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Action items SOATL

EXPERIMENT

 Action items (for unblinding):
- Make sure you addressed all cds comments properly and add missing plots to the INT

note

- Produce fit results with sideband data instead of background-only asimov data.

- Summarize the outcome of these residual action items into a new set of closure slides
and send these to the HH&HDBS conveners as well as the EB. If needed, we will schedule
an additional follow-up closure talk at the HH meeting, otherwise we can simply circulate
slides.

Action items (post-unblinding):
- Produce all results with low number of background events (< 5 events) with toys.

» Changing to non-Asimov fit has been done.



Asimov Fit
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Non Asimov Fit
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Comparison ATL
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Sideband data fit

SS test: 1 lepton BDT tight

Only 2 events in sideband,
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The shape impact on limit is <3%.
But the deviation is >2 sigma.



Non-Asimov fit
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Non-Asimov fit Pull/Ranking

Non-central lumi and NP values found.
Fit model is stable and is able to have the non-Asimov results.

Pre-fitimpact on p:
8 = B+A0 8 = B-A0

Post-fit impact on u:
8 = 6+A0 g =08-A0
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Action ltems (Also Updates since last December) ?A L

1. Reply to all comments on CDS

2. Include background uncertainties and remove signal uncertainties in the data/MC plots.

3. Check the definition of delta R in presence of neutrinos

4. Run toys for the problematic regions where you have only 1 event or try to merge regions to avoid needing to run

toys, i.e. when you define regions make sure the asymptotic approximation still holds

o1

Please describe the interpolation and the mass resolution studies in the note

6. The EB wants to see Appendix A (statistical analysis) complete before unblinding
7. Single Higgs Parton shower uncertainty

8. Bin by bin lepton dependance uncertainty

9. Spurious signals function form check

10. Background function fit on sideband data.



CDS comments

* Receive hundreds questions, comments and suggestions on CDS since December.

* Thanks for all!
* All answered at
* In latest version22, required contents are integrated.

Is it correct to say "'SM Higgs” when talking about a non-125 GeV Higgs? Would it be more correct to say Heavy Higgs or
something else?

->For the description of “SM Higgs”, we found that in twiki page https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG?
redirectedfrom=LHCPhysics.LHCHXSWG#Higgs_cross_sections_and_decay_b, LHCHWG group also called this “non-125 GeV
Higgs”. To reduce the confusion, we changed to describe it with “non-125 GeV SM Llike Higgs”.

L138)

» “the process of X — SH, 55"

Does X—5SS need to be considered as a background process in this analysis?

->We search the diphoton spectrum in the mass window of 105-160 GeV. Thus S mass greater than 170 GeV should not be
seen in this window. Even if S happens to be in this range, the Br of S decaying into WW and ZZ should be small.

23/5/29 Kaili

Answers begin with the right arrow.
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https://cds.cern.ch/record/2779977/comments

Background normalization uncertainty
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In the past, only signal strength is float in the fit, but the normalization
factor for other components are fixed to 1.

In this plot, 11 BDT tight region include 77% continuum background
uncertainty.

Generally, this lead to ~1-2% limit reduction.
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Definition of delta R

* The pz for neutrino(MET) is missing

* Imagine lepton and neutrino comes from one W (W mass constrain)
* the pz of neutrino can be reconstructed. So delta R here can be used.

| Variable

| Definition

| Separation |

Regarding particle X

AR(yy,lvjj) | Angular difference between diphoton system (H) and Ivjj system (S) | 0.048

Regarding particle S

AR(jj, 1v) Angular difference between dijet system (Wj,q) and v system (W.,) | 0.089
p;f” Transverse momentum of [vj j system (§) 0.373
Regarding SM Higgs boson

p;y Transverse momentum of diphoton system (H) 0.484
AD(yy, 1) Polar angle difference between di-photon system (H) and signal lepton | 0.026
Regarding single W boson from S

AR(j, J) Angular difference between two jets (Wj.q) 0.171
py Transverse momentum of di-jet system (Wj4q) 0.181
mji(my) Invariant mass of di-jet system whose mass is closest to my(Wpaa) 0.119
AR(1, EX™) Angular difference between lepton and EF™** (W,..,) 0.108
EF™ Missing transverse momentum 0.248
p‘:} Transverse momentum of the single lepton 0.203
my(lv) Transverse mass of [ + ET"™ system (Wp.p,) 0.044

Table 11: Variables used for BDT training in WW11 channel and their separation powers.

23/5/29

Variable

. Definition

| Separation |

Regarding particle X

AR(yy, Il + EF™) ‘ Angular difference between diphoton system (H) and [l + EJ"™ system (S) | 0.031
Regarding particle S

AR(l + ET"™, 1) ‘ Angular difference between leading lepton + ET'* (W) and [, | 0.038
Regarding SM Higgs boson

Py Transverse momentum of diphoton system () 0.621
AD(yy, 1Y) Polar angle difference between di-photon system (H) and the leading lepton | 0.079
Regarding single W boson from S

p;'. Transverse momentum of the leading lepton 0.415
ET™ Missing transverse momentum 0.638
p;'.J'E%‘L Transverse momentum of the leading lepton and E%“‘“ system 0.533
mr(ly + ET") Transverse mass of leading lepton and EF"* system 0.362
my Invariant mass of di-lepton system 0.358

Table 12: Variables used for BDT training in WW2I channel and their separation powers.

More explanations of these variable used in BDT are included in the draft.
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Toys tests: stability test

* For all mass points and all sub-channels, toy tests are done.

* In these Asimov toy tests, even for both signal and background
vields<10, the limit deviation between toy/asymptotic <20%.

* Combined limit including all channels, difference <12%.

 The fit model itself is stable and consistent in these statistics

limited situation.
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Interpolation COATL

20 points->1600 points Best point (X10005300) 167fb.
Linear interpolation in log(y) scale.

»
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Issue for mass resolution/running mass: SPATL

 EB asked to think about running X/S mass.

