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HH — Multilepton Overview

. in this year, to cover low sensitivity channels together

* HH — (= 2)leptons(e, u, 1):

* HH - yy + leptons(= 1):

. , Reports in Feb.

8TeV results:
CMS - Phys.Rev.D 90, 112013
ATLAS - Phys.Rev.D 92,092004

CMS multilepton comparable
performance to ATLAS 8 TeV bbtt result.
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https://indico.cern.ch/event/788167/
https://twiki.cern.ch/twiki/bin/view/AtlasProtected/DiHiggsMultilepton
https://indico.cern.ch/event/781783/contributions/3314018/
https://indico.cern.ch/event/834185/contributions/3495951/attachments/1883583/3104183/HH_Hramonization_meeting_Bzabinsk.pdf

Truth level category components $arLas

EXPERIMENT

Done By and

#l | #ry,
0 | =4 | 0.00% | 0.03% | 0.02% | 0.00% | 0.00% | 0.88% |0.94%]0.94% 0 0 3381 4109 41.09
1 | =3 0.00% | 0.43% | 0.05% | 0.01% | 0.01% | 1.86% |2.36%]2.36% 1 0 23.37 - - 2337 3076

0 | 0.04% | 3.33% | 0.14% | 11.88% | 1.08% | 0.22% |16.69% 1 1 7.39 - - 7.39
2 | 1 | 0.00% | 4.82% | 0.20% | 1.05% | 0.13% | 0.59% |6.80%[24.29% 2 0 504 1.36 1.97 837 27.98
SS | =2 | 0.00% | 0.26% | 0.03% | 0.02% | 0.01% | 0.48% |0.81% 2 1 2.26 0.22 9.64 1212

0 | 0.48% | 7.93% | 0.95% | 24.73% | 5.87% | 0.38% |10.35% 2 2 0.27 0.21 7.01 7.49
2 0.03% | 6.97% | 0.61% | 2.06% | 0.45% | 1.28% [11.40%54. 60% 4 0 - 0.13 - 013 016
OS [ =2 0.00% | 1.48% | 0.32% | 0.04% | 0.04% | 0.96% |2.84% 4 1 - 0.02 - 0.02

0 | 0.10% | 3.30% | 0.31% | 7.15% | 2.11% | 0.31% [13.27% 4 2 - 0.01 - 001
3 16.12% = 4 3 - 0.00 - 0

>1 | 0.01% | 1.54% | 0.35% | 0.33% | 0.16% | 0.46% |2.85%
>4 | >0 | 0.05% | 0.40% | 0.15% | 0.53% | 0.51% | 0.05% |1.70%|1.70% 4 4 - 0.00 - 0
Channels like OL, 0~3ty, and 1L, 0~271y, are WWyy (1l and 2I) and tTyy(0I2tau and
dropped due to huge hadronic background. 1l1tau) contribute a lot.

Also ZZbb is also one choice in 4L region.

2019/8/19 IHEP, Kaili 4


https://indico.cern.ch/event/799981/contributions/3325340/
https://indico.cern.ch/event/818789/contributions/3425266/

HH - 4t: 3hadll

This work is done by Bowen with BSMrtrt.

2019/8/19
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41: 3hadll ATLAS

EXPERIMENT

Data: 15+16+17,+/s = 13 TeV, [L = 79.66 fb~1!

Backgrounds:
* WH+jets, top, ZIl, ZZ->4t(3hadllep), Dibosons, QCD

* QCD is estimated by data-driven, other tau fakes modeled by MC.

Signal: aMC@NLO+Herwig7 Non-resonance HH->4t 100k

e truth matched to 3had+1lep

Framework: BSMtt machinery (xTauFramework (produce ntuples) + CAF)

One Lep Trigger;

2019/8/19 IHEP, Kaili


https://indico.cern.ch/event/799981/contributions/3325341/
https://indico.cern.ch/event/799981/contributions/3325341/

