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This note presents a search for a new heavy scalar particle X decaying into a Standard Model
Higgs boson and a singlet scalar particle S using 139 fb™! of proton-proton collision data at
the centre-of-mass energy of 13 TeV recorded with the ATLAS detector at LHC. The explored
X mass range varies from 300 GeV to 1000 GeV, with the corresponding § mass range being
from 170 GeV to 500 GeV. This search uses the event signature of two photons from the

d

Higgs boson decay and one or two leptons (¢ or ) coming from the process of § — WW /ZZ.

The observed (expected) upper limits at the 95% confidence level on the cross-section for
gg — X — Sh assuming the decay of § following the SM prediction is between X fb (167 fb)
and Y fb (710 fb).
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Introduction

 Extended BSM 2HDM+S model

e X = Sh process would be an alternative model enhancing
Higgs pair production.
* Heavy cp-even scalar X into Higgs h + Higgs-like scalar S.

* For mg > my,5, S would decay into WW and ZZ dominantly.

Multilepton channels benefit from large branch ratio.

* Higgs diphoton gives excellent clean spectrum and clear signature.



Related work: ATL

More ATLAS SH undergoing......

CMS bbtautau: JHEP11(2021)057

CMS ICHEP2022:
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m, = 550 GeV (XLO’\

Search for resonances (X) decaing to H/Y(bb)H(yy)
Excess at (125,90) with 650 GeV heavy resonance mass

o(pp—X) B (X—HY -yybb) [fb]

O  3.8¢ local, 2.8¢ global
Interesting pair of numbers (caveat: cherry picking here, do
not attempt back of the envelope combinations)

o H—zr  90-100 GeV excess: 3.1¢ local, 2.7¢ global
o H—WW 650 GeV excess: 3.8¢ local, 2.6 global
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Signal X-S Mass Grid SOATL

EXPERIMENT

e 20 mass points has been chosen:
* Smass from 170 to 500 GeV
7o 500 oo ® X mass from 300 to 1000 GeV

450

* Signal in LO, PYTHIAS8+EVTGEN+A14+NNPDF2.3, AFII.

400 e e e
600, 400 750, 400 1000, 400 .
e Samples are generated with WW1I, WW2| and ZZ2],
350
£
Z % 8 o ° each 200k.
500, 300 600, 300 750, 300 1000, 300
250 * Br(S->WW), Br(S->ZZ) considered in the cross talks.
2°° T T, Lo 2 — e Current POl set on o(pp » X - Sh). So WW and ZZ are
° o ° ° o °
13680,170 400,170 500,170 600,170 750,170 1000,170 . . . . .
300 400 500 600 700 800 00 1000 combined with their predicted branch ratio.

X Mass
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Data & MC

* Framework: AnalysisBase 21.2.131. HGamFramework h026.
e Data: Official h026, 139ifb, 15-18 full Run2 data.

* MC:

SM Higgs(ggH, VBFH, WH, qqZH, ggZH......)

SM HH yy+0/1/2l

.o [ ] A
° C b k d . V / VV DSID Generator PDF (ME) | PDF+Tune (PS) Prod. Mode Events in AOD
O nt Inuum aC g rouna. yy+J ets; +yy; t t+yy- 343981 NNLOPS + PyTHiA8 PDF4LHCI15 | AZNLOCTEQ6 goH 18.3M
346214 PowHEG + PyTHIAS PDF4LHC15 | AZNLOCTEQ6 VBF ™
345318 POWHEG + PyTHIAS PDF4LHCI15 | AZNLOCTEQ6 W*H 0.6M
345317 POWHEG + PYTHIAS PDF4LHCI15 | AZNLOCTEQ6 WH 0.6M
° yy+0| 1 I 2 I fo r b kg S h a p e St u d y . 345319 POWHEG + PyTHIAS PDF4LHC15 | AZNLOCTEQ6 qq — ZH 1.5M
) ) ) 345061 POWHEG + PyTHIAS PDF4LHC15 | AZNLOCTEQ6 g — ZH 0.15M
346525 POWHEG + PyTHIAS PDF4LHC15 | A14NNPDF23 tH 7.8M
345315 PowHEG + PyTHIAS PDF4LHCI15 | A14NNPDF23 bbH 0.299M
346188 | MGMCatNLO + PYTHIAS | NNPDF | A14NNPDF23 tHbj 0.4M
346486 | MGMCatNLO + PYTHIAS | NNPDF | AI4NNPDF23 tHW 0.208M
345868 | MGMCatNLO + PYTHIAS tFyy (noallhad) | 1.94M
345869 | MGMCatNLO + PYTHIAS tFyy (allhad) 1.6M
600542 PowEG + Herwig7 PDF4LHCI5 SM Dihiggs yy+0L | 0.IM
600543 PowHEG + Herwig7 PDF4LHCI5 SM Dihiggs yy+1L | 0.5M
600544 Powneg + Herwig7 PDF4LHC15 SM Dihiggs yy+2L | 0.5M

Table 4: Summary of nominal Single Higgs and di-photon background samples



Event Selection

Common selection criteria in HGam analysis:

Good event

* GRL, Pass the trigger, detector DQ......

2 tight photons

pT. pT.
« —22>0.35 2
myy myy

* Tight ID, Tight ISO.

> 0.25,m,,, € (105,160)GeV

At least 1 lepton

* e/muon pt>10 GeV;  PID: medium;

e Hadronic tau not included.

B-veto

e B-77 veto to avoid the overlap.

