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v’ B FHiggsDNARRIM A 3 HrSafllimiEtEsR 7 N Aigﬁﬁ%Fully Resolved 7R 72X

. Good AKS jet candidate
No splitting of SL Di-photon && >=1 . AKS jet pT > 300 GeV

G0 cuAnna B D Good AKS jet candidate LIRS
boosted categories . DT(yy) > 200 GeV && AR(YY) < pi/2
+ PN HWW tagger (SL + FH) > 0.2

=~ FH Resolved: EFpr,, BB AT 100GeVIT23%

xt iteration)

' — SLResolved: BFizFMRFlpr,, BE AT 100GeViT4s

SL: Semi leptonic
FH: Fully hadronic

Boosted category

Categorization scan: Split

PN HWW score into n SL: Exactly 1 lepton && >= FH: Exactly 0 lepton
categories: from LP to HP 2 AK4 jets && b-jet-vete && >=4 AK4 jets && b-jet-veto
di—Photon pair Electrons
LP: Low purity s e
HP: High purity e Standard H->diphoton selection | e Exactly 1 isolated electron
Electrons - (Inherit from HIG-21-014) | e pr>10GeV, |n|e[0.0, 1.4442],[1.566, 2.4]
o At least 1 good di-photon pair: e d xy<0.045cm,d_z < 0.2 cm
® Diphoton: 100 GeV < Mgg < 180 GeV e ID: mvaFall17V2Iso_WPL or
® Leading photon pT > 35 GeV , mvaFall17V2nolso_WPL & pfRellso03_all<0.3
| ® Leading pT photon: pT/mgg > 0.33 e AR(e, V) > 0.4, AR(e, jet) > 0.4
pT(yy) <100 GeV pT(yy) <100 GeV pT(yy) <100 GeV [ ’ guz% leading pT photon: pT/mgg > oZ-Veto: |m,., —91.187| [GeV] > 5 GeV
pT(yy) > 100 GeV pT(yy) > 100 GeV pT(yy) > 100 GeV WG Higgs ak8jet

ak4PFCHS jets

eExactly 1 isolated muon i o At least one good AKS8 Jet 7
¢ 0 isolated lepton e TightjetID

Final limit using combination of * pr>10GeV, |n|<2.5 lelnl<24 * br>25GeV, [ n|<2.4

all categories : ﬁ;_-’-‘y <d.°'°45 cm,d_z<0.2cm | s AR(jet, lep) > 0.8,AR(jet,7) > 0.8 | |e AR(jet,7) > 0.4
hcrall . 1* pr>300GeV . e AR(jet,lep) > 0.4
> 0.2

' 'ARW , V) > 0.4, AR(/l , ]et) > 0.4 e Particle Net H

wwtagger
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] = o 1 +1
Bl : T i, AI(e.g. QCD)o FUMER  Beme s
- Low photon ID sideband
j%;ID Cutﬂj XI‘EjHLI{EQ Min. gamma IDMVA
s R 3 Low photon ID sideband )
O = : = - 250 1 +1
~ g 80002_ .damanCD |:| A _é 4\9 Max. gamma IDMVA
q>) < g 7000%—H = _ :;, 200 .
= Assumptions:
clU | 100 =3
s v DNNHEL{tiZFERS5HFID MVARTHESE AR,
E ‘ 0 v Low photon ID sidebandBEEBRIE S FRFEFAK(e.g. QCD)
—— % t % 21 v Low photon ID sidebandBJF6FA =promptFEF
5 06~ Ho 4203040 150 feoi70 T80 S 900 | . R .
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Link: Data/MC comparison plots
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https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-19-013&tp=an&id=2281&ancode=HIG-19-013
https://shaoweisong.web.cern.ch/
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Training variables MC plot

39 input features

Events / 0.062

DT yleadMyys DT ysublead/ Myy, Mylead» Nysublead» Ylead, sublead mass resolution
Sphericity, Sum two max b score, nGoodAK4jets Jetl,2,3,4: E, pt, eta,
W1, W2, WW: pt, mass
AR(y,y), minAR(y, jet), maxAR(y, jet), minAR(jet, jet), maxAR(jet, jet)

costhetastar, costhetastarl,2

tpr

SHAFREFRHES , §51[0,11Z218]9HAIDNN score
R FHFResolved @58 F R SFIFEEFBFERSIML

39 features

1.0 4
0.8 1
0.6 -
0.4
0.2 1
— test ROC(AUC= 0.934)
0.0 4 ~ train ROC(AUC= 0.936)
0.'0 0?2 0?4 0?6 0T8 1?0
fpr
T — P
ROC curve

CMS Prehmlnary

41510 (13Tev)

YY+jets

hotgrMC Stat. Err.

