenario bbyy bbr 7~  Combination | strength precision [%] _ _
No syst. unc. 0.6,1.5 0.3, 2.1]
No syst. unc. 2.3 4.0 4.6 —23/ 423 . : ]
. Baseline 0.5,1.6 0.0, 2.7]
Baseline 2.2 2.8 3.2 —31/+ 34 . : :
Theoretical unc. halved 1.1 1.7 2.0 49/ + 51 Theoretical unc. halved 0.2,2.2] [—0.4,5.6]
Run 2 syst. unc. 1.1 1.5 1.7 —57/ + 68 50 Run 2 syst. unc. :0.1, 2.5: [—0.7, 5.7]



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