22/9/26
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* Regions defined: in total 4.

e WW1I: 1 e/muon + 2 central jets;

* Central jet: pt>25 GeV, |eta|<2.5, pass overlap removal;

« WW2I: 2 same flavor, OS leptons
e Z-veto, |m;; — 91| > 10 GeV

These 2 have enough statistics, use BDT to improve
sensitivity.
 WW1lelm: OS1 electron1 muon;

e 772I: 2 same flavor, OS leptons
* InZpeak: |m; —91| < 10 GeV

Limited statistics, used for number counting.



Cutflow: 11, X1000GeV
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Efficiency %

100 —
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(d) my = 1000 GeV
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e 70% pass the trigger,

g; EXPERIMENT

e Typically, X1000 1| signal events

* 45-50% pass the 2 tight photons.

* 45-40% pass b-veto

* 20%(S170) to 30% pass 1 lepton

* Lepton efficacy >60%.

e Ratio from 2lepton fall to 1l is large.



BDT modelling

22/9/26

Signal MC, yy+jets, Vyy, ttyy, SM single Higgs and SM dihiggs used.

Before training, Data/MC consistence is confirmed.

Reweighting

1 lepton 14 variables and 2lepton 11 variables.

Make sure all the variables have small correlation with m_yy.

Cross validation method + 4 folds

Parameterized X mass used

The true X mass used in the BDT training for signal samples. While background X

mass randomly assigned.
When applying BDT, background use the corresponding X mass.

So 4 BDT trainings, grouped by S mass, have 20 all different BDT outputs for

different signals.

Kaili

Chapter 4 ? ATL
EXPERIMENT
2 T ]
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BDT variables

22/9/26

Ranking | Variable Importance
1 Py 0.1017
2 Map — Mpyjj 0.0936
3 Py 0.0741
4 Er 0.0732
5 AR(J,J) 0.0727
6 AD(yy, 1) 0.0726
7 AR(l, ET™) 0.0704
8 AR(jj,lv) 0.0674
9 mi; 0.0633
10 DeltaR(yy,lvjj) | 0.0616
11 py’ 0.0594
12 my (1v) 0.0529
13 pyt! 0.0421

Table 14: Variable importance in WW11 BDT.

Kaili

Ranking | Variable Importance
| py’ 0.1077
2 E{E“SS 0.1038
3 AD(yy, 1) 0.0939
4 Ml — m”_l_E_lrpiss 0.0929
5 AR(11,12) 0.0885
6 mijj 008?4
7 AR(yy, Il + E¥) | 0.0782
8 pr T 0.0739
9 P, 0.0686
10 mr (I + ET™) 0.0609

Table 15: Variable importance in WW21 BDT.
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BDT outputs

Appendix D for all BDT results.

*: normalised to total Bkg.

0 120_||||||||||||||||||||||||||||||||||||||||||r||||||_

g L ATLAS I ATLAS Working in Progress | S500 * |

P ~ Is=13TeV,139fb ' [JggH [MVBFH ]

E_; 100 |— X1000_S500 [JvH CItH —

w - 1L WitH  [dihiggs ]

Pre-Fit Wyy+jetsOVvyy _

80— [Clttyy 77 Uncertainty:  —

sol- + _

40-  w B 4 . —

20— —

. 0F =

(=] F 3

% 125F =

D S Ay R A B B o A S =

8 0750 E
0'— 6 -05-04 03 02 -01 0 01 02 03 04

BDT
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Clear separation between signal and MC/sideband data.
Consistence between MC and sideband data.

Events / 0.05

30

25

20

15

10

*: normalised 1o total BKkg.

-~ ATLAS Internal ¢ data ----X1000_S500 *
s=13TeV, 139 o " [llyy-+jets [ Vyy
X1000_S500 Clityy  [JggH
2L @VBFH [OVH T
Pre-Fit tH tH

[l dihiggs =~ Uncert;nn'ty

.....

.....

bl

-06 -05 -04 03 -02 -01 ©

01 02 03 04
BDT
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K Mass [GeV] | S Mass [GeV] | WWIL BDT Cat | WW2L BDT Cut
30 170 0.09 0.155
40 170 0.08 0145
4000 200 0.03 0.13
500 170 0.125 [ 0.163
SO0 200 0.095 014
SO0 300 0.025 0115
G0 170 0.16 0115
SN 200 0115 0.085
60 300 0.045 0.11
G 400 0.035 0.1
750 170 0.21 0.03
750 200 0.155 0.035
750 300 0.11 (.06
50 400 0.085 0.11
750 S0 0.035 011
1000 170 0.185 -0L.01
1000 200 0.195 -0.04
1000 300 0.165 0.005
1000 400 0.125 0.04
1000 S0 0.125 .04

For tight region, cut value will be
optimized to confirm at least 1
sideband left.
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Background modeling: shape Chapter 5.2 SPOATL

EXPERIMENT

SS test: 1 lepton BDT tight * Use O lepton data side-band control region as

Events / 1 GaV
z

continuum background shape.

2nd exponential polynomial

CR 01+1j, X100_S400, BDT tight

« BDT tight/loose region use different shape

ATLAS Internal * In BDT training, fake jet as lepton.

M0 BT S 1T/ 40 150 160
M. [GeV]
55 test: 1 lepton BDT loose

Evants / 1 Gav

\ * Background shape simulated from the smooth

12000

10000 2nd exponential polynomial

8000 Wimnse Shape
U ATLAS Internal * Background vyield scaled from the sideband data.
22/9/26 “ Kaili
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Lepton Dependance SOATL

EXPERIMENT

Use sideband 0Ol to simulate bkg.

