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® Higgs boson (! ): prediction of Brout-Englert-Higgs mechanism (1964, Nobel 2013) of electroweak
symmetry breaking for mass generation of SM particles.

® Discovered in 2012 the! " ## channel [ATLAS: 1207.7214, CMS:1207.7235]

® Present data compatible with !"#$!9%!&"1&()$%*"+)(,"#'")-"."1-/"*0*-""1&)(1(as predicted by the SM) of
mass$, %&'( )*+ ,-

® Coupling to fermions, EW gauge bosons, and Higgs itself.
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https://indico.ijclab.in2p3.fr/event/9063/contributions/28442/attachments/21718/30774/lambdaHHH@CMS_HH2023_JM.pdf
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® Higgs boson discovered 10 years ago (-2"/*0)!()2-#"3&24"56"27#*&0*/"#2"3!&8

® Higgs can couple to Higgsitself (.., . ). (The only particle in SM with self-coupling)

o is-2(MM3&**M&IA*(*& " closure test of SM

i (,*"2-%1"1&14*(*& regulating 9)::#"2(*-()1%"#,!"" " EWSB and vacuum stability test

® Deviation of . ;;  from SM can allow first order EW transition" 3™ Sakharov condition for matter-
antimatter asymmetry

® Measuring .  through di-Higgs production is the focus of research interest.
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® Lepton labelling (9 9 9-):
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® Limit is defined as the multiplier over SM

Il cross-section

—-20 —1lo0 Expected +lo0c +20 Observed
oun/oSM Stats. 1279 17.16  23.82  34.03 47.68  blinded
ouu/os¥ Sys. 1510 2027  28.13 4094 58.70  blinded
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https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?id=2808

I 23, %/4(:3, sl

® =)&H("&*#2H5% C.L. combined expected upper limit reaches GAK ¢ (full systematics) on the ! !
cross-section over SM for !l " 012342*536Thal states with the full RUN2 data with &E;) ( FG
luminosity.
® I"#$%&'()"*&%&+(,' #$&%-."/("*'(%&,*01.#'1(%&(2.),%)'3,0&(40*(,$'(4%*/,(,%2'5("#$%'6' L ("&(0*1'*(04(
2"+&%,.1'(%&#*"/'2'&,(%&("73'#,"1(/'&/%,%6%,89(
| Z<F%-1(8+",(;&%5()"8)*&(-95",%#"$4(
| JR%-1(*,)+,%5%$(6"$)(%GS$"5"2*1("1* $";"+$"%, (+, 1("#%6-+$"%, (&"$*&"+(
| J<E%-1(",'&*+#*(19%($%($)*(+13+, * 1(9#*(%: (:OP($*),"_9*#(
H and Hg scan is ongoing.

® Advanced MVA techniques are under investigation for RUN 3:
| L&*-"5",+&4(#$914% & #+!1#"&#398"&B" 3*#(* G*'$*1L(9GG*&(-"5"$(A#S+I#< (PH IO BYE*,$.(IB<NIC
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B 0118/

® Utilizing lepton triggers can largely suppress
QCD backgrounds with relatively high
efficiency.

The trigger strategies refer to the | |!
multilepton J; Fa( study [link] and follow the

recommendation.

® single-lepton triggers (57 !"
(@7

® Trigger Scale Factor calculated by
*00+;)0<")=44%#%'&#8>0** A &lfe [link]

di-lepton triggers
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Single lepton triggers (2015)

u HLT_mu20_iloose_L1MU15, HLT_mu5®
e HLT_e24_lhmedium_L1EM20OVH, HLT_e60_lhmedium, HLT_e120_lhloose
Dilepton triggers (2015)
pu (asymm.) HLT_mul8_mu8noL1
ee (symm.) HLT_2e12_lhloose_L12EM10VH

ep, pe (~symm.)

HLT_el7_lhloose_mul4

Single lepton triggers (2016)

u HLT_mu26_ivarmedium, HLT_mu50
HLT_e26_lhtight_nod®_ivarloose, HLT_e60_lhmedium_nod®,
¢ HLT_e140_lhloose_nod®
Dilepton triggers (2016)
pu (asymm.) HLT_mu22_mu8noL1
ee (symm.) HLT_2el17_lhvloose_nod®

ey, pe (~symm.)

HLT_el7_lhloose_nod0®_mul4

Single lepton triggers (2017 / 2018)

J7i HLT_mu26_ivarmedium, HLT_mu50
HLT_e26_lhtight_nod®_ivarloose, HLT_e60_lhmedium_nod®,
¢ HLT_e140_lhloose_nod®
Dilepton triggers (2017 / 2018)
pu (asymm.) HLT_mu22_mu8noL1
ee (symm.) HLT_2e24_lhvloose_nod®

ep, pe (~symm.)