 Currently, this analysis do not sensitive to different X and S mass.
e All the events are kept as long as 2 tight photons and 1 good leptons obtained.
* In BDT training, no variable is heavily rely on X and S kinematics.
* For one mass point, like X750S200, to pass the selections for X6005200, the difference is cut value

23/5/29

X Mass [GeV] | S Mass [GeV)

WWIL BDT Cut | WW2L BDT Cut

300 170 0.085 0.14
400 170 0.08 0.08
400 200 0.03 0.1
500 170 0.125 0.12
500 200 0.095 011
500 300 0.025 0.09
600 170 016 0.09
200) 0.115 0065
600 300 0.045 0.09
GO0 400 0.035 0.06
T30 170 0.185 0025
200 0.155 0
750 300 011 0.035
750 400 0.07 0.065
750 504) 0.035 0.065
1000 170 0.155 -0.02
1000 200 0.15 -0.1
1000 300 0.145 -0,03
1000 400 0.115 0.015
1000 S(H) 0.115 0015

As we tested the different threshold sideband data for
limits, The limit may varied for cut value but the final
impact on limits is acceptable. If the X-S mass is running,
our selections are efficient to find the sensitivity.

Which is, it is possible for us to do extrapolation for
running X-S mass.

Kaili 18



Validation for interpolation

e Use [600, 300], [1000, 300] to interpolate [750, 300]:

« 290 (Real)
e 291.417 (Interpolated)

* Use [600, 200], [1000, 200] to interpolate [750, 200]:

.« 264 (Real)
e 270.235 (Interpolated)

* For phase limited cases, the deviation will be large.
» Results for (600, 400) ~20% uncertainty.



Appendix material OATL

* Draft extend to ~250 pages to include all the mass point plots
* Rankings, pulls, limit plot included.

* Spurious signal tests, continuum background modelling uncertainties, toy test
plots also included in other Appendix chapters.



Single Higgs Parton shower uncertainty SOATL

EXPERIMENT

e Similar as HH-ML, h027 MxAOD samples used to obtain the single Higgs
theoretical uncertainties.

eHerwig
after
Herwig
¢ ¢ = ebefore —1 Where before= initial total sum of weights
_ L ythia ’ After cut=After selection(2 tight photons and 1 good leptons)
after
EPythia
before

* For all single Higgs components, yields variation ~8%. Impact on signal yield <2%.
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Figure 152: Rankings including systematics and gammas for (my, nis)=(1000,500) GeV mass



Bin by bin lepton dependance uncertainty§arLas

XPERIMENT

— MC yyiv it 3
— MC pyjjfit 3

* Instead to calculate y?

* Histogram variations directly imported

* This lead to smaller uncertainty.

* (For left plot, the uncertainty now is 1.3%).
8E s — 10('”;;/) E
Eioczgm — 10(-1_s“°/) :3
Nominal and varied shape are automatically § :{}; lT |l + lT +
compared and the impact included. Rt SR S 3
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Spurious signals function form check

Comparison between 1%t exp and 2" exp

SS test: 1 lepton BDT tight

-
>
G 160
2 1402
3 - (-4.322 x X125 | 027187 x (1259
B 120 Func = e 125 125
100 ; 2nd exponential polynomial
s + CR 0l+1j, X100_S400, BDT tight
60— +
40— t ++
201 ATLAS Internal T
0: | ‘ | | | | |========\==| | | | | ‘ | | L |
110 120 130 140 15 160
M,, [GeV]
23/5/29 Kaill

Events /1 GeV
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—0.033(x
1stexp as e (),

Shape is shifted to (0,1) to compare.

SS test: 1 lepton Exponential

2nd order poly Exp 11 pdf

Exp 11 pdf
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;
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Background functions SOATL

* In SS tests, Chebyshev polynomials is vetoed.

* Both 15t exp and 2"9 exp can pass the tests but most of them 2"d exp has better

benchmarks for mu_sp. So 78 of 80 of them choose exppoly?2.
* Among 78 of 80 functions, 2" order exp is best in the SS benchmark.

* Left 2 use 15 exp.

» After check, with ~1000 events left in Ol CR region,

* | can confirm always smooth down shape and no peak around 120 GeV.



Background function fit on sideband data. AT

EXPE

Py

<
m
2
-

* In SH analysis, the continuum background do
not rely on the side band data. Instead,
control region with more events used.

* If using sideband data, one need to fix shape
and right side lower. Then the deviation is ) e ! B, 4 s

* If use sideband data to determine the shape,
there is the example from bbyy group. NIRRT
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Moving forward

* Analysis strategy established and well defined now;

* Many updates are done since last closure report
* Internal note now include more materials
* Paper can be prepared quickly based on this

* We are ready for unblinding
e Similar strategy as HH-ML, similar excess is expected.



SH model for Higgs couplings

Vig) — V(d)pwss = — VR = avih® - %dh“ + const.

g fZSZSZSZ)'\ , S
9 _h 9 - e h //
//’ ~ J@g /
t/h —h:a( t/b Y > ' -=-=X
\\\‘\ X \\
g Th g -~ - h N
(a) (b) AY
9 QQQQ) H(S)
23/5/29 Kaili

X->Sh model, an alternative model

enhancing Higgs pair production.

Heavy cp-even scalar X into Higgs

h + Higgs-like scalar S.
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Current studies for HH/SH

ATLAS HH:

* bbyy: Phys. Rev. D 106, 5 (2022) pp.052001

* bbbb: (ATLAS-CONF-2022-035)

* bbtt: (arXiv:2209.10910)

e combination: arXiv: 2211.01216

CMS HH:

* bbbb: (PRL 129(2022)081802)

e bbyy: (JHEP 03(2021)257)

* bbtt: arXiv:2206.09401

* multilepton: arXiv: 2206.10268

e Wwyy: CMS PAS HIG-21-014

* combination: Nature 607, 60-68 (2022)

SH:
CMS SH->bbtTt:
CMS SH->bbyy:

ATL

EXPERIMENT

1
ATLAS —— Observed limit CM.S T bl muTew
V=13 TeV, 126—139 fbo-' - Expecte I o) o dy Tl edan nperod
SM _ =
Ogar +ver(HH) =32.7 o == Expected limt+t¢ | | == 85% axpected
Expected limit +20 b 27 | .
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Observed: 32 H
Multilepton E
Obs. Exp. Expected: 19 5|
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bbyy| * 4.2 5.7 bb 1y ! }
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pbttT |- * 4.7 3.9 bb 1T
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bbbb- * 5.4 8.1 bb bb \
E Expected: 4.0 A
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. Loy e——— Expected: 2.5
0 5 10 15 20 25 30 Observed: 8.4 | el R
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95% CL uppe to signal strength Uiy 95% GL limit on o(pp — HHay,.
OT +UT 4T, T 137 b (13 TeV) .. e
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i —e—Observed a T LI R R B B T T T T T T T T
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107 ey M= 240 GeV (107, “rBxpected 4 T s . Expected limit = 2 std. deviatio
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<2 4 017._.-u§“¢..¢ﬁ__m,4=400 GeV (-10") o expected 10" = > m, =450 GeV (x10") —e— QOp o imi
—_ y sde & +—m,, =450 GeV (-10"") ] 10 e % - served 95% upper limit
5 10'5 —Hd-_ uf-l“”‘/’. I, = 500 GeV (- 10 3 ‘T10 I . m, =500 GeV (x10")
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More results for SH are undergoing.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052001
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-035/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-40/
https://arxiv.org/pdf/2211.01216.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.081802
https://arxiv.org/abs/2206.09401
https://arxiv.org/abs/2206.10268
https://cds.cern.ch/record/2840773/files/HIG-21-014-pas.pdf
https://www.nature.com/articles/s41586-022-04892-x
http://arxiv.org/abs/2106.10361
http://cds-lb.cern.ch/record/2815230/files/HIG-21-011-pas.pdf

Model & Final states

* Expected to be model independent

* Nominal sample do not rely on BSM assumptions;

* Results presented as S follow as same decay branch ratio as H.

* Also S->WW/ZZ 100% results shown for extrapolation.

* If S decay like Higgs, for m¢ > my,5, S would
decay into WW and ZZ dominantly.

e S decay: electron or muon;

* H125 decay: diphoton, clear spectrum;

* Final states:

* Diphoton + Multilepton chosen.
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X-S Mass Grid
a m p e S 500 7sd%00 1008sdo

e Data: Official HGam h026, 139ifb, 15-18 full Run2 data. " L e
o "X Mass [GeV]
* Signal * 20 mass points has been chosen:
 SHWW1Il, WW2I, Z72l, Pythia8.(800938-800997) * Smass from 170 to 500 GeV
e X mass from 300 to 1000 GeV
° MC: o I I I I I I I I 1 I I I
* SM Higgs(ggH, VBFH, WH, qqZH, ggZH...... e |
« Continuum background: yy+jets, V/VV+yy, tt+yy. s
e yy+0I, 11, 2| for bkg shape study;
- WW1I SH cutflow |
ms|GeV] | BR(S — WW) | BR(S — 2Z) ARPARERRR VAR B
In SH, to mix WW and ZZ signals properly, o oo i (@ e = 1000 GeY
the decay branching ratio are assumed to o o e Consistent with other HGam studies.
be the same as Higgs. 500 54.09% 25 86%
23/5/29 Kaili
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General Object definition SOATL

All default configuration in HGamframework.(h026, AnalysisBase 21.2.131.), Same as HH-ML.

* Good event * Good lepton
* GRL, Pass the trigger, detector DQ...... * e/muon pt>10 GeV,
e B-veto * Electron PID: Medium;

e Electron ISO: FCLoose

e B-77 veto to avoid the overlap with bb.
* Muon PID: Medium

2 tight photons * Muon ISO: PflowLoose_FixedRad
 Hadronic tau not included.
- P15 0352025 0.25,m,, €
Mmyy myy
(105, 160)GeV

* Tight ID, Tight ISO.
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Categories SOATL

EXPERIMENT

Qiyu use further selections like pt_yy>50GeV,
while in SH pt_yy used as BDT training

Channel | Drefinition

Optimization strategy . L . .
T TR T T variable, no additional selections applied.
W2l 2epton, same favor, |y — mg | 10GeY BDT
WiWilelm I electron | muon Cut bazed
£21 _ 2lepton, 2 central jets, same flavor, mee — mz | 10GeV Cut based

Table 10; Definition of the four channels and the corresponding optimization strategics,

* WW1lelm and ZZ2| are clean enough so
directly use as number counting.

Observables: m,,,
Blinded region: 120 GeV<m,,,,<130 GeV
Sideband region: [105, 120]U [130, 160] GeV
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TMVA Training

e BDT used

* 4 folds Cross Validation.

* Training on reweighted continuum

backgrounds+single Higgs+Dihiggs vs

e
180 ATLAS

E Vs=13Tev,
"89F X1000_S500

signals.

Events / 20 GeV

E Post-Fit
120

100
s
60
40f
2of

of

IRERARERRRD
Internal ¢ data
139 b ' [ Vyy

7 Uncertainty

EEamaEa S
Wyy+ets
Dty

140~ 1L, before reweighting -

1.25%4} 4)

4=

waa

Data / Bkg

1E
0.75 5

—O—

0.5
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Transverse M, [GeV]

(2)

Events / 20 GeV

Data / Bkg.
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1205

100

80

60

40

20

0

1255

T
F ATLAS  Int
F Vs=13Tev, 13
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L Post-Fit

[ 1L, after reweighting 1

e ABEAC
Myy+jets
Oty

T
emal ¢ data
9 b ' [Vyy

~Uncertainty

1
0.75F

0.5

T'?TE
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Transverse M, [GeV]

(L)

Events / 0.05

Data / Bkg.

120
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0
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*: normalised to total Bkg.

- ATLAS Internal ¢ data ----X1000_8500 *
[ Us=13TeV,1391b '[JggH [MVBFH

|- X1000_S500 [CIvH [EtH

- 1L WttH [ dihiggs

" Pre-Fit Wyy+jets@Vyy

Cityy 7 Uncert;ainiy'i

0'—50.6 -0.5 -04 -03 02 -0.1 0

srm

BDT

LIl Ll
Data / Bkg.