Use MC yy+0I1/11/2l shape to study uncertainty.

0.03} — MC yylvqq fit —

— MC vyjj fit

Use all bins(105, 160) to calculate the derivation.

Events / 1 GeV

0.025F

0.02- (Conservative)

0.015F

0.01
_ ATLAS Internal

<3% in background shape, both 1l and 2I.

o

o

o

6]
|
|

- Low impact in final signal strength.

.
.............

vYOl/yy1l

o

LI
-----
.
.............
------
-----

e
o)

110 120 130 140 150 160
M, [GeV]
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(Simplified) Spurious signal test

* Directly use signal histogram. SS test-> impact of different bkg function.

* Fit the S+B histogram with (uS + B) to B only shape. Here uS =expected yield, not initial 1pb.

* Requiring relaxed template

U=

Sss
Sre f

<0.1,

SSS

<0.2

SS'ref

Among Functions: Exp, 2" Exp, cheb.

p(x?)>5%

Table 18: The spuirous signal test result for 1 lepton channel in my = 1000GeV,ms = 300GeV, BDT loose region.

1-lepton case

Function | Ndof | u,,[%] | Z;,[%] P(x*)[%] | Selected
"Exp 1 0.47 9.1 39.06 Yes
ExpPoly2 | 2 0.39 8.2 41.27 Yes
Cheb3 3 10.2 19.3 18.46 No
Cheb4 4 8.8 21.2 27.23 No
" Cheb5 5 6.31 233 24.13 No

In 80 different shapes, Cheb fails in mu test, 78 shapes use 2" Exp and 2 use Exp.

22/9/26

Events/ 1 GeV

16000

14000

12000

10000

8000

6000

4000

2000

SS test: X1000S400, 1 lepton Exponential

"
/

ATLAS Internal

2nd order poly Exp 1l pdf

Exp 11 pdf

\

el

\

Il Il Il Il
110 120

leel 1 1
130

I Lo
140

I T R
150

160
M,, [GeV]

Events/ 1 GeV

16000

14000

12000

10000

8000

6000

4000

2000

0

naiii

SS test: X1000S400 BDT loose, 1 lepton Chebshev

ATLAS Internal

5th order Chebshev 11 pdf

4th order Chebshev 1l pdf

3rd order Chebshev 11 pdf

110 120

ool 1 1 1
130

140

150

Y

160
[GeV]
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Signal injection test

Choose u = 1, 1.5, 2 to S+B histogram to check the robustness.

450

400

350

300

250

200

150

100

50

Signal Injection, u=1 test

ATLAS Internal
X1000S300
WW11,BDTtight

0 02 04 08

22/9/26

hist
Entries
Mean
Std Dev

5000
0.9982
0.2055

14 1.6 1.8

Fr

400

350

300

250

150

100

50

Signal Injection, u=1.5 test

ATLAS Internal
X1000S300
WW1I,BDTtight

Entries
Mean

hist

Std Dev

5000
1.51
0.222

Kaili

T R
1.4 1.6 1.8 2 22 24

Appendix G

350

300

250

200

150

100

50

Signal Injection, u=2 test

ATLAS Internal
X1000S300
WW11,BDTtight

Entries
Mean

Std Dev

hist

5000
2.017
0.2449
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Fit framework SPOATL

* As limited statistics, we prefer using binned fit with tool TRExFitter.

* Fit region among m_yy[105, 160]GeV for 22 bins. Bin width 2.5GeV.

* A bit larger than natural photon resolution.

* A smaller bin width and narrower range [120, 130] is tried. No significant difference.

» All systematics would convert to the variation of the shape and yields by bin contents.

=@ x
g4 %

- ENDOECE+

I
05 1"

22/9/26 Kaili
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High mass points

22/9/26

Evenis

Data / Pred.

Evenis

Data / Pred.

[

-y

0.75
0.5

—

I P~ O |

ATLAS Internal -4-data 10
Vs =13 TeV. 139 fo ~' [l X1000_S500 12
X1000_5500 ClgaH 0.0
1L_tight W VEFH 0.0
Post-Fit mvH 02
EtH,tH 0.1

M dihiggs 0.0

[ Continuum 1.2

Total 12.8

Uncertainty

L

57 fwww. suwwnnwwwnsu R NI RRRRY FRTNE AERRURTRTI ERERINT

I

110 120 130 140 150

IIll.‘l'l"l'
_I|||III||||I|III||||I|||I|I
- ATLAS Internal -4 data 1.0
- s =13TeV, 1391 " [l X1000_S500 22
- X1000_S500 [TlggH 0.0
" 2L_tight W VBFH 0.0
- Post-Fit CIvH 0.2

= tH,itH 0.0
[ dihiggs 0.0

[ Continuum 13
Total 3.7
Uncertainty

110 120 130 140 150

Evenis

Data / Pred.

Evenis

Data / Pred.