QCD estimation ATLAS

EXPERIMENT

Method from BSM Htautau lephad analysis Validation Region Cutflow
s Vs=13 TeV, L=79.66 iyl lephad| Data QCDFake Wijets Top Z—eelup/te DiBoson
a ﬁ'i W iliso Reai Sianal Regi » FakeFactors are d_eriVEd in Have llep 3had | 6807414 216219723 +10240.81 2633171.58 £ 9845.49 1809676.12 £ 857.13 13674451 £62045 6574059 £ 116.23
g9 38 all lso Reglon SR E L FLCR and applied in SR/VR: Use 1L3H truth filter | 6807414 216219723+ 10240.81 2633171.58 +9845.49 1809676.12+857.13 136744.51+ 62045 65624.56 11622
838 % Taus Presel | 64000  16623.12+1106.88 2560851+ 1067.80  17873.69+9351 289254 £109.73  1002.14 £ 14.16
EE Ndata FLCR _ pMC.FLCR Lepton Presel | 50080 7139.18 £ 104047 2296886 £ 1006.835 16568579038 248543+ 10191 91796 +13.58
B Failiso Region | Validation Region |RlkeeRRg sy Oneisolepton| 37840 27924028179  2091445+95196 14847878457  229668+99.19 854461314
ar ‘ ) Charge| 16658 126641 +207.18 0403.94 +642.40 6911655786 112622465.77 399.54+9.14
E«i o ] Bveto| 12180 122503 £205.74 8960.61 +636.03 2089583410 108092 £64.13 37581898
<=t E Ti ; Np%ﬁf).VR: FFX(N}""’{“'VRfN}MJC‘VR)
{\L - » fan fais
- 98« Fake Lepton Control Region
b=
=8
Lepton fail iso Lepton pass iso
Frequentist CL Scan for workspace result_SigXsecOverSM
. . ..
i | Currently, 3hadllep has done with preliminary results.
|:| Expecied Cls + 1o - .
— - Background modelling could be improved.
06:—
e Current preliminary upper limit for o /g, = 123.
02——
T Would work closely with multilepton group in the next
round.

10%

Bkg overall syst

2019/8/19 IHEP, Kaili 7



ATLAS
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Group FrameWork-1

HH — leptons

Ba Sed in Group FrameWork-2

2019/8/19 IHEP, Kaili


https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/TTHMultileptonAnaTop

Object selection ATLAS

EXPERIMENT

o Trigge rsS: 1 |+2 I +ta u Single lepton triggers (2015)

J7 HLT_mu20_iloose_L1MU15, HLT_mu5®
Dilepton triggers (2015) e HLT e24_lhmedium L1EM20VH, HLT_e60_lhmedium, HLT_el20_lhloose

pu (asymm.) HLT_mul8_mu8noL1l Single lepton triggers (2016, 2017)
. eee(s({r:nr;)m) HLTﬁiilizihiﬁizsgtlrznlEll;[i@VH M HLT_mu26_ivarmedium, HLT_mu50

ad s ymm. D'l_ — 2_016 . HLT_e26_lhtight_nod®_ivarloose, HLT_e60_lhmedium_nod®,

ilepton triggers ( ) HLT_e140_lhloose_nod®
pu (asymm.) HLT_mu22_mu8noL1
ee (symm.) HLT_2e17_lhvloose_nod®

ey, ue (~symm.) HLT_el7_lhloose_nod®_muléd Lepton + 7 triggers

Dil i 2017
ilepton triggers (2017) or HLT e24_lhmedium nod0_ivarloose_tau35 mediuml_tracktwo

pu (asymm.) HLT _mu22_mu8noL1
ee (symm.) HLT_2e24_lhvloose_nod0®
ey, te (~symm.) HLT_el7_lhloose_nod®_mul4

Ut HLT _mul4_ivarloose_tau35_mediuml_tracktwo

i Le pto n : Electron
* PromptLeptonVeto(PLV) Ton

Isolation No FixCutPFlowLoose No FixCutPFlowLoose
Identification Loose Tight Loose Tight
Heavy Flavor suppression No PromptLeptonVeto No PromptLeptonVeto
Charge mis assignment No Yes N/A N/A
Conversion suppressions No Ambiguity bit + m_(trk,trk)  N/A N/A

d0_signi< 5 d0_signi <3

Vertex association
Z0_sinTheta < 0.5mm

2019/8/19 IHEP, Kaili 9


https://indico.cern.ch/event/816807/contributions/3409586/attachments/1838411/3012897/20190503_HHML_harmonization.pdf
https://indico.cern.ch/event/816807/contributions/3409586/attachments/1838411/3012897/20190503_HHML_harmonization.pdf

21SS: QMisID

Truth-closure test

2 methods: Likelihood and Truth-matching.