Events / 0.05

*: normalised to total Bkg.
TTT HH‘HH‘H\I‘HH

[ TTT | TTTT | TTTT ‘ TTTT ‘ T | ‘ TTT \_
r ATLAS Internal ¢ data  ----X1000_S500*
30 s =13TeV, 139 fo ~' [Wlyy+ets I Vyy .
C X1000_S500 Ottyy  [ClogH ]
o5l 2L [VBFH [vH =
- Pre-Fit RIGEE [ PEog
C Mdihiggs 7~ Uncerfdifity i ]
20 .
15— .
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5 o =
0:- DI 2 e pwnen | " u\uuwu:
By ; : ‘ P : | Andar
1255 T T 5
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In this plot, continuum backgrounds+single
Higgs+dihiggs are shown in sideband region,
while dashed signals is the normalized signal in

signal region.
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TMVA variables

* Parametrized my

e X mass used in training to get 20 different

23/5/29

outputs, but small impact.

Parameters Value
BoostType AdaBoost
AdaBoostBeta 0.5
HTrees 830
MinNodeSize 2.5%
UseBaggedBoost True
BaggedsampleFraction .5
SeparationType Ginilndex
nCuts 20
MaxDepth 3
HegWeightTreatment lznore
UseCrossValidation True
Hums of Folds 4

Kaili

| Variable ‘ Definition | Separation
Regarding particle X
AR(yy,lvjJ) \ Angular difference between diphoton system (H) and lvjj system (S) | 0.048
Regarding particle S
AR(jj,1v) Angular difference between dijet system (Wj,,4) and v system (Wy,.,,) | 0.089
p{rvj i Transverse momentum of /v j system (S) 0.373
Regarding SM Higgs boson
pp Transverse momentum of diphoton system (H) 0.484
AD(yy, 1) Polar angle difference between di-photon system (H) and signal lepton | 0.026
Regarding single W boson from S
AR(J,j) Angular difference between two jets (Wpaq) 0.171
py Transverse momentum of di-jet system (Wjaq) 0.181
mjj(mw) Invariant mass of di-jet system whose mass is closest to mw(Whaa) 0.119
AR(1, ET'™) Angular difference between lepton and EI" (W) 0.108
EF Missing transverse momentum 0.248
p’T Transverse momentum of the single lepton 0.203
my(lv) Transverse mass of [ + EJ"** system (Wi, p,) 0.044

Table 11: Variables used for BDT training in WW11 channel and their separation powers.

[ Variable | Definition | Separation |
Regarding particle X
ARyy, 1T+ EZ™) | Angular difference between diphoton system (5 and 7 + EF'™ system (5) | 0031
Regarding particle 5
AR + ET™ 1) | Angular difference between leading lepton + E3™ (W) ) and I | 0038
Regarding SM Higgs boson
p;." Transverse momentum of diphoton system (5 0621
Ay {vw, 0y ) Polar angle difference between di-photon svstem (H) and the leading lepton | 0,079
Regarding single W boson from 5
p;'. Transverse momentum of the leading lepton 0415
EFE Missing transverse momentum 638
p;.'.#"' ) Transverse momentum of the leading ]l;‘p[{_ll'l and E.'J'.’i"‘ system 0.533
my iy + EP Transverse mass of leading lepton and EX"™ system (0.362
mi lnvariant mass of di-lepton system (1.358

Table 12: Variables used for BDT training in WW2I channel and their separation powers.

No variable heavily rely on X/S mass value.
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BDT cut value configuration ATL

EXPERIMENT

e 2 region, tight, loose defined. * Impact for different threshold studied.

« At least 2 side band data events in tight ~ [rom threshold 2-10.
region assured. IT;::I:::,L:L.L% i{]f}‘-'l: ff}l?':."« ::05.’.”.';: fﬂs.l"ﬁ: ?{]9.3‘& i]{]._’i‘-‘: Tll.ﬁ‘-"« ?H.d‘-‘i t?d.*l‘}':

Cut value 012 0115 01 0,095 0.08 0,07 0.065 0055 0,05
Table 17: Relative limit change for different sideband data entry threshold in (pey, mg) = (1000, 4007 Gev WWI1
X Mass [GeV] | § Mass [GeV] | WWIL BDT Camt | WW2L BDT Cut channel

300 170 0.085 0.14
40 170 008 0.08
400 T .03 1 Threshold |1 2 3 4 | 5 5 7 8 [ 9 L0y
S0M) 170 0.125 T 0.12 Limit increase | T | 103, 0% | 105.3% | D064 | 1102% | H06% | 112.8% | 112.7% | 114.0% | 115.3%
500 M) (0.005 011 Cut value 0.165 | 015 0135 LN ] .08 0.06 005 0.045 0,025 0.15
500 300 0.025 , 0.09 “Tﬁ:]:i::i Felative limit change for different sideband data entry threshold in (s, mg) = (LOO0, 1700 GeV WW 11
600 170 .16 .09
600 200 0.115 0065
G 300 (.04 5 .09
GIM) 4(M) 0.035 0,06 - -
750 170 0185 0,025 I'Jlu'én']lnld 1 . 2 . 3 . 4 . 5 . G . 7 _ 8 _ 9 . 11 .
750 2 0.155 0 I._mul change | 100% | 106.9% | 995% | 78.7% @ B0.4% | 83.1% | 90.5% | 93.3% | 92.4% | 98.4%
750 300 011 0.035 Cut value (L195 | 0185 0165 | 0105 | 009 008 0075 | 007 065 | 0035
750 400 0.07 0.065 ;['g:I;:I‘J Relative limit change for different sideband data entry threshold in (e, meg) = (750, 2000 GeV WWIL
750 5(M) 0.035 0065
1000 170 0.155 0002
1000 2 015 -0.1
1000 30 0.145 0003
1000 4] 0.115 0015
1000 5(M) 0.115 0o1s
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Background Estimation

e General idea:

* Using sideband data Ol CR (failed 2 tight photons)
shape to simulate yy+1/2l shape.

* Use sideband data yy+0Il+1j to simulate yy+Ivijj.
* Use yy+0I+2j to simulate yy+lvlv.

* Smooth analytic function used to estimate the

sighal region in 120-130.

* Bkg yields scaled to sideband data.