[T | T T 1T | LI T | LI I | Trorr | T 1T 1T
70 ATLAS Internal - data 327.0
" is=13TeV, 139 i " [l X1000_S500 65
60— X1000_5500 [ClagH 0.2
- 1L_loose W vBFH 0.0
50— Puost-Fit =vH 3z
- EtH,tH 22
o W dihiggs 0.2
40— [ Continuum 5107
Total 523.1
30 Uncertainty
20
10
0
1.25 + *
o7sgt 44 i HH\ll
05 l l
10 120 130 140 150 160
II.I.‘I'l"l'
25_|I|I||||III||II|I|II|||I|II_‘
- ATLAS Internal - data 80.0 A
" fs=13TeV, 139 b ' [ X1000_S500 01 ]
- X1000_5500 [TlgoH 00 -
207~ o1 joose W VEFH 00 ]
- Post-Fit CIvH 29 -
B [ tH, itH 01 ]
15— W dihiggs 0.0
Continuum 1266
10 .
1.25
0.75
05 .
10 120 130 140 150 160
II.I.‘I'l"l'
Kaili

Evenis

Data / Pred.

Events

Data / Pred.

e

pry

N

wh

-

- ATLAS Internal -4 data 1.0
- Y5 =13TeV. 139 o [l X1000_S500 16
C X1000_5500 [lggH 0.0
T Wwielm W VEFH 0.0
- Post-Fit CIvH 0.0
EtH,tH 0.2
M dihiggs 0.0
[ Continuum 25
Total 43

Uncertainty

ol oo Do Lo Lo o Lol

10 120 130 140 150
IIll"l'l"l'
L B L IR B LR B
- ATLAS Internal -4 data 20
- s =13TeV, 1391 " [l X1000_S500 16
- X1000_S500 [JggH 0.0
ZZ2| W vBFH 0.0
Post-Fit EvH 0.4
= tH,itH 0.0
[ dihiggs 0.0
B ¢entinuum 25
Yotal 4.6

Wncertainty
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z
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8
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g

33 é wuluud

17



Systematic: EG_SCALE_AF2

SySt e m a t i C S I;L;Ei?:HISTEG_SCALE_AFZ

Samples: *_signal
Regions: L1_*
NtupleFileUp: "sys"
NtupleFileDown: "sys"

* CP systematics agree with dihiggs combination scenario Vaplohmelp: 6 SCALE_AF2__1up'

NtupleNameDown: "EG_SCALE_AF2__Tdown"

WeightSufUp: "weight"
WeightSufDown: "weight"

* SH signal, single higgs and dihiggs samples CP variation included.

Pre-fitimpact on p:
8= B+40 8= B-A0 —0.020.0150.00.00541 0.0050.0D.0150.02

 Egamma, Flavor, leptons, MET, Jet, Taus CP included.

9="08+A0 pe=8-48 | ATLAS Internal

—e— Nuis. Param. Pull 15 =13 TeV, 1390 *

e Both histo shape variation and weight variation included.

PH_EFF_ID_Uncertaint y
PH_EFF_TRIGGER_Uncertainty

PRW_DATASF

Lepton_Dependance

* Most of CPs have minimal impact. Vetoed by the threshold 0.5%. s e

* Changed to 0.05%, ~20 to 30 NPs will enter the fit. Small impact. s

JET_JER_EffectiveNP_6&

JET_JER_EffectiveNP_4

JET_JER_EffectiveNP_3

* Only Egamma matters.
JET JER EffectiveNP_1

JET_JER_DataVsMC_AFIl

JET_RelativeNonGClosure_AFII

JET_Pileup_RhoTopology

 SS test and lepton dependance uncertainties included.

JET_Pileup_OffsetNPV

JJET_Pileup_OffsetMu
JET_Flavor_Response

JET_Flaver_Composition

ET_Etalntercalibration_TotalStat

calibration_NonClosure_negEta

calibration_NoenClosure_posEta

libration_NonClosure_2018data

\II\‘H\IHH‘III\\HI‘HHIIH‘HH
2 15 -1 -05 0 05 1 15 2
(8-8,)/A0

22/9/26 Kaili 18



Fit results: SM condition

WW1| dominant;
Best point X1000,S300: 167fb.

E 5 :—t | A'll'LAé Wolrkinglin Prlogress o | I_.I_ olbslervledl | E
T 10 ys=13Tev, 139fb" ---- Expected 3
@ _F  Sdecay follows SM 0 £ 1o expected -
>'l; 107 + 20 expected F
T o' ms=500GeV(x 10°) -
X = \ -
>; 10°E me=400GeV (x 10°) ~
=) — \ .
T 107 ms=300GeV(x 10°) -
10 Mg=200GeV(x10) g — -
1 .;_ ms=170GeV = _;'
1 071 E | | 1 | | | | I | | | | 1 | | | | 1 | I E
0 200 400 600 800 1000

m, [GeV]

(though not a good way to show)
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A

L

ﬁg EXPERIMENT

my [GeV] | ms[GeV] | +20 [pb] | +1lo [pb] | Median [pb] | —1 [pb] | =20 [pb]
300 170 0.600 0.896 0.600 0.433 0.322
400 170 0.555 0.819 0.555 0.400 0.298
400 200 0.710 1.041 0.710 0.512 0.381
500 170 0.346 0.518 0.346 0.250 0.186
500 200 0.509 0.754 0.509 0.367 0.273
500 300 0.666 0.974 0.666 0.480 0.357
600 170 0.291 0.437 0.291 0.209 0.156
600 200 0.346 0514 0.346 0.249 0.186
600 300 0.407 0.601 0.407 0.294 0.219
600 400 0.632 0.933 0.632 0.456 0.339
750 170 0.244 0.369 0.244 0.176 0.131
750 200 0.264 0.396 0.264 0.190 0.142
750 300 0.290 0.432 0.290 0.209 0.156
750 400 0.345 0.521 0.345 0.249 0.185
750 500 0.657 0.968 0.657 0.474 0.353
1000 170 0.173 0.264 0.173 0.125 0.093
1000 200 0.179 0.273 0.179 0.129 0.096
1000 300 0.167 0.254 0.167 0.120 0.089
1000 400 0.196 0.298 0.196 0.141 0.105
1000 500 0.239 0.363 0.239 0.172 0.128

Table 22: Upper limits at the 95% confidence level for the cross-section of the gluon fusion production of the
resonance X — SH and the § particle is assumed to decay to WW/ZZ following the SM prediction.