0 01

02 03 04 05 06 07 08 09 1

Control region DNN score

SCISYIIE R OE

, =X,

Feature Importance

Baseline OOF

0.02 0.04 0.06 0.08

OOF MAE with feature permuted

0.10

(L B AT

FAHEDNN score significance %43 Fully Resolved
categoryHY3<7ll,

FIRAMCZ:BDTL I ZE4gen matched{E5jet
FilIExDNN , E{{iEBiikiEptPtiERIa Net,



https://shaoweisong.web.cern.ch/DNN_cat2/
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Combined resolved limit [250 1000]Gev

m ‘ CMSP’G”"””a’y_ o esm ATLAS Resonant WWyy SL resolved limit| Our Resonant WWyy SL resolved limit
0 ssnosis R N el It S
' i< - R G R T =eaein B BN K _u”?JLTtCL‘”d ......... ikl WS
300 5722.65625 |10 % ol i Elttoopected | { | 10°¢ ; t2sd deviaton =
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350 4082.03125 | e . 1T ok ' 11 |5 :
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;’ —— Observed 95% upper I|rn_|t |
700 3076.171875 I 102k : Radion mass | Limit (fb™1) Scale to bbyy
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900 3046875  [° ¢ 1 (GeV) Limit
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600 3212 2642
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BES 1T X

- Resonant X —> HH/HY - WWyy 20228£78-2023888
1. HEFTIRTAFIESR , XIFully ResolvediBSERL A IERIAT (A IEALIT | 1Fn§5_nIE , FRYData/MC—E[t)
2. FEIZDNNEZR , JEDNNL{LRFFully Resolvedi& , BRI 2EFARSNIAMMULER | FiTHH combine 253HFFIHE

k2 Fully Resolved limitGRIEIRBZEXBEA ~600fb1,2979bbyyLER(~200 fb~1) 3(E, cut-based{TILHAIFEIZF
BEHIHH LimitZS R (3.4pb){iE F B A FRIATLASHIZEER (4.4pb),

3. {E£B2G meeting LiCIRAF 2 tMHERE.

> 4Fsignal jet matchfHBDTRFDNN{t{Y , EEFRF-EDNNELAIResolve RSHIHH limit, TR HHRFIRZE T
> SERGHY » WWyyRIEEaFWWRSTEZ S . ENEV (REFHRIEFB)SIEAHY R

> BHnon-resonant HH - WWyy R thr&sERcombine, FiiT{E6 B pre-appovalif s, sB&ZFTIEN.

= HGCal

1. SehkGantryRIZIE T (E , 8UiE20%MENH | XWEGgantryRIBIIFEETEL0RIKLAA.,

2. FIH{ERLabviewHESIRIRBIELA == CH.

3. RGEEoGPHELRZEBIMENERIRSHRIIER.

4. B5dummyiBIRAGAZ | HIEX EF=RIFE,
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1. Search for non-resonant production of HH decaying toWWgamma gamma
https://cms.cern.ch/ICMS/analysisadmin/cadilines?line=HIG-21-014&tp=an&1d=2459&ancode=HIG-21-014

2. Measurements of tt tt'H Production and the CP Structure of the Yukawa Interaction between the Higgs Boson
and Top Quark 1n the Diphoton Decay Channel CMS Collaboration Albert M Sirunyan(Yerevan Phys. Inst.)et
al. Phys.Rev.Lett. 125 (2020) 6, 061801 * e-Print: 2003.10866° DOI: 10.1103/PhysRevLett.125.061801

3. https://indico.cern.ch/event/1201790/#20-pre-approval-of-hig-22-012

4. arXiv:1902.08570 [hep-ph]

5. Search for Higgs boson pair production in the yyWW# channel using pp collision data recorded at s\V=13 TeV
with the ATLAS detector arXiv:1807.08567 [hep-ex]
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https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-21-014&tp=an&id=2459&ancode=HIG-21-014
https://indico.cern.ch/event/1201790/
https://arxiv.org/abs/1902.08570
https://arxiv.org/abs/1807.08567
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Data—Driven assumptions validation
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background Fake rate
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~0.78-0.76-0.74 -0.72 -0.7 || Calculate fake rate to check assumption 3
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Plot the sideband region distribution to check assumption 2

REBIE SCIYIERR O E