23/5/29 Kaili
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Events / 1 GeV

° ° 1-lepton case
S p u rl O u S S I g n a I S Function | Ndof | fisp[%] | Zsp[%] | P(x?)[%] | Selected
Exp 1 047 | 9.1 39.06 Yes
ExpPoly2 | 2 039 |82 41.27 Yes
Cheb3 | 3 102 19.3 18.46 No
Chebd | 4 8.8 212 | 27.23 No
* Impact for different background Chebs |5 | 631 |23 | 2413 | No

Table 21: The spuirous signal test result for 1 lepton channel in mx = 1000GeV,ms = 300G eV, BDT loose region.

functions tested.

Chebyshev polynomial functions usually can not

e Jnd order exponentia| po|ynomia| pass the criteria; Bernstein is buggy for
chosen discontinuous regions. For 15t Exp and 2"9 Exp,

following the previous practice, 2" Exp is chosen.

* Usp used as uncertainty on signal yields.

Both lepton dependance and spurious

SS test: X10005400, 1 lepton Exponential SS test: X1000S400 BDT loose, 1 lepton Chebshev Signals Varied for different X_S Mmass points,
16000\ 2nd oder poly Exp 11 pt %“ - o o 1l and 2I, and bdt tight and loose.
jaggol- Exp 11 paf & 1000 3rd order Chebshev 11 pdf (80 in tota|)

12000} \ 12000

10000 — 10000

8000: \\\ "3 \.\.‘

60001 — -a, 60001 };‘:‘“&At\\‘\

4000— N\“\‘_'__ 4000 [— T

2000/ ATLAS Internal 2000/ ATLAS Internal

ol Lt e eleslesosles 11 0 0 Lo Loy L T PP T T A O T
110 120 130 140 150 160 110 120 130 140 150 16
M, [GeV] M,, [GeV]
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myy distribution

* Use TRExFitter, one binned fitting tool.
e Suffered from limited statistics.

* No need to parametrized signal shape
e [105, 160], 25bins.

23/5/29

Parameters WYalue
MCstatThreshold 0,005
SystPruningNorm 0.005
SystPruningShape 0.005
BlindSEs FALSE
FitType SPLUSE
FitRegion CESR
LimitType ASYMPTOTIC
Observed Variable My
Variable Range i 105, 1601GeV
Elind Range (120, 1301GeV
Numebr of bins 22

Bin width 2.5 GeV

Table 24: Summary of configurations used in TRExFitter.
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Theory uncertainties

* Truth level sample generated to
calculate the global change for
variations:

* Madgraph+Pythia8
 Madgraph+Herwig7

In MadGraph, need to specify model name
for Herwig: SM_loop twoscalar.

e Current signal QCD is the dominant
uncertainty source, ~13% for X1000S500.
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I lepton region

Uncertainties | as (%) | PDF (%) | QCDup(%) | QCDdown (%)
ggF 3.39 3.67 25.89 -15.97
VBF 0.98 7.96 0.97 -0.52
WmH 0.83 5.78 2.77 -3.20
WpH 0.86 4.99 2.45 -3.08
qqZH 0.88 6.08 3.64 -3.68
ggZH 1.14 3.08 25.83 -19.45
ttH 2.00 5.21 7.39 -9.51
tHbj 0.00 17.01 8.38 -8.63
tHW 0.00 8.30 2.51 -2.02
2 lepton region

Uncertainties | as (%) | PDF (%) | QCDup(%) | QCDdown (%)
ggF 4,37 4.39 38.96 -16.38
VBF 0.70 0.11 1.19 -1.12
WmH 1.02 4.83 1.87 -3.37
WpH 1.17 4.26 5.16 -4.12
qqZH 1.00 5.78 4.67 -3.91
gg/H 1.03 2.97 25.77 -19.41
ttH 1.92 4.87 6.63 -9.59
tHbj 0.00 30.57 991 -8.77
tHW 0.00 8.07 5.45 -6.46

Table 22; SM Higgs theoretical uncertainties for QCD, ag and PDF variations,

1 lepton region

Uncertainties

Parton Shower (%)

as (%)

PDF (%)

gedupi o)

geddown (%)

di-Higgs

2.51

(.93

3.87

13.22

-12.47

Uncertainties

Parton Shower (Yo)

2 lepton region
g (To)

PDF (‘o)

gedup(o)

geddown (o)

di-Higgs

-2.85

0.93

3.94

13.17

-12.48

Table 23: Di-Higgs theoretical uncertainties for Parton shower, QCTY, g and PDF variations,

Dihiggs Results from Qiyu.
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Systematic uncertainties

* Followed Dihiggs scenarios, >100 NPs

included.

* While there are no explicit selections on

objects for photons and leptons, most NPs

do not change m,,,, shape and yield.

* Pruning threshold 0.5%, usually only
Egamma, lumi, DATASF NPs passed.

* Analysis dominates by statistics.

23/5/29 Kaili

Pre-fit impact on
B BsAl @< Boap -0.15 -01 —005 Au 005 01 DS

Post-fit impact on u: LR LR L LR LRLRI R \S

0= H+AB 0= 8-A0 | ATLAS Internal ENT
—e— Nuis. Param. Pull fs=13TeV, 1391 ™
Qco j—
PDF_As -—.—-
LepDep_11_L +
Lusminosity ‘——‘—'
LepDep 11_T -—+—
PH_EFF_ISO_Uncertainly —_——
PDF_As_SH —_—
Parton_Shower -—’—
PH_EFF_ID_Uncertainty -—p—~
PH_EFF_TRIGGER_Uncertainty -—.—-
PRW DATASF -—i-—-
¥ {L1massRA2 bin 8) ] ’-
¥ {LimassRA2 bin T) ’
LepDep_21 L —
¥ {L1massR1 bin &) 1 ] i
+ {L1massR1 bin T) i
¥ {L1massR2 bin 9) i i t
LepDep 21 T I—Q—'
T iLimassA2 bin 6) i i
T {L1massR1 bin 9) .
1 (WW1e1m bin 8) ‘
i (WW1e1m bin 7) +
¥ {L2massR1 bin &) t
+{LimassR1 bin &) .
{L2massR1 bin T) i
1 {L2massR2 bin 8) .
T {L2massR2 bin T) t
¥ (Z221 bin 8) .
1 (ZZ21 bin T) : I .
RTRARRTRISRARIETRRARRCTA NN AR MR NRAN

-2 -15 -1 -05 0 05 1 15 2
(8-8,)/48

1gure 36: Rankings including systematics and gammas for (e, mg )s=i400,200) GeV mass

X400S200 NP ranking.
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Expect Results for S decay like SM.