Kaili
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100% WW and ZZ: %A

BDT training and cut not optimized to these assumptions;
For crosstalks, ZZ to WW no contribution, WW to ZZ <5%.

8 F ATLAS ntema ' —eObserved 1 8 [ TATLAS Intemal | | | | e Observed -
= 10 £ (5=13TeV, 13910 ~--- Expected 5 £ 10°: {s=13Tev, 1391’ ---- Expected =
@ F S— WW with 100% @ floexpected 4 @ - S— ZZ with 100% I £ 1o expected -
; 10 = +2c expected 3 ; 10° + 26 expected —
T 0tk ms=500GeV(x 10%) - 5 - me=500GeV (x 10%) ]
F e | & U F e,
>; 10° mg=400GeV(x 10°) = >; - mg=400GeV(x 10°%) ]
o - S o 10° 3 h E
< 10° Ms=300GeV(x 10%) \ 4 % - ms=300GeV(x 10°) :
\ 3 10° h =
10 mg=200GeV(x 10) E - Ms=200GeV(x 10) :
—— 10 - s 2
'E my=170GeV — E A E
. E L ——
10 ! | | | | ! | I | | ! | | ! | | ! | ! I _I§_ :_l: | | 1 | 1 | | I | 1 | | 1 | 1 | | 1 | I IE
0 200 400 600 800 1000 0 200 400 600 800 1000
Best point X1000,5400: 113fb. m, [GeV] Best point X1000,5400: 500fb. my [GeV]
100% WW have larger yields so better 3 times worse than SM assumption due
i to limited yields.
22/9/26 than SM assumption. . »



Unfinished task A

Chapter 6.1

* Theoretical/Parton Shower uncertainty
e Currently SH do not have official recommendation yet
* Herwig SH sample with some technical issue; LHAPDF under study
* Current temporary solution: only considering X.

+-1.8

e 2d interpolation

400 1.6 -3.3 +-1.9
e Extract lines to plane - e i ey
600 1.8 -3.6 +-2.1

8 [ "amad inema T T T 7T "Observed ]
T 10°F (5-13Tev, 13910 - Expected I 750 2.0 -3.7 +-2.1

UT) 105; S decay follows SM J_r;cs expecttec:’j

< E + 20 expected 5
E ok Me500GeV(10) 3 1000 2.2 -4.0 +-2.3

f 103% meA00GOVE ) é

§ 10k me0GRV 1) -

OF meR0GeV 1) e 4

Bomergey = -

0 200 400 600 800 7000

m, [GeV]
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+-3.0
+-3.1
+-3.2
+-3.5
+-3.8

+-5.2

+Theory(%) -Theory(%) TH +-(PDF+a_s)
Gaussian(%)
300 1.5 -3.2
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Major questions raised in First EB SOATL

* Changes all updated in current version draft.
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https://cds.cern.ch/record/2779977/comments?ln=zh_CN#C281286
https://cds.cern.ch/record/2779977/comments?ln=zh_CN#C290555
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Why best on X1000, S3007? SPOATL

EXPERIMENT

Br(S->WW) is much larger, for S300 than S4/500. , (without NLO EW corrections)
among S[170, 500], WW and ZZ are dominant decays.

Br(S->WW, ZZ)
100.00%
90.00%
—— WW ——77
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%

10.00%

0.00%
0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00 800.00 900.00 1000.00

S Mass
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageBSMAt13TeV#Mass_range_and_step_for_BSM_Higg

Signal Selection Eff.

22/9/26

Note: As 1| eff~60%, the ratio 2| fall to 1l is not small.

FXPFRIMENT

Appendix A.