Emis-id

107
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Current QmisID rates from
data is agreed with
note ATL-COM-PHYS-2018-410.
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i charge misID <10~° so ignored.
Electron misID rate studied;

hood)

ATLAsternal

Z+jets Simulation
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https://indico.cern.ch/event/835302/contributions/3504248/

2ISS: Lepton optimization ATLAS

4 variables are checked:
QMisID rejection, PLV weight, pT, QMisID, b veto WP;

0.6
0.250 : ; ; .
ATLAS work in progress
0.225} 1 0.5+
TightID lep ID, veto b-tag 70% ptlepl fixed 15GeV w
o
g 0.200¢ c
- .g oal —— >=2jets
U 0.175} “’é : —— >= 3 jets
= o ATLAS workinprogress  —— >=4 jets
20.150 i . —— >=5jets
0 = 0.3} TightID lep ID, veto b-tag 70% ptl J
s 8 —— N jet shape (4 bins)
© 0125} )
u =
. ~
~ 0.100f 0.2t
0.075¢
0.1 : : : - : - : -
0.050 My 2j e 3j pp 4jpp Sjiep 2j ey 3j ep 4jeu Sjiee 2j ee 3j ee djee 5ji 16 18 Lze{:)pton E):":r Cutz[ge\f] 26 28 30
Flavor Channel
bkg origins also , mainly prompt leptons from VV.

no big impact from QMisID BDT (except on ee channel that is much less sensitive than uu/eu)

Combination of all regions are applied to calculate significance.

2019/8/19 IHEP, Kaili 11


https://indico.cern.ch/event/836848/contributions/3510601/
https://indico.cern.ch/event/833739/contributions/3496796/

Prompt Lepton veto

ATLAS

EXPERIMENT

PLV is independent from other cut like pT.

Optimal cut ~-0.4. more loose than default ttH(-0.7).

-0.7 ~ +0.5 varies about 6%. No PLV cut would drop ~20%.

0.47| /\
0.46}
8 0.45! Tight lep ID, veto b-tag 70%
c ATLAS work in progress
© 0.44
=
S 0.43} /——\
wn
 0.42}
— Lepton pT cut = 10.0 GeV
0.41} Lepton pT cut > 15.0 GeV
0.401 ///’ —— Lepton pT cut = 20.0 GeV
—— Lepton pT cut > 25.0 GeV

—-0.6 —-0.4 -0.2 0.0 0.2 0.4
PLV cut (upper bound)

Tight Loose

0.52F

2/ Stat. Significance

© © © o o o©
= i = = N n
o ) LY =3} [#4] o

o
w
o

0.36¢

2019/8/19 IHEP, Kaili

| —— PLV cut < -0.7

PLV cut < -0.4

— PLV cut < -0.2
- —— PLV cut < -0.05

PLV cut < 0.1

| —— PLV cut < 0.5

PLV cut < 100.0
TightID lep ID, veto b-tag 70% ptlepl fixed 15GeV

ATLAS work in progress

16 18 20 22 24 26 28
Lepton pT cut [GeV]

30

12




0.470

e e
P =
[=] [=)]
(=] w

21 Stat. Significance
e
I
(%]
(9]

0.4501

| —— QMisID BDT cut > 0.7

Tight lep ID, veto b-tag 70%

ATLAS work in progress

QMisID BDT cut > 0.5
—— QMisID BDT cut = 0.3
—— QMisID BDT cut > 0.2

21 Stat. Significance

0.4 ~0.2 0.0 0.2 0.4

PLV cut (upper bound)

—0.6

0.4501

<
S
S
w

; 0.440¢+

21 Stat. Significance

0.435¢

, veto b-tag 85%

work in progress

—— QMisID BDT cut > 0.7

QMisID BDT cut > 0.5
—— QMisID BDT cut = 0.3
—— QMisID BDT cut > 0.2

0.430

2019/8/19

0.4 ~0.2 0.0 0.2 0.4

PLV cut (upper bound)

IHEP, Kaili

0.475¢

0.470r

0.465

0.460+

0.455¢

ATLAS

EXPERIMENT

ight/lep ID, veto b-tag 77%

LAS work in progress

—— QMisID BDT cut > 0.7

QMisID BDT cut > 0.5
—— QMisID BDT cut = 0.3
—— QMisID BDT cut > 0.2

0.4 ~0.2 0.0 0.2 0.4

PLV cut (upper bound)

Besides universal b veto for orthogonality (70%),
Tight b veto allows a more loose lepton selection

by rejecting fake leptons from tt.

77% could be one choice.

