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Outline:

(@ Physics Analysis

1. Resonant HH - WWyy
» HiggsDNA framework:

> Object selection & Event selection & GEN study
> Preliminary limit result
2. H—- yy mass measurement with full Run2 dataset
» Diphoton BDT Retraining
(@ HGCAL project:
» HGCAL gantry assemble works

® Vacuum system update

® Glue system update

(3 Plans for near future

Zhenxuan Zhang IHEP(Beijing)&CMS i 2022/9/2 2



i



N Resonant HH > wwyy
Physics Motivation
* Search for resonant di-Higgs production at LHC
* Many BSM theories predict direct or indirect production of new
resonances with enhanced cross-section : such as Warped extra
dimension (WED), Next-to-minimal supersymmetric standard
model(NMSSM) with Radion(spin0) or KK-Graviton(spin2)
* direct coupling with Higgs boson
* Resonant HH —» WWYyy has not been studied yet
e WWyy final state:

* WW has second large BR in Higgs decay
* ¥y has good mass resolution, easy to trigger and good efficiency

e W decay modes:

o W - ev;(BR = 10.7%) .
o W - uv;(BR = 10.63%) __ leptonic ]

o W - tv;(BR = 11.38%) i

e W q7(BR=67.41%) —, hadronic e
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CIEEEDLRE i @ Resonant HH - WWyy

Object selection & Event selection & GEN study

» Add our object selection and event selection in HiggsDNA

® Created a tagger for HH - WWyy preliminary selection(same as previous presentation

(2022.04.15) selection criteria)
» Add GEN study in HiggsDNA

® Created a gen_selection function based on numba to get the gen information for the DNN training

® Form the 4 gen quarks (reco jets) as W boson based on invariant mass based on awkward array

"variables_of_interest" : [

["GenWl_qq" , "pt"] , ["GenWl_qq" ) "eta"] , ["GenWl_qq" , uphiu] , ["GenWl_qq" ) "maSS"] ,
["GenWZ_qq" , Ilptll] ) ["Genwz_qq" , "eta"] , [llGenwz_qqll , llphiII] , ["Genwz_qq" ) "maSS"] )

["GenHWW_qqqqg_Higgs","pt"], ["GenHWW_qqqq_Higgs","eta"], ["GenHWW_qqqq_Higgs","phi"], ["GenHWW_qqqq_Higgs",'"mass"]
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https://indico.ihep.ac.cn/event/16349/contributions/46639/attachments/22552/25589/meeting_IHEP_progress_report1.pdf

SCSENERS Ll = U7
Preliminary limit result

> Flashgg final fit framework - AT e e
» FullyHadronic channel § t
u 0.008— — Parametric Model

> plots mass point 300,700,1250,3000 ey
manually, will try to write a script to run all woul- _—

. i 12In(dof) = 2.3867
mass points at once. o
> S|gna| modellng: ; S L O R mﬁﬁﬁ#ﬁgﬁggﬁo

® only 125 GeV mass point with the best )(2/

= CMS_Preliminary 13 TeV

n(dof) Score 100 — T T T T |1\37\fb-1|(1|3-\re\\/_) 23500_ ’ ©
. goé CM.S_ é gaooof
» Background modeling: [ Preliminary I
E - AsymptoticLimits CL_ expected STAT ONLY 3 E
. . . 70 [l +1-std--deviation = 2000 £
® Perform f-Test to decide which functions(l E +21d.deviation EIN:
require (weak) goodness-of-fit criteria) e

500 F

® choice of bkg pdf treated as additional discrete

L Lo b Ly
120

L Ll |
130 140 150

Ll |
160

30 170 180

100 110

95% CL limits on o(gg— X)x B(X— HH— WWyy) [pb]

nuisance parameter 203 = -
10F - i {‘
056 " foo0 1500 2000 2500 3000 “E
Radion Mass (GeV) , S S U T
» Limit result: ™ (GeV)
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Introduction:

» Diphoton BDT used in HIG-19-015 and currently implemented in
flashgg, was trained with

® XGBoost

® MC samples from Legacyl6 + UL17 + ReRecol8
opp from diphoton+jets MC
o pf + ff from GJets and QCD MC