my 300 400 400 500 500 500 600 600 600 600
ms 170 170 200 170 200 300 170 200 300 400
WWI1I, DSID 800943 800944 800045 800946 B00947 800948 800949 BOOYS0  BO0O51 800952
All events 100 100 100 100 100 100 100 100 100 100
No duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 100 100 100 100 100 100 100
Pass trigger 77.56 82.25 81.14 88.92 88.45 83.35 91.86 91.69 90.37 84.82
Detector DQ 77.56 82.25 81.14 88.92 88.45 83.35 91.86 91.69 90.37 84.82
Has PV 77.56 82.25 81.14 88.92 88.45 83.35 91.86 91.69 90.37 84,82
2 loose photons 5857 5926 5946 6098  61.10 6123 63.06  63.11 6269  62.65
Trigger match 53.29 54.64 54.12 58.45 58.19 55.83 61.60 61.46 60.02 57.10
tight ID 45.04 46.47 46.07 49.67 49.36 47.09 52.24 52.01 5049 47.84
isolation 36,73 39.99 38.98 44.28 43.61 39.70 47.45 46.98 44.37 40.26
rel. pT cuts 34.16 3551 34.57 39.95 39.10 35.11 43.62 43.15 39.97 35.50
myy in [105,160]GeV | 33.81 3518 3416 3951 3859 3434 4321 4264 3911 34.43
b-veto 30.75 31.49 3052 3497 34.19 30.35 38.03 37.52 34.18 30.19
At least 1lep 19.32 19.81 20.30 21.27 22.71 20.67 21.92 24.46 23.73 20.55
pass WWII 11.01 13.12 13.85 15.20 16.58 16.11 16.27 18.60 18.92 16.95
WW2I, DSID 800963  B00964 800065 800966 BO0Y6T RO0968 800969 BO0YT0  BOOOT1 800972
All events 100 100 100 100 100 100 100 100 100 100
No duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 100 100 100 100 100 100 100
Pass trigger 84.51 87.68 87.25 91.92 91.75 89.45 93.83 93.99 93.39 91.03
Detector DQ 84.51 87.68 87.25 91.92 91.75 89.45 93.83 93.99 93.39 91.03
Has PV 84.51 87.68 87.25 91.92 91.75 89.45 93.83 93.99 93.39 91.03
2 loose photons 58.15 57.75 5843 5910 5894 6023 60.91 60.68 60.45 61.59
Trigger match 53.03 5345 53.28 56.75 56.22 55.25 59.63 59.21 58.15 56.72
tight ID 45.22 45.74 45.55 48.59 48.07 47.34 50.94 50.69 49.77 48.45
isolation 38.12 39.65 39.06 4323 42.55 40.57 45.96 45.60 43.99 41.37
rel. pT cuts 3549 34.90 34.68 38.88 38.01 35.87 4210 41.73 3945 36.56
myy in [105,160]GeV | 3479 3422 3388 3802 3696 3443 4117 4068 3795  34.67
b-veto 33.56 32.74 3239 36.23 35.17 32.95 39.05 38.65 36.08 32.96
At least 2lep 17.14 18.06 18.12 20.55 20.72 19.45 22.16 23.23 22.35 20.15
pass WwW2] 17.01 17.90 17.60 20.34 20.09 18.95 21.90 22.44 21.93 19.76
pass ZZ21 0.07 0.10 0.43 0.13 0.52 0.40 0.14 0.65 0.46 0.23
WW2l-em .46 8.91 8.85 10.17 10.27 9.64 10.96 11.50 11.02 10.03
fall to llepton category | 11.93 10.51 10.99 11.07 11.14 10.93 11.54 11.82 11.33 10.58
ZZ21, DSID 800983 800984 800985 800986  BO0YRT RO0988  BO098Y  BOOYYD  BODYIL 800992
All events 100 100 100 100 100 100 100 100 100 100
No duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 100 100 100 100 100 100 100
Pass trigger 77.68 81.12 80.26 87.03 86.52 #1.65 80.98 80.82 88.24 #2.69
Detector DQ 77.68 8§1.12 80.26 87.03 86.52 81.65 80.98 89.82 88.24 82.69
Has PV 77.68 81.12 80.26 87.03 86.52 81.65 8098 89.82 88.24 82.69
2 loose photons 5342 5366 5413 5492 55.21 5579 5692 5719 5696  57.33
Trigger match 48.43 49.46 49.14 52.63 52.49 50.88 55.57 55.65 5447 52.29
tight ID 4075 41.91 4152 4461 4441 4281 4687 4693 4585 4371
isolation 32.83 35.78 34.68 39.36 38.81 3577 4231 42.05 39.74 36.32
rel. pT cuts 30.54 31.61 30.81 3543 34.77 31.78 3892 38.53 35.90 32.00
myy in [105,160]GeV | 2993 3098 3014 3467 3394 3073 3817 3769 3473 3070
b-veto 25.04 2453 2371 26.65 2577 2289 2865 2814 2525 21.89
At least 2lep 12.82 12.97 12.87 13.79 13.86 13.75 14.16 14.69 15.67 13.50
pass WW2l 10,13 9.66 6.13 9.94 6.21 5.69 9.99 6.26 6.18 5.16
pass ZZ.21 2.64 3.24 6.68 377 7.60 7.99 4.08 8.35 9.40 8.25
WW2lem 0.07 0.09 0.08 0.09 0.09 0.13 0.11 0.11 0.14 0.11
fall to Ilepton category | 8.52 8.06 7.69 8.76 8.32 6.26 9.56 9.20 6.33 5.53

Table 6: Efficiencies in percent for event selection for signals.