L GEII||||||||||||||||||||||-..............5
'8_ 10 = IATLAS Intelrnal | " e Observed E
— 5[ fs=13Tev, 139 o ---- Expected N
c% 10 = I £ 1o expected S
B + 20 expected -

;E 10* §_ mg=500GeV(x 10°) e _§
% 10° 3 mg=400GeV(x 10% E
X - \ .
< 102 = me=300GeV/(x 10%) =
- e —
o 10 mg=200GeV(x 10) E
© - \ 3
1 I§_ms=17ocaev _§'
L ~ n
10 EI I L1 1 1 | L1 1 1 | | I | | L1 1 1 I L1 1 1 | | I | | L1 1 1 | L1 1 1 I IE

200 300 400 500 600 700 800 900 1000
m, [GeV]
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my [GeV] | mg[GeV] | +2er [ph] | +1e [pb] | Median [pb] | —1e [ph] | =2 [ph]
RILL 170 1.360 (.89 (.604 0.435 1.324
4H) 170 1.130 0.762 0517 0.372 0.277
AW} 200} 1636 1.138 0.786 0.567 0.422
S04 170 0.756 0.493 0.330 0.238 0.177
S(H) 200 1020 0683 0.462 0.333 (0.248
5000 3000 (.666 0974 0.666 0480 0.357
&) 170 0.651 0.420 0.280 0.201 0150
BN 200 0.745 0.496 (.335 0.241 0. 180
&) 3000 0.842 0.571 0.389 0.280 0209
BN 400 1.24%8 0844 0.574 0414 (1.308
750 170 0.567 (0.366 0.243 0.175 0.130
750 2000 0.572 0369 00.246 0.177 0.132
750 300 (.631 0.429 (.290 0.200 L1155
750 400 0.820 0.547 0.370 0.266 0.19%8
750 500 1020 0.687 (.466 (0.336 (.250
1000 170 0.421 0.267 0.176 0.127 0,094
1000 2000 0.401 0.254 0.168 0.121 0,090
1000 300 0.404 0.260 0173 0125 0.093
1000 400 0471 0.303 0.201 0145 0,108
1000 300 ().5365 0.365 0.243 0175 0.130

Table 27: Upper himits 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/AZL following the SM prediction.

Best channel in (X1000, S200): 168fb.
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Expect results for S 100% to WW/ZZ.

BDT cut value stay the same as SM predictions,

WW:

but scale the yields to 100% WW/ZZ.

myx [GeV] | mg[GeV] | 420 [pb] | 1o [pb] | Median [pb] | =1 [pb] | =2c [ph]
300 170 1.327 0,863 0.57% 0417 0310
4 170 1.166 0,788 0.535 0.383 0.287
40H) 200 1.126 0.769 0.524 0378 0281
SN 170 0.762 0.499 (0.333 0.240 0179
500 200 0.831 0.557 0.376 0.271 0.202
SN 300 0981 0.673 0.460 0.332 0247
6N 170 0648 0.420 0.280 0.202 0.150
B0 200 0.573 0,380 0.256 0.184 0.137
6N 300 0615 0416 (0.282 0.203 0.151
(M) 400 0.796 0,538 0.364 0.263 0.196
7350 170 0.564 0,356 0.235 0.1649 0.126
7500 200 0450 0.293 0.195 01440 0.105
750 00 0430 0,298 0,200 0.144 0,108
T510) 400 0.466 (0,300 0. 199 0144 0107
730 SO0 0.776 0.523 0.355 0.256 0,191
1000 170 0410 0.254 0.167 0.120 0,089
1000 200 0326 0.202 0.133 0.096 0071
1000 300 0.280 0.173 0.115 0.083 0.062
1000 4000 0272 0172 0113 0081 0.061
1000 S00 0.309 0,196 0.129 0.093 0,069

100% WW have better limits for larger yields.
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ZZ:

my [GeV] | mg[GeV] | +2o [ph] | +1e [pb] | Median [pb] | <1e [pb] | =2 [ph]
300 170 5.059 3.230 2.119 1.527 1.137
400 170 3875 2,469 1.620 1.167 0.870
40H) 200 2.597 1.656 1.0E8 0784 (1.584
S(H) 170 3075 1.953 1.280 0923 (1L.687T
S04 2000 2187 1.392 0.915 0,654 0.491
5000 300 2142 1.366 0,900 0.648 0.483
6N 170 2.725 1.726 1.130 0814 (L.606
) 200 1.926 1.223 0,803 0.579 0.431
6N 300 1.753 1.113 0.732 0527 (1.393
) 4000 2.036 1.297 0,854 0.615 0.458
750 170 2.537 1.606 1.050 0.757 0.564
7500 200 1.825 1.155 0.758 0547 0.407
750 300 1.417 0.89%8 0,589 0.425 0.316
7500 4000 1.532 0972 0.639 0460 (1.343
750 S00 1.749 1.112 0,731 0.527 0.393
1000 170 2.384 1.494 0,983 0.708 0.527
1O 200 1.99% 1.260 0.825 0.594 (1.443
1000 300 1.216 0,766 0,502 0.362 0.270
1000 4000 1.209 0.762 (0.500 0360 1268
1000 SO0 1.272 0,803 0,526 0.374 0.282
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Summary

* We are ready for unblinding.