0 QCD samples down-weighted by a factor of 25 to prevent overtraining due
to the high weights of QCD dijet samples

® so-called “default” training in the following slides

» Trying to retrain diphoton BDT for each UL16, UL17 and UL18 with
® Data-driven QCD+Gjets (ff+pf)
® Two API:
o TMVA BDT in ROOT: so-called ‘TMVA’ in the following slides
O XGBoost : so-called ‘XGBoost’ in the following slides
» Present the retraining results for UL17&UL18 today
42
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_ DiPhoton BDT retraining with data-driven QCD for HHyy with Run2 UL
Data-Driven QCD

> Similar strategy as [HI1G-19-013] (ttH(yy)) T

. Low photon ID sideband

+1

» Events which fail the pre-selection cut on minimum photon ID
MVA in data:

Min. gamma IDMVA

® “low photon ID sideband” : maxID>-0.9 and -0.95 < minID < -0.9

-1 +1
» Generating a new value of the minimum photon ID MVA in the SR DR, -
range [-0.9, max photon ID MVA] randomly, with probability for
each value dictated by the fake PDF from fake photons in y+jets MC [T
©2500 fake PDF from Glets |m "ol
«“ ” . . o o
(“pf” with maxID>-0.9 and minID>-0.95) S for DD QCD g
%20002 .
» To have the proper shape for the maximum photon ID MVA TR 1
. . . . - . . . . 1500 —
distribution, events are assigned an additional, individual weight i 1
D 1000( .
Iy "™ fake PDF """ fake PDF :
/¥ fake PDF ‘ W = _2'3_9 500l N
A = minimum value of photon ID MVA in the low phutunll)\idvb.xhd; 0.9 f—O sfake PDF B ]
B = preselection cut value on minimum photon ID MVA = —0.7 ' :..l ol

111 L1l 111 111 111 | 111 ‘ 111 | 111 | 11 I_
08 06 04 02 0 0.2 0.4 06 0.8 1
ID MVA score of fake photons
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Normalization and reweighting 9 | N

» Normalization SFs of MC pp and data-driven pf+ff: 2D fiton g & 7 TiaT
min. and max. ID MVA
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» Min ID MVA photon o5 /E reweighting: gz /E distribution in
data-driven pf+ff reweighted to that of “data-MC yy", to obtain
better data/MC agreements on the mass resolutions (o,, and o,,,)

»
o
T
|

|||||||||||||||||||||||||||||||||||||||

o
T T

g ‘-55' | | | T T | | ]
‘\3 1;..._,..,. ,,,,,,,,,,,,,,,,, ...,w.....w‘m.%
) ] ] R L g (R LT
» Photon PT reweighting: 2D pT of (min ID-MVA y, max ID-MVA m (GeV)
y) in data-driven pf+ff reweighted to “data-MC yy”, ", to obtain N S
& I
better data/MC agreements on pT/mass for each photon s B e
candidate i B -
» Checked data/MC comparisons for all input training variables, ol E
with data/MC mass-sideband events : next slide E
01.5:”.....................||||||
® Events passing H—>yy preselection 2
B TR B R B - | R} T

m,, (GeV)
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Diphoton BDT Retraining(UL17 & UL18): 3
» Samples :

® Signal: 125 GeV ggH, VBF, VH, ttH signal events
® Backgrounds: MC pp (Diphoton+jets) plus data-driven pf+ff

» Training strategy closely follows that in HIG-16-040/HIG-19-015

® Same selections and 10 input variables to train the classifier

® Signal events is weighted, to assign a higher score for the events with a better mass resolution

Potx 1- Potx
wsig — +
Oro Owo

® Also re-weight events to equalize the sum of weights of the signal and background for XGBoost

» Retraining with two different API:

® TMVA BDT : ROOT api, identical configurations as in HIG-16-040,
used for the cross check of the retraining performance
® XGBoost : python library, sklearn api

» 70% of events for training and the rest 30% of events for testing, for both sig and bkg

Zhenxuan Zhang IHEP(Beijing)&CMS i 2022/9/2 "