Kaili

X 750 750 750 750 750 1000 1000 1000 1000 1000
S 170 200 300 400 500 170 200 300 400 500
WWI11, DSID 800953 800954 800955 800956 800957 800938 800939 800940 800941 800942
All events 100 100 100 100 100 100 100 100 100 100
No duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 100 100 100 100 100 100 100
Pass trigger 93.90 93.92 93.60 92.95 90.06 95.70 95.56 95.69 95.69 95.31
Detector DQ 0390 9392 9360 9295 9006 9570 9556 9569 9569 9531
Has PV 93.90 93.92 93.60 92.95 90.06 95.70 95.56 95.69 95.69 95.31
2 loose photons 66.12 6598 65.50 64.81 63.87 70.26 70.03 69.93 69.35 68.60
Trigger match 65.35 65.15 64.43 63.04 60.41 69.85 69.62 69.50 68.81 67.87
tight ID 55.30 55.05 54.46 52.80 50.27 59.30 58.99 58.67 58.08 56.94
isolation 51.01 50.75 49.51 46.92 43.19 55.65 55.44 54.89 53.74 51.84
rel. pT cuts 4792 47.61 46.04  43.00 3847 5312 5295 5220  S50.81 48.79
myy in [105, 160]GeV | 47.57 47.12 4522 41.89 37.09 5287 52,51 51.55 4992 47.62
b-veto 41.45 41.08 39.16 36.33 32.17 45.53 4514 4430 4294 40.86
llep 21.69 25.62 27.08 24.90 21.87 19.71 25.60 30.14 29.57 27.95
pass WW11 16.62 20,31 2232 20.98 18.68 15.49 20.95 25.37 25.19 24.01
WW2l, DSID 800973 800974 800975 BO0YT6 800977 800958 BO09S9 800960 800961 800962
All events 100 100 100 100 100 100 100 100 100 100
No duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 100 100 100 100 100 100 100
Pass trigger 95.43 95.31 95.49 95.37 94.10 96.61 96.77 96.84 96.88 96.82
Detector DQ 95.43 95.31 95.49 95.37 94.10 96.61 96.77 96.84 96.88 96.82
Has PV 9543 9531 9549 9537 9410  96.61 9677  96.84 9688  96.82
2 loose photons 63.62  63.33 63.21 62.85 62.67 67.11 67.07  67.16 66.86  66.30
Trigger match 62.94 62.62 62.21 61.51 59.53 66.77 66.70 66.76 66.37 65.70
tight ID 5392 53.75 5321 52.64 50.85 57.43 57.28 5733 56.91 56.27
isolation 49.43 49.29 48.39 47.13 44.22 53.56 53.49 53.36 52.56 51.50
rel. pT cuts 46.18 46.00 44,78 42.90 39.40 50.90 50.75 50.38 49.46 48.15
myy in [105,160]GeV | 45.32 44.96 4335 40.95 37.02 50.16 49.81 49.12 47.84 46.02
b-veto 4279 42.47 41.01 38.49 35.14 46.94 46.63 46.05 4492 43.22
At least 2lep 2396 25.67 26.20 24.56 2224 24.54 28.04 29.91 29.17 28.33
pass WW21 23.65 24.75 2538 2411 21.87 24.14 26.97 28.89 28.49 27.84
pass ZZ21 0.17 0.74 0.63 0.29 0.16 0.22 0.86 0.80 0.42 0.22
WW2l-em 11.90 12.65 12.93 12.22 11.08 12.22 13.90 14.75 14.40 14.12
fall to 1lepton category | 12.27 12.52 12.14 11.62 10.76 13.54 13.04 12.99 12.88 12.34
7721, DSID 800993 800994 800995 800996 800997 800978 800979 800980 S00981  BOOYEZ
All events 100 100 100 100 100 100 100 100 100 100
No duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 100 100 100 100 1000 100 100
Pass trigger 92.35 92.38 91.98 90.73 87.54 94.41 94.56 94.45 94.11 93.63
Detector DQ 92.35 92.38 91.98 90.73 87.54 94.41 94.56 94.45 94.11 93.63
Has PV 92.35 92.38 91.98 90.73 87.54 94.41 94.56 94.45 94.11 93.63
2 loose photons 59.89  60.04 59.63 59.11 58.35 63.46 63.58 63.61 63.33 62.62
Trigger match 59.27 59.25 58.55 57.46 55.16 63.09 63.17 63.14 62.80 01.87
tight ID 4998 5014 4917 4808 4578 5339 5343 5322 5285  51.68
isolation 45.90 46.00 44.42 42.29 38.80 49.83 49 88 49.41 48.66 46.80
rel. pT cuts 4291 4297 41.25 38.70 34.58 47.48 47.40 46.85 46.02 4398
my, in [105,160]GeV | 4222 4223 4022 3743 3309 4695 4678 4599 4492 4268
b-veto 30.66 30.57 28.53 26.06 22.68 33.10 32.64 31.58 30.64 28.72
Al least 2lep 13.68 14.63 17.85 16.51 14.55 12.22 13.08 19.37 19.46 18.42
pass WW21 9.64 6.18 6.58 5.93 5.20 8.72 5.85 6.76 6.58 6.17
pass 2721 3.95 8.36 11.15 1048 925 3.39 7.12 12.48 12.72 12.14
WW2l-em 0.11 013 017 0.18 0.16 0.12 0.10 0.20 0.21 0.21
fall to llepton category | 10.88 10.59 6.77 5.98 5.06 12,07 12,17 7.12 6.21 5.84

Table 7: Efficiencies in percent for event selection for signals.(Continued)
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Sideband Data/MC consistence spenine. | SOATL

* As our limited side data yield, we use yy+jets(known as “Sherpa”)

and Vyy, ttyy continuum MC in the BDT training.

* Behavior between MC and sideband data need to be guaranteed.

* After tuning, The discrepancy between data and MC

would be acceptable.

3 180 ATLAS  Intemal ots 1 2 180 ATLAS  Intemal @ d jots

o] nterna 1 # data Wyy+jets A & F nternal ¢ data Myy+jets -

& 160 fs=13TeV, 139 fb ' [@Vyy [Cttyy 1 8 1e0b s =13 TeV, 139 b ' [ Vyy Clttyy ]

- X1000_S500 > Uncertainty n & - X1000_S500 “~Uncertainty 7

E, 140 1L, before reweighting _: § 140~ 1L, after reweighting _:

i Post-Fit . it} L Post-Fit ]

120 — 120 -

100 - 100 =

80 — 80 ]

60 - 80 -

40 = 40 =

20 — 20 —

] l ]

o5 0E—— ! R E & OpTT e E

& 125F ) i & 125F %) 3

8 075F 5 4 8 orsE =
0'50 20 40 60 80 100 120 140 160 180 200 0'50 20 40 60 80 100 120 140 160 180 200

Transverse M, [GeV] Transverse M, [GeV]

22/9/26 (a) (b)



TMVA: ks=1 issue

 Reference:
e Guide:

* Source code:  Tmva/src/CrossValidation.cxx, CvSplit.cxx,
MethodCrossValidation.cxx

 We can confirm:

* 4 folds ABCD, CV train BCD then test on A; train ABC then test on
D, etc. When applying, only one fold information would apply to
one individual event.