* Currently best channel in X1000S200, for 168fb.
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Signal cutflows

23/5/29

my 300 Rt 40H) S[M) S04 S0 [EE] 6 ol Gl
iy 1700 170 2060 170 200 300 170 200 300 4000
WWIIL DEID BOOR43 BOOD44 BONU4S BOU4G  BOOU4T  BOOUAE  BO094Y  BOD9S0D 200951 200452
All events. 100 100 100 1K) 100 100 100 100 100 10y
Noduplicates 100 100 10K 1) 100 o 100 00 100 100
GRL 10 106 1040 104 100 100 100 100 100 10k
Pass trigger T7.56 #1125 8114 HE.42 R4S #3.35 U186 LaY W37 B4E2
Detector DO T7.56 825 81,14 88,92 8845 83,35 91,86 91,69 @037 B4.82
Has PV 7156 BL2S 8114 a5.92 83,45 H4335 U186 OLas G037 84.82
2 loose photons 5857 5926 5446 Glh9E G110 61.23 63.06 63.11 6164 6263
Trigger match 53.29 54.04 54.12 58.45 58.19 5583 alal  6lde 6002 5700
night 1Dy 4504 4647 4607 4967 4936 4709 5224 5201 5049 4784
isolation 3673 30,99 38,08 44,28 4361 39.70 47,45 46,98 44.37 40,26
rel. pT cuts M6 3551 34.57 30,95 o 3500 43.62 43,15 39.97 35.50
i [105, 160)GeV | 3381 3518 EENT 3051 33.59 3434 4 4264 30001 3445
beveto 75 1149 3052 3497 3419 30,35 38.03 3752 34,18 3009
Al least 1ep 19.32 19.51 20,30 2127 2n 2067 2192 2446 2373 20.55
pass WWII 1101 13.12 1383 15.20 16.58 16.11 16.27 18.60 18.92 16.93
WW2I, DSID BODOGI  BOOUGH BOOYES BOOUGH BOOUGT SODUGE HO0DGY  HOD9TO0 800971 80072
All events (TR [T TR T o0 w0 10 100 ] T
N duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 10 100 100 100 100 100 10Ky
Pass trigger 8451 H7.68 87.25 91.92 9175 B45 93,83 93199 9339 9103
Detector DO 451 ET.08 87.25 a1.92 9175 8945 93,83 93,99 9330 91.03
Has PV 451 B7.68 B7.25 9182 9175 8945 93,83 9399 93539 9103
2 loose photons 58.15 57.75 5843 Sl 58.94 6023 60.91 668 &l.45 6159
Trigger match 53.03 5345 53.28 56,75 56,22 5525 59.63 50.21 58.15 56,72
night ID 4521 4574 4555 4859 4307 4734 50.94 S8 4997 4845
isalation 3802 39,65 39,04 43,23 4255 40.57 43,906 4560 43.99 41,37
rel. pT cuts 1549 3400 3468 3888 3301 3587 4210 4173 39.45 36,56
My, in [105, 160]GeV | 3479 3412 EER11 3502 3696 3443 41.17 4068 3795 34.67
h-vetn 33.56 32.74 32.39 36,23 3517 3295 39.05 38.63 36.08 32.96
Al least 2lep 17.14 18.06 18.12 20055 0.72 19.45 2216 2333 2235 2015
pass WW2l 17.01 17590 17.60 20034 2009 1895 2190 1144 2173 19,76
pass ZZ21 0.07 0.0 0.43 LA K] 0.52 040 14 .65 0.46 0.23
WW2l-em B.46 891 885 117 1027 964 10.96 11.50 1.0z 10,03
fall to Hepton category | 11.93 1051 10.99 11.07 11.14 1093 11.54 11.82 11.33 10,58
2221, DSID ROOME3  BOOUS4  BOOURS  B0O986  ROOURT  BOOUER  S009RD 200990 800991 800402
All evenis 100 100 100 10 100 100 100 100 100 10y
No duplicates 100 100 100 104 100 100 100 100 100 10y
GRL 100 100 1040 1) 100 100 100 100 100 100
Prss trigger T77.68 gl12 80.26 B1.03 86,52 5165 5998 8082 BE.24 8260
Detector DO} TI.68 BL12 BOL26 H7.03 8652 165 29.95 3982 qE.24 22068
Has PV TI.68 81.12 8026 87.03 86,52 8165 89,98 89,82 88.24 82.69
2 leose photons 5341 Sine 54.13 54.92 55.21 5579 56.92 578 56096 5733
Trigger match 4843 4946 4914 5163 5149 A0.88 55.57 3563 54.47 52.2%
tight I 40.75 41.91 41,52 4461 4441 4281 46,87 4693 45.85 4371
solation 3283 3593 3468 3036 3331 3577 42 42,08 3994 3632
rel. pT cuts .54 3Ll I8l 35.43 3477 31.78 38.92 3E.53 35.00 32.00
myy in [105, 160)GeY | 29.93 30.98 RIAES 3467 3394 3073 38.17 3Tes 373 3070
b-veto 2504 2453 2371 26,65 2577 2280 2865 2514 35125 2LEY
Al least 2lep 12.82 12.97 1287 13.79 13,86 13.75 14,16 1469 15.67 13.50
pass WW 21 1013 966 613 9.94 6.2l 5.69 999 6,26 6.8 Sla
pass ZZ21 2.64 in .68 37T 760 799 4.08 B8.35 940 325
WWZ2-em 0.07 0.0% 008 .09 .09 [INE} [LAN 01l 14 (IR}
fall to llepton category | 8.52 LA 7.6 B5.76 §.32 6.26 LT 9.20 6.33 553
Table 28: Efficiencies in percent for event selection for signals,