HLT_el7_lhloose_nod®_mul4d

17


https://cds.cern.ch/record/2314122
https://twiki.cern.ch/twiki/bin/viewauth/Atlas/TrigGlobalEfficiencyCorrectionTool

I 2348+(5&60*0(0)*

"#SUS&E ()*%o+$($%, - $%+/)0/1%)0$%6# (" 2%)'%0-(,' 1/3$%)0$%4$2)' 1%.$&/1/)/' 1%
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Feature Criterion
Identification LooseLH/ TightLH Feature Criterion
Isolation o PLV Loose/PLV Tight "&"'#,)* Identification Loose/Medium
Energy calibration es2018_R21_v0® (ESModel) . .
. Isolation PLVLoose / PLVTight
Object quality Not from a bad calorimeter cluster 1] et <25
Remove clusters from regions with EMEC bad HV (2016 data only) n ) *
In| cut (nl <1.37) || (1.52 < |n| <2.5) |dol/oay <3 -.)
dy significance cut 5 Zo cut 0.5mm
zo cut 0.5 mm
L0191 N Identification JetID RNN Medium/ Loose
"#$%"&" #()*+ \, | priGev] > 20
I 1+)x4)$=$>F?@A Inl <25
) )$ $ $ @ Crack region 1.37 < || < 1.52 vetoed
| M N/OPHFQ|RIS/DQ|US:T Noack 1 or 3
. . ' ' Charge +1
| ’BC$D’$)*5 E)8$’&)$( &1+*+53B,76&C1# Electrongveto passEleBDT
! 155*+5$H* E$| FJ $|@CO L*M $D,$ Muon overlap removal assMuonOLR
p
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% § 4 JY\?%“ESJT@

® P-&*+14(9,7-",1*1a
® B(#HIF)+,,*-#.(( %% *+( # /@0% (+* # /(+,1(@0% /+ <

+K%&(7+N8&Y9, 1#.(2",8-*(1"88kp+, 1698 GHIJ
M+'N8&69, 1(5%1*--", 8(9#",8(1+$+(;%&($)*('%, PoTBDEN8&Y

® +K%&(9,*&$+",$"#.([>Q/(#",8-*(!"88#

-20 -lo  Expected +loc  +200  Observed .
yy+1€0mhag | 1432 1923 26.68  39.53 59.17 45.70 .
yy+0€lthag | 29.25 39.27 5450  80.98 121.70  100.50
yy+2L 2051 2753 3821 57.76 8947 48.36
Combined | 10.02 1346  18.67  27.48 40.66 39.98
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SMANGHAI HAO TONG UNIVIRSITY EXPERIMENT

® #2422 Yanas  Graph for 31 Channel

Table 30: Discriminant varisbles used in BDTG truining for 3¢ channel

Variable Description Separation
N od e ARy, Distance in 5 — & space between lepton 0 and lepton | 32.62%
"y, Invariant mass of lepton 0 and lepton | 26.90%
min m:,,“ Minimum invariant mass of opposite-sign lepton pairs 26.23%
ARy Distance in 5 — & space between lepton 2 and nearest jet 23.90%
ARy, Distance in 5 — @ space between lepton | and lepton 2 1267%
min. m{)* Minimum invariant mass of opposite-sign same-flavor lepton pairs  11.41%
[ e Invariant mass of lepton pair closest 1o Z mass 11.38%
"y Invariant mass of all three leptons and two leading jets 3.49%
myy Invariant mass of all three leptons 2.94%
my Invariant mass of lepton 2 and nearest jet 2.40%
"y, Invariant mass of lepton O and lepton 2 2.11%
Er Missing transverse energy 1.80%
ARy Distance in 5 — & space between lepton O and nearest jet 1.20%
FlavorCategory  Categorization of lepton flavors, details in Sec. 7.2.1 L17%
HT Scalar sum of lepton py 's and missing transverse momentum 0.96%
Edge HT Scalar sum of jet pr's 0.52%
ARy, Distance in 5 — ¢ space between lepton | and nearest jet 0.33%
ARy, Distance in 5 — & space between lepton 0 and lepton 2 0.26%
my, Invariant mass of lepton | and nearest jet 0.19%
HT s Scalar sum of jet pr's 0.05%
my Invariant mass of lepton O and nearest jet 0.01%
. Invariant mass of lepton | and lepeon 2 0.01%

Based on the separation power of variables in BDTG, the
Where edge features are chosen to be invariant mass and AR:

. = [charge, mass, Pt, eta, phi, E]
Nodes Edge = [AR(P;, P;), M(P; + P))]

‘ = [0, 0, Pt, eta, phi, E]

Global features serve to describe a graph at a broader, non-local level:

2 - oS . OSSF
u —[met_met, HT, HTlep' HTjetsr min.m;,~, min.my, 5 Mul, Mllljj]
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