13



Add bkg systematics

ATLAS

EXPERIMENT

Adding a 5% systematic on the background in each category (uncorrelated)

>

— PLV cut < -0.7
PLV cut < -0.4
0.46} — PLV cut < -0.2
Y] —— PLVcut<-0.05 | ©
c c
o ©
— &)
£ 0.44 =
k=) o
n n
i .
ﬁ 0.42} g
N N
Tight lep ID, veto b-tag 77%
0.407 ATLAS work in progress
10 12 14 16 18 20 22 24
Lepton pT cut [GeV]
Currently suggested cut:
PLV <-0.4
lepton pT > 15 GeV
2019/8/19 IHEP, Kaili

— PLV cut < -0.7
PLV cut < -0.4

— PLV cut < -0.2

— PLV cut < -0.05

Tight lep ID, veto b-tag 77%

ATLAS work in progress

16 18 20 22 24

Lepton pT cut [GeV]

10 12 14

14



2LSS: Signal Efficiency

Electrons
pr > 10GeV (lep_

Inl < 2.47 (lep_Eta) and the crack region 1.37< |n| < 1.52 is excluded

Loose selection

- ID: LooseLH (lep_isLooseLH=1) electron quality
- Isolation: The Loose (lep_isolationLoose=1) isolation working point

Pt)

- |z sin 8] < 0.5mm (lep_Z0SinTheta<0.5) and dy/0(dy) <5 (lep_sigdOPV<5)

Tight selection:
- Pass the Loose

selection

- ID: TightLH (lep_isTightLH=1) electron

- Isolation: FixedCutTight (lep_isolationFixedCutTight=1) working point

Based in mc16a;

Muons
pr > 10GeV (lep_Pt)
In] < 2.5 (lep_Eta)
Loose selection
- ID: Loose (lep_isLoose=1) muon quality
- Isolation: The Loose (lep_isolationLoose=1) isolation working point
-|zy sin 8] < 0.5mm (lep_Z0SinTheta<0.5) and d, /o (d,) <3
(lep_sigd0PV<3)
Tight selection:
- Pass the Loose selection
- ID: Tight (lep_isTight=1) muon
- Isolation: FixedCutTightTrackOnly
(lep_isolationFixedCutTightTrackOnly=1) working point

ATLAS

EXPERIMENT

lepchargeIDBl

2019/8/19

Channel ee up ey Efficiency(ee) Efficiency(uu) Efficiency(eu)
Lepton Type 48651 49121 76753 27.9% 28.1% 44.0%
Loose quality 42973 37144 58172 24.6% 21.3% 33.3%
Tight quality 22420 30153 39500 12.8% 17.3% 22.6%

pT>10GeV 22420 30153 39500 12.8% 17.3% 22.6%
Lepton eta 20007 30153 36819 11.5% 17.3% 21.1%
SS2L 4716 6727 11154 2.70% 3.85% 6.39%
)TTight > 0.067
ChargelDBDT 4106 10458 2.35% 5.99%
pT(pre-selection) 3227 4816 7827 1.85% 2.76% 4.48%
leppTO > 30GeV, lepI[,T1 > 20GeV IHEP, Kaili
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https://indico.cern.ch/event/839547/contributions/3522024/

ATLAS

EXPERIMENT

HH - yy + leptons

Based in , HIGG1D1.

Huirun added the tau handler to HgamFramework, so

T information is now in Hgam.


https://twiki.cern.ch/twiki/bin/view/AtlasProtected/HggDerivationAnalysisFramework
https://indico.cern.ch/event/836848/contributions/3512014/

Object selection

ATLAS

EXPERIMENT

* Basically followed by H — yy practice;

Currently all the selections are default
configuration in HgamFramework.

* Good Event
e Derivation; Duplicate; GRL; Trigger; DQ; Vertex......

* Bveto: 70%

» 2 Tight photons

* Trigger: HLT _g35 loose_g25 loose/ HLT _g35 medium_g25 medium_L12EM20VH

* Tight PID
o PTy1 pTy
— > 0.35, —_— > 0.25, pTy; > 35GeV, pT,,, > 25GeV

« TMW(Tight Mass Window): |myy — 125.09| < 5GeV

2019/8/19 IHEP, Kaili

17



Object selection: yy, leptons ATLAS

e Electron:
* 0Q, HV, IP, pT> 10GeV, |n|<1.37 or 1.52<|n|<2.47, IP
e Medium PID

* Muon:
* MuQuality, IP, pT> 10GeV, |n|<2.47
* Medium PID

°T.
* pt>20GeV, [n]|<1.37 or 1.52<|n|< 2.5
* Niyacks =1 or3,BDT >0.01

e Medium 7 ID.



[
AnalyS|S. yy+M L Kailis' talk ATLAS
EXPERIMENT
Truth Lepton Number lep lep lep

<%

i_ yy+Multilepton, MC16a/die
C —— Trhol lep
200E- — T Niec =0 29.0% 27.8% 4.0%
5 1
50 N =1 0.4% 25.9% 6.8%
E 1
b Nyw>1 0.0% 0.2% 5.8%
su}
E Total 29.4% 54.0% 16.6%
0_..\.|..\. I N I T

t
1.5 2 25 3 35 4 4.5 5

o
e
o

Samples are generated with MultiElecMuTauFilter, not by truth lepton information.
So samples are combined and effiencicy separated with truth lepton number.

mc 16a/d/e have no significant difference.

not considering T in this slide

2019/8/19 19


https://indico.cern.ch/event/833739/contributions/3493709/

Photon and Lepton effiencicy

2 tight photon ~45%, similar with other diphoton study.