X TS0 T50 750 750 750 100k 1000 10040 1000 100
s 170200 300 400 500 170200 300 400 500
WWIL DSID BOORS3  BOOWS4 BINWSS  BOOO956  BODUST  BOOU3IE  BODG3YD  B00440 ROAMD  BA42
All cvents 100 100 10 10 100 oo 10 100 100 100
No duplicates 100 100 100 100 100 on 10 100 100 100
GRL 100 100 100 100 100 00 o0 1o 100 100
Pass trigger 93.90 93.92 93.60 9293 00.06 95,70 95.56 95.69 9569 95.31
Detector D) D300 §93.92 Q360 0295 Q.06 95,70 95,50 05,659 95659 9531
Has PV 9300 9392 U360 9295 006 U570 USSA  USE0 9560 9531
2 loose photons 6h_12 6598 635,50 G431 6337 T0.26 T005 69.93 64935 [t Al
Trigger match 6535 6505 6443 6304 G041 6985 6962 695D 6BEl 6787
tight ID S530 SS.05 5446 5280 5027 5930 5899 SK67  SEOS 5604
isolation 5101 50.75 49,51 46,92 43,19 5565 3544 RER 53.74 51.84
rel. pT cuts 4792 4761 4604 4300 3847 5312 5295 5220 SOBI 4RT9
my,in [105,160]GeV | 47.57 4712 4522 4189 3700 5287 A251 5155 4902 4762
beveto 4145 4108 3906 3633 3207 4553 4504 4430 4294 4086
lep 269 2562 2708 2490 2187 1971 2560 3004 2957 2795
pass WWII 1662 2031 22.32 20L4E 1868 15449 20045 25.37 2519 24.m
WWIL, DSID BOO9T3 BOO9T4 BNUTS  BOO9TO O BODUTT  EDOUSE  BOD9SY  BO09G00 BOOSG]  BOOMGL
All events 100 100 10 100 100 w0 10 100 00 100
No duplicates 100 100 100 100 100 o0 10 100 100 100
GRL 100 100 100 100 100 00 10 100 100 100
Pass trigger 9543 9531 9549 9537 9410 U6l U6TT 9654 S EE Sh.E2
Detector DO 9543 9531 9549 9537 9410 9661 9677 9684 9685 9682
Has PV 9543 9531 9549 9537 0410 U661 9677 U6B4 9658 9682
2 loose photons H362 6333 63.21 6235 6267 67.11 6707 6716 i B b 30
Trigger match 6204 6262 6221 6151 5953 6677 6670 6676 6637 6570
tight ID 5372 S35 5321 S264 5085 4743 5728 5733 5691 5627
isolation 49.43 49.29 48.39 47.13 44,22 5356 3349 5330 52.50 51.50
rel. pT cuts 46.0% 4600 4478 4280 3940 5080 5075 5038 4946 4815
iy in [105. 160 GeV | 4532 449 43.35 4085 302 A0 16 4981 44912 4784 4602
h-veto 42.79 42.47 41.01 3849 35.14 46,94 d6.63 46,05 44.92 43.22
Al least 2lep 2386 2567 2620 2456 2224 2454 2804 2091 2007 285
pass Ww2l 23.65 2475 2538 24.11 2187 24.14 2697 2889 2849 27.84
pass ZZ21 017 074 063 029 006 022 086 D0 042 022
WW2lem 150 1265 1293 1223 1108 1222 1380 1475 1440 1402
fall to llepton category | 1227 1252 1204 1162 1076 1354 1304 1209  IZES 1234
7221, DSID B00SU3  ROOUOA  BOOU9S  SOOUSG  ROUUST SOOSTH  SODGTU SOOGS0 SOD9R1  SO09RZ
All events 100 100 100 100 100 o0 o0 o0 100 100
No duplicates 100 100 100 100 100 00100 100 100 100
GRL 100 100 100 100 100 on 10 100 100 100
Pass irigger 9235 9238 9198 9073 BTS4 9441 9456 9445 941l 9363
Dietector DO} 9235 9238 0198 0073 BT.54 441 94.50 9445 @411 9363
Has PV 9235 9238 O1.98 o073 R7.54 94.41 94,50 9445 a4.11 9363
2 loose photons 5080 6004 S063  SO.01 5835 6346 635K 6RAl 6333 6262
Trigger match 5927 59.25 58.55 57.46 55.16 63.09 63.17 63.14 (i1 G1.ET
tight ID 4998 5004 4907 4808 4578 5339 5343 §322 SRES SI6R
isolution 4500 4600 4442 4239 3880 4983 498K 4941 4E66 4680
rel. pT cuts 42.91 4297 41.25 38,70 34,58 4T 48 47,40 4685 4602 43.98
my,in [105, 160]GeV | 4222 4223 4022 3743 3300 4695 4678 4509 4402 4268
b-veto L 3057 28.53 26.06 2268 3300 3164 31.58 30.64 2872
At least 2lep 1368 1463 1785 1631 1435 1222 1308 1937 1946 1842
pass WW2I 964 618 ASS 503 520 872 585 676 658 617
pass Z221 395 B36 1115 1048 925 339 712 1248 1232 12,14
WW2l-em 0l 013 017 [INES [IN[ 12 nin 0.2 021 021
fall to llepton category | 1083 1059 6.77 598 5.0 1207 1217 712 621 584

Table 29: Efficiencies in percent for event selection for signals.{ Continued)
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Figure 16: The overtraining plots with ks test values for 4 individual folds in 2 leptons mg = 400 GeV group.
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Correlation matrix ATL

X1000S500 X400S200
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Pruning situations for X1000S500

23/5/29

Most of the NPs are pruned by 0.5% threshold.

Kaili
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Vertex check SPOATL

* Hgam usually use NN vertex while with leptons, it is possible to use the hardest
vertex.

E al E T T T B -I | T T | E L | )
B 1.15f g T Uy . e ‘I‘LH‘U:
EE 1-15[ % 1-!—-!—-|-+4—.1=1—J_—|—|j_,—i-_l-4~_¢%r-|~-—l . % B I i'l".'-ll-d#-i,bl- + | | : I | I I {I
1.05F | 1 nal I . B8 | 1

= | |1
1 | i 1 o | I [
-::lssi:HrH:r#H"‘fH;H#H:i:JF&ﬁ*Htf ':'-5-2: I ] ua:— I | : : JF
03t I ok B 0af- | B |
ﬁﬂﬁf — - Hardest verinx F — - Hardes| vertex ] : “1! — &l verin H
napE o.2f ] o2 |J| H
{:‘.?5;— — - HH werlex : —— = MM verinx : r -Jl-!_l}l — wories 1
0.7 00 200 300 400 500 800 =56 75 @ & 30 3 a0 0 : 3 . 5 B 7
pT_yyiGev Mo lag 10{E pf/Gev®)
(a) p)” (b) Npy (c) log(Zp7)

23/5/29 Kaili 50



Toy limits & signal injections
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Tahle 30: The expected limits of the search my = 1000 GeV, mg = 300 GeV o with asymptotic and oy,
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Figure 91: The expected limits of the search my = 1000 GeV, mg = 300 GeV with 1oy,
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3 bin test
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