* The training sample itself never use in testing. No over-fitting
issue.

* On the other side, this ks=1 sample is not used in the TMVA
application. This sample is only used to test the performance.

* Instead, we decided to display the individual fold ks plot to avoid
the confusing.
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PN

TMVA overtraining check for classifier: BDT

(1/N) dN/ dx

{1/N) dN/ dx
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|

TMVA overtraining check for classifier: BDT_fold1

0.2 0.3
BDT response
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5 :@ Background (test sample) * Background {training sample):

:Kolmogumv-ﬁmirn ov test: signal (background) probability = 0.047 (0.872) 7
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Ll Ll 1
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https://root.cern.ch/download/doc/tmva/TMVAUsersGuide.pdf

Alternative way to show overtraining: SOATL

EXPERIMENT

* Sum the individual fold test/training sample
together, (scale 1/3) would be the better
AN S example for overtraining tests.

18- S foldsumTrain:S ]

e * The combined sample and the individual sample
share different weights.

Events

: - * KS tests not exactly to 1. There is no over-
training issue.

* Also it showed that the individual fold TMVA
05" ROC is consistent with the combined one.
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BDT Variable Correlation

Correlation Matrix (background)

Linear correlation coefficients in %
MT w1 5 -10. 1123 11 12 13. 1 5100
M [ R 9 9 627 10 91005

M_XminusS -8 -15-.4 2 9_25 g 10008 1
A 1 e 13 20 27 34100 8 104§
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100

100

1 lepton bkg: S400 signal

2 lepton bkg: S400 signal

Signal and background
hold different behavior.

Kaili

Correlation Matrix (signal)

Linear correlation coefficients in %
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Correlation between mass and BDT ATL

EXPERIMENT

SS test: 1 lepton BDT tight

m_H:X1000_S400_BDT_1I

Events / 1 GaV

11 data signal 21 data signal 2nd exponential polynomial

X1000_S170 | -6.08% | -0.24% | X1000_S170 | -7.27% | -0.74%
X1000_5200 | 0.66% | -0.40% | X1000_S200 | 3.90% | 0.87%
X1000_S300 | -0.31% | 0.55% | X1000_S300 | 1.82% | 1.62%
X1000_S400 | 3.95% | 0.83% | X1000_S400 | 4.88% | 2.22% )
X1000_S500 | 3.55% | -0.57% | X1000_S500 | 4.32% | 2.59%
X0300_S170 | 2.22% | -0.97% | X0300_S170 | -0.22% | -1.70%
X0400_S170 | 544% | 1.03% | X0400_S170 | 4.50% | 3.59%

CR 0l+1j, X100_S400, BDT tight

ATLAS Internal

110 20

X0400_S200 | 5.46% | 0.08% | X0400_S200 | 4.17% | 4.79% I 1
X0500_S170 | 5.93% | 0.20% | X0500_S170 | 0.59% | 1.25%
X0500_S200 | 2.57% | -0.82% | X0500_S200 | -3.54% | 0.75%
X0500_8300 | 6.40% | 1.91% | X0500_S300 | 4.17% | 4.65% SS test: 1 lepton BDT Ioose
X0600_S170 | 6.11% | 0.41% | X0600_S170 | 4.02% | 4.19% m_H:X1000_5400_BDT_1I N
X0600_S200 | 8.06% | 0.16% | X0600_S200 | 091% | 1.92% T woF :3 veooo
X0600_S300 | 6.66% | -0.12% | X0600_S300 | -2.77% | 0.81% = E %: -
X0600_S400 | 6.66% | -0.12% | X0600_S400 | -2.77% | 0.81% ol g 14000
X0750_S170 | 7.19% | 1.52% | X0750_S170 | 4.29% | 3.07% - 12000
X0750_S200 | 6.41% | 1.93% | X0750_S200 | 3.94% | 3.32% 140 10000 2nd exponential polynomial
X0750_S300 | 8.64% | 2.00% | X0750_S300 | 0.72% | 2.46% C
X0750_S400 | 9.13% | -0.09% | X0750_S400 | -3.01% | 1.10% ra0f- = 8000 ~CA 01+1], X100_S400, BOT loose
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Though small correlation,
22/9/26 We do found the shape for tight/loose regions;are different. Use different shape to fit.
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Diphoton vertex efficiency

Compare the performance between hardest vertex(default) and NN(used in Hgam)
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Figure 77: Efficiency of selecting a correct vertex by two approaches as a function of variables.
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Toy limits test SPATL

Limits from toys

: ----- Expected CLs - Median
'I —
: . Expected CLs+ 1
0.8— Expected CLst 26
0.6 [ +20c 4+l Median -l =20
= Asymptotic | 0.348 0.227 0.152 0.109 0.081
0.4 B toy 10.00 0.215 0.153 0.116 0.097
. Table 25: The expected limits of the search myx = 1000 GeV, mg = 300 GeV with asymptotic and toy.
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Figure 79: The expected limits of the search my = 1000 GeV, mg = 300 GeV with toy.
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