ATLAS

EXPERIMENT

Efflel’ton: Ni:Zth =0 N:.:-Zth =1 Ntlr::fzth >1
Total 100.00% 100.00% 100.00%
Good event+B veto 77.99% 77.99% 77.99%
>=1 loose leptons 75.15% 75.60% 76.56%
Pt>10 GeV 74.00% 74.96% 76.18%
IP Cut 64.12% 69.86% 71.81%
Isolation 59.32% 68.17% 71.19%
PID: Medium 13.14% 57.78% 68.76%
>=1 good leptons 0.84% 34.69% 55.74%
2 good leptons 25.86%
Opposite Sign+Z veto 25.12%
Final 0.84% 34.69% 25.12%

Photon Effiencicy 1 21
Total 100.00% 100.00%
Good Event 82.36% 86.19%
B veto 76.38% 79.31%
2 Loose Photons 61.53% 63.37%
Photon Trigger 55.95% 57.50%
Tight ID 50.90% 52.33%
Isolation 46.81% 48.00%
Relative Pt 46.51% 47.47%
105<m_yy<160 46.15% 46.68%
2 Tight Photos 46.15% 46.68%
120<m_yy<130 44.69% 45.26%

Current lepton selection dropped shapely in

medium PID. Need further check.

not considering T in this slide




Tau Performance in HGam

‘ Final states: Truth 27,

000 ’ cut_flow

- el
8000 — Std Dev 2.232
70002—
60003—
50003_ Currently medium tau ID applied.
4000 —
30002—
20005— %7*
1000 T

o "’”%n,l ”%%l %’\ ~ { - | - | o | - l—gmjfl

s gy e p[)q% Phory, Mo, y layg s, Um,%
ditauMass

Tau information now readable

in Hgam. Further validation

would be done.

2019/8/19
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tau1Pt
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0.08 H }{
0.06— w[
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https://indico.cern.ch/event/836848/contributions/3512014/

Summary ATLAS

EXPERIMENT

* Lots of R&D done since ML group established

e Tools in ttH and Hgam framework developed
* Benchmarks like QMisID and 7 validated;

e 2LSS and yy+ML analysis undergoing

 Aim for 2020’s non-resonance combination note
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3Hadllep Event selection ATLAS

EXPERIMENT

‘ ]_O)(Signal Efficiency 1.6%
Vs=13 TeV, L=79.66 fb'l lephad | Data Total Bkg HH—TThT4T),
Have 1lep 3had | 6807414 6807530.03 + 14245.73 542 +£0.15

Use 1L3H truth filter | 6807414 6807414.00 = 14245.73 2.21+£0.10

Taus Presel | 64000 64000.00 + 1544.79 1.52 +0.08

Lepton Presel | 50080 50080.00 + 1454.32 1.36 £0.08

One iso lepton | 37840 41705.85 £ 1001.40 1.27 £0.07

3 JetBDT loose taus 260 286.08 = 61.57 0.82 +0.06

Charge 114 180.37 £ 53.17 0.81 £0.06

BVeto 50 89.96 + 36.08 0.75 £0.06

LepMetTransMassLow 18 941 £347 0.36 £ 0.04
lephadLow, hadhadLow 3 0.74 £ 0.34 0.09 +£0.02
lephadLLow, hadhadHigh 3 2.72 +2.10 0.10 £0.02
lephadHigh, hadhadLow 2 4.02 +£2.50 0.02+0.01
lephadHigh, hadhadHigh 3 1.19+1.02 0.10£0.02
LepMetTransMassHigh 32 80.56 + 35.91 0.39 +£0.04
lephadLow, hadhadLow 4 7.85+5.21 0.07x0.03
lephadLow, hadhadHigh 2 2.83+1.49 0.01 £0.01
lephadHigh, hadhadLow 5 794 +5.71 0.10+£0.02
lephadHigh, hadhadHigh 6 17.92 + 11.44 0.10 £0.02
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expected limit (median) 120.701
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Expected upper limits,
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Bkg overall syst = 20%

expected limit (median) 124.838

model :
123.079
91.5765
171.939
85.3218
237.25

Current upper limit for o /o5, = 123.
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