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Di-Higgs production

Non-resonant production of double higgs events triple-higgs
coupling strength, ...

Resonant production of double higgs events search for high-mass
resonance, graviton, ...
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Di-Higgs resonance search in ATLAS

The search has been performed in several final states.

e (H bb)(H vyy): low BR, clean, sensitive to low-mass
resonances (< 1 TeV)

e (H Dbb)(H Tt7): sensitive to median-mass resonances

e (H Dbb)(H bb): high BR, dirty, sensitive to hlgh mass

LA AL B B B B LA B B R ATLA‘S

m,, [GeV] Corrected m(HH) [GeV]



Di-Higgs resonance search in ATLAS

The search has been performed |r§1o
* (H Dbb)(H yy): sensitive to lo\T
e (H bb)(H t7): sensitive to m‘>T<
* (H bb)(H bb): sensitive to hi¢g

Current status:

- Using full run2 dataset, no
significant evidence for an HH
resonance up to 3 TeV

- Upper limits on production cross

section are provided.
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Combined 27.5—36.1 fb~1

[Phys. Lett. B 800 (2020) 135103]

bbbb 126—139 fb~!
[ATLAS-CONF-2021-035]

bbt* T~ (resolved) 139 fb~!
[ATLAS-CONF-2021-030]

bbt*t~ (boosted) 139 fo~!
[JHEP 11 (2020) 163]

bbyy 139 fb~1
[ATLAS-CONF-2021-016]
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Events / 30 GeV

Search for HH resonance using (H

Di-Higgs resonance search using bb
Yy

ATLAS
 Multi-Variant-Analysis-based event selection:
e training on many observables including

10°

10

fg:ut @ﬁﬁBﬁbsté%&J@ec

) VAl P P \ Y A Pl P
MRV VT TTHO0)_
Common Preselection

w)

#
iy

77bb
[ yy+other jets
I DataDriven yj —
DataDriven j 3
---m, =300 GeV
---m, =500 GeV

1000

| L
400 600 800

mbBW* [GeV]

>
()

Events /

s

. O)
|5|on—Tree;se

5F

4
3

2

bb, H ypy)In

==

| T T T T
Data

I T T T T
ATLAS

ﬂre ----- aﬂdu I,QaQJgu,at (s =13 TeV, 139fb1—

HH—bbyy

- Total Background 500 GeV Resonance—
8 X=500 GeV -
o E
. N T B T el B
110 120 130 140 150



Statistical Interpretation

Statistical
terpretation

Hypothesi

S
SM vs BSM

Event
selection

PDF of

test

- A statistics

es
mass, BDT

hest-
estimation

uncertainty




Statistical Interpretation

Event
selection

Hypothesi

S
SM vs BSM

hest-
estimation
uncertainty

Statistical

terpretatio Asymptotic

Formulae




Summary of 6 Test statistics

Test

statistic

to To establish the discovery of a signal

do To establish the discovery of a positive signal

t, To set an interval at a given confidence level

'Eu To set an interval for a positive signal at a given
confidence level

qp To set an upper limit of a signal at a given
confidence level

qd, To set an upper limit of a positive signal at a given

confidence level :




Classical Asymptotic Formulae
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Likelihood ratio iIn a measurement

Signal region: Control region:
sensitive to Parameter Of sensitive to Nuisance
Interest (p) Parameters @
The likelihood function is th&gfoduct of Poisson probabilities for a/lltﬁns: Most
powerful
N (us; + b;)m M,
L(lu'a 9) _ H J - J e—(M3j+bj) H k ' —ug test
j=1 i k=1 k" (Neyman-
To test a hypothesized value of ;1 we consider the profile likelihood ratio Pearson

The p value we want
L(M toltest

A(p) =

Ly ———— O_ptimal estimate

N\ T

U

n

10




The likelihood function is the product of Poisson probabilities for all bins:

Wald’s theorem T

482 ABRAHAM WALD L, 6)

same limit distribution. The limit distribution of —2 log A, is the x2-distribu-
tion with r degrees of freedom if the hypothesis to be tested is true. If the
true parameter point 8, is not an element of w, the distribution of —2 log A,
approaches the distribution of a sum of non-central squares

: Can we go

U—"ul+ +ur:

where the variates %y, + + -, %, are independently and normal O n e S m a I I Ste p
with unit variances and E I ?

i (E“p)z = ”Z

< (i — p)? 1
t, = —2In )\ - O(—
COLUI:EB;A\?OILI:'EII:]S_.Ia I—L 1l ( ) 0—2 ( ; /N ) (17)

Here i follows a Gaussian distribution with a mean y’ and standard deviation o, and N
represents the data sample size. The standard deviation o of /i is obtained from the covariance
matrix of the estimators for all the parameters, V;; = cov|6;,0;], where here the 6; represent




Example: q,;

[ 0 > 1 > u: not inconsistent with
3 o1, £0(1) A oo
Gu = 4 21n s w>pn>0 Epperllmlt mu |
b)) - u < 0: assume non-negative
\_211’1 coe0) <. sighal strength and we

compare with 0

Classic asymptotic
formulae
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switch off

Why “bumps” in PDF of q;7

. Systematics ™" .
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Why “bumps” in PDF of q;7

supposing a 2-bin

observable
distribution

N
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L =1L, P(n;|b; + ps;)

Why “bumps” in PDF of ¢ 7.
log £ = Z n; log(b; + ps;) — (b; + ps;)
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New Asymptotic Formulae

bl

e supposing a 6-
bin observable
distribution

e Supposing

Nemall =2

f(TuWH) =

Q

. N wan: threshold between
" f(Tuln,pa)P(nlb+puns)  large statistics and small
n=0 statistics

Nsmall

Z f(Tuln, pe)P(nlb+ ppgs) + Z f(Tuln, pe)P(nlb + pps)

Nsmall Nsmall

> Jss(Tuln, pr) P(nlb+ ppgs) + (1= Y P(nlb+ pirs)) fus(Tuln, )

n=0 n=0
Small-Statistics part: Large-statistics part:
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Probability

New Asymptotic Formulae

N wan: threshold between

+00
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Probability

New Asymptotic Formula

A conservative choice of
Nem
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An aggressive choice of
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New Asymptotic Formula@nra: hresnold betwees

rge statistics and small

statistics
A conservative choice of An aggressive choice of
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Probability

Comments on New Asymptotic
. gtﬂrrgc}rlél IC)EFleeducation value due to

* How to choose N 4?7
* How many bins in the Small-Statistics part?
* How to correct the Large-Statistics part if we want to be
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Summary

 New asymptotic formulae proposed (work in progress)

e Large-statistics part: described by classical asymptotic
formulae

 Small-statistics part: described by analytic/numerical
calculation

* Application to a real case: di-higgs resonance search
X HH Dbbyy

* Look promising

e Still some issues to befixed

* More of education valu Ebadﬂi(nMQéAthF your
attention!



