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Motivations

+ Self-coupling of the Higgs boson is a crucial
property which depends on the dynamics of the

EWSB sector.

+ One of the probes of Higgs self-coupling is the
Higgs-boson-pair production at the LHC.

+ |n this work, we perform the most up-to-date
comprehensive signal-background analysis for
Higgs-pair production through gluon fusion and
the =z — »o~~ channel at the HL-LHC and HL-
100 TeV hadron collider, with the goal of
probing the self-coupling \;; of the Higgs boson.



Effective Lagranian
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Effective Lagranian

where
3M ?_I

D(3) =
&) = =3 1T,

and § = (py +p2)?, £ = (p1 — p3)?, and @ = (py — p3)? with p, + ps = ps + pa.

In the heavy quark limit, one may have

2 f . ;o s Im!
P =+5+0(/my), FS*=—+0(/my), GS* = 0(s/my)

leading to large cancellation between the triangle and box diagrams.



Effective Lagranian

The production cross section normalized to the corresponding SM cross section, with or
without cuts, can be parameterized as follows:

7°(gg - HH)
U%M(W — I1H)

=¢)(s) fﬁu (l}'g ) + ¢(8) A ({}t ) + () (!}f]d (5)

where the numerical coefficients ¢; 5 3(s) depend on s and experimental selection cuts. Nu-

merically, ¢;(s), ca(s), e3(s) are 0.263, —1.310,2.047 at 14 TeV and 0.208, —1.108,1.900 at

100 TeV [11]. Upon our normalization, the ratio should be equal to 1 when g7 = Ay = 1,

or ¢1(s) + ea(s) + ¢3(s) = 1. The coefficients ¢,(s) and ¢;(s) are for the contributions from

the triangle and box diagrams, respectively, and the coefficient ¢5(s) for the interference

between them. Once we have the coefficients ¢; the cross sections can be easily obtained for

any combinations of couplings.



Outline of simulations and
event selections

+ Our goal is to disentangle the effects of trilinear Higgs
coupling, which is present in the triangle diagram, in Higgs-
pair production.

+ We vary the value for the trilinear coupling A3rr between -5
and 10 to visualize the effects of A3 .

+ I1he backgrounds include

o single-Higgs associated production, such as ggfl, ttH, ZH, bbH followed by H — vy,

e non-resonant backgrounds and jet-fake backgrounds, such as bbyy, ccyy, 1977, bbjy,

ctjy, bbjj, and Zyy = by,

o (1(> 1 lepton) and tly(> 1 lepton) backgrounds .



Signal
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TABLE III. The main fake processes and the corresponding rates in each sample of non-resonant
and tt(+) backgrounds. We recall that Pj_, = 5 x 1071 and F._,, = 2%/5% in the barrel/endcap
calorimeter region. For ¢ quarks produced during showering in the jjvy sample, we use F. . —

1/8 as in Ref. [26]. Otherwise the Pr and 5 dependence of P, is fully considered as explained in

the text.
Background(BG) Process Fake Process Fake rate
bbryy N/A N/A
“G,&A CeyY c—b c—b (Peyp)®
\ iy cs —+ b, g — b (Pe,—8)*
Non-resonant bbgy J—ry 5= 101
BG cejy c—hec—b j—y (P ys)? - (5 x 1071
bbjj J—=7 i (5x1077)*
2= bb)yy N/A N/A
Leptonic decay €e— Y, ey (0.02)%/0.02 - 0.05/(0.05)*
" Semi-leptonic decay e — Y, § =y (0.02) -5 x 101 /(0.05) -5 x 104
" Leptonic decay e —F ¥ 0,02 /0.05
-y

Semi-leptonic e —F ¥ 0,02 /0.05




Outline of simulations and
event selections

TABLE IV. Sequence of event selection criteria at the HL-LHC applied in this analysis,

Sequence| Event Selection Criteria at the HL-LHC
1 Di-photon trigger condition, > 2 isolated photons with Pp > 25 GeV, || < 2.5
2 > 2 isolated photons with Pp > 30 GeV, [n| < 1.37 or 1.52 < || < 2.37, AR;, > 0.4
3 > 2 jets identified as b-jets with leading(subleading) Pp > 40(30) GeV, |n| < 2.4
4 Events are required to contain < 5 jets with Pp > 30 GeV within || < 2.5
H No isolated leptons with Pp > 25 GeV, |n| < 2.5

PJ7 > 80 GeV, Pjf > 80 GeV |
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Essence of analysis results at the HL-LHC

Z=+/2-[((s+b) -In(1 + s/b) — 5)]

where s and b represent the numbers of signal and background events, respectively.
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Essence of analysis results at the HL-LHC
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FIG. 7. HL-LHC: Required luminosity for 95% CL sensitivity at the 14 TeV HL-LHC versus

Aspg. Here we assume that the top-Yukawa coupling takes the SM value.



TABLE V1T, The same as in Table T bt for a 100 TeV hadron collider, Tn the vow for B0I{— 4],

AFS stands for tho S-Havor scheme,
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in QD

eNw- I — blyy 16]

MGS, aMCTINLD /PYTHIAS

462 NNLO  NNPDF2ILOD
-NNLL

ole™" ' ot
‘3-066“\69

Rielegronimds

“&6‘0 Rackground{[G) Process  Generator/Parton Shower a - BR [ Order I'DF wend

in QCD

gy (1) [16] POMHEG — BOX/PYTHIAB

182 % 100 NNNLO oo

Sihghlli;ﬁw I y) [16]  PYTHIAB/PYTHIAR 720 10" NLO
assnciated BG
ZH{—+y) [16)  PYTHIAS/PYTHIAE 254 x 10'  NNLO
BbIT(— ) [30] PYTHIAS FYTHIAS 1.9 » 10" WNLO(EFS)
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TABLE IX. The main fake processes and the corresponding faking rates in each sample of non-

resonant and ¢£(7) backgrounds. We recall that Pj_,, = 1.35 x 1073, P.,; = P, = 0.1 [16] and

Po sy = 2%/5% in the barrel/endcap calorimeter region.

Background (BG) Process Fake Process Fake rate
N/A N/A
pt del 12
0 \\d Coyy c—=+bec—b (0.1)
aron . e
na iy s+ by, cg b (0.1)
Non-resonant hljy J =y 1.35 = 1072
BG cejy c—bec—b j—=y (0.1)% - (1.35 x 107%)
bhj i J=7J—a (1.35 = 10~%)?
Z(— bb)yy N/A N/A
Leptonic decay £+, €= (0.02)2/0.02 - 0.05/(0.05)?
it

Semi-leptonic decay

e—=FY, ]

(0.02) - 1.35 = 1073/(0.05) - 1.35 = 1073

fly

Leptonic decay

Semi-leptonic

€ —

€ —

0.02/0.05
0.02/0.05




Outline of simulations and
event selections

TABLE X. Sequence of event selection criteria at the HL-100 TeV hadron collider applied in this

analysis.

Sequence| Event Selection Criteria at the HL-100 TeV hadron collider

| Di-photon trigger condition, > 2 isolated photons with Pp > 30 GeV, || < 5
2 > 2 isolated photons with Pr > 40 GeV, |n| < 3, AR;y > 0.4

3 > 2 jets identified as b-jets with leading(subleading) Pp > 50(40) GeV, |n| < 3
4 Events are required to contain < 5 jets with Pp > 40 GeV within |g| < 5

b No isolated leptons with Pr = 40 GeV, |n| < 3

0.4 < ARy, < 3.0, 0.4 < AR, < 3.0
122.5 < M, /GeV < 127.5 and 90 < M,;/GeV < 150

oo | =1 | ==

PJ7 > 100 GeV, PP > 100 GeV




TABLE XI1. The swne as o Tabibe VT b ad the TIL- 100 Te¥ hadeon collider with an integraded

humninosity of 3 ab~!,
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Essence of analysis results
at the HL-100 TeV hadron collider
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FIG. 9. HL-100 TeV: (Left) The number of signal events N versus Agy with 3 ab™!. The
horizontal solid line is for the number of signal events s when A}, = 1 and the dashed lines for

s &+ As with the statistical error of As = /s + b. (Right) The l-o error regions versus the input

values of Af}}f assuming 3 ab~! (black) and 30 ab™! (red).
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Essence of analysis results
at the HL-100 TeV hadron collider
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Conclusions [HL-LHC]

+ We find that even for the most promising
channel ##z — vor~ at the HL-LHC with a
luminosity of 3000 m-* the significance is still not
high enough to establish the Higgs self-coupling
at the SM value.

+ Instead, we can only constrain the self-coupling
to -1o<xm <76 at 95% confidence level after
considering the uncertainties associated with
the top-Yukawa coupling and the estimation of

backgrounds.



Conclusions [HL-100 TeV hadron collider]

+ With a luminosity of 3ab™". ) we find there exists
a bulk region of 2.6 <Xz <48 in which one can’t
pin down the trilinear coupling.

+ At the SM value, we show that the coupling can
be measured with about 20% accuracy.

+ While assuming 30 ab=* , the bulk region reduces
to 3.1 < xsm <43 and the trilinear coupling can be
measured with about 7% accuracy at the SM
value.