_ DiPhoton BDT retraining with data-driven QCD for HHyy with Run2 UL
Training results 9 |
» TMVA BDT:ROC curve & score distributions

/- . _ inl ifier: Sig(traini )
IH:1V: Createl\/IVAPdfs. BOOStType — G ra - TMVA overtraining check for classifier: BDT 10 - bt Bfgsxgi':i‘-:‘;as’;‘:;le)
d:UseBagged Boost: :Grad BaggingFraC e 1p —_— %5 10 [F55] Signal (est sample) | ' | | = Sighal (tralning sample) | ] @ sig(test sample)

o C _—_\ ] = —
. _ - . o~ . 2 E o E = H_/] Background (test sample) | | * Background (training sample) & Bkgs(test sample)
tIO n= O ' 6 Separatlo nType - G ni I n d eX n % 0.9 r T —-\ | 2 8 | Kolmogorov-Smirnov test: signal (background) probability = 0.018 ( 0) _- 84
Cuts=2000:MinNodeSize=0.125: s osf >4 £ 7 y
Shrinkage=0.1:NTrees=2000:!UseYes 2 o7f N\ ] 7 Js S 6 ¢
2 E \_ 6 C & S ]
NoLeaf:MaxDepth=3 % oo . g iH 2
. 0.5 ; E 4 Z __g =
Same as in HIG-16-040 : g .
£ MVA Method: ] 2p) 18 Z8y
03 i 1 r 13 ® °
0_2:“" P IS IS RN RS FU RS PR P //""M'M"’!f:::e!:::...."K“;VAL—;L'» 1—;L:.:uj > fre o 2
0 01 02 03 04 05 06 07 08 09 1 0 s 06 04 02 0 y 6 08 0
Signal efficiency BDT response 0.0 0.2 0.4 0.6 0.8 1.0
BDT score
. . . . 10 -
» Bayesian optimization: — 10
® Sig(training sampel)
84 Bkgs(training sample)
tune the hyperparameters °¢ ¥ Salersmpl)
$ Bkgs(test sample) 0.8
to make sure ROC score
. . o 6 -
for training set always 5 06 , .
. . g 3 £ 0.6
within ~0.5% of test : g & .
. - z =
set(no overtraining) g os i o :
s é 0.4 1
have the best test AUC at o2 N N *
the same time . B "
—— XGB train (area = 0.915) L Py Y
XGB test (area = 0.913) S0
0.0 T T T t 0- —— XGB train (area = 0.938)
0.0 02 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 ol et (b =T0055)
False Positive Rate BDT score 0.0 I I I I -
“0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate
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Performance comparisons ROC
10 A
> Signal: all 125 GeV signals events .
» Bkg: MC pp plus data-driven pf+ff _ 06
> AUC values: 2 04
Default AUC: 0.87807 Default AUC: 0.9025 02
0.0 1
XGB better than TMVA, so UL18 ' v ' v v '
didn’ etcercr)s.sacrr]weckwithSEI)'MVA 00 02 o4 sig_eff 06 08 9
ROC
10 1 — default
~— xgboost
> Better performance from the retraining "
compared to the exist “default” training 506
§0A4-
» Almost identical performance between 02
“TMVA” and “XGBoost” retraining oo
® A tiny better performance with “XGBoost” 00 02 04 o o 06 08 10
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N piPnoton BDT retraining with data-driven QCD for H—yy with Run2 UL
Performance comparisons for UL17:

ROC
» For the best event category of the mass Pl I
. . - Zoom in —— xgboost
measurement, as the preliminary results 08 |
. . . 002
presented by Neil (link) (with the transformed . 06!
. . . <1J|0.01~ 1
“default” diphoton BDT > 0.932), the sig eff is 2ol
~2.5% with respect to the preselection o
0.2 1
» With the same sig eff, compared bkg eff: 00 4+—— | | | |
PR 0.2 0.4 0.6 0.8 10
«“ ” I . 0 sig e
¢ default” training: 0.093% withsamesi%;’nfefal efficiency
® “TMVA" retraining: 0.091% 0.093 - . o gefau
" ) L. . 0.092 1 ® xgboost
® “XGBoost” retraining: 0.085% - o081 |
T 0.090 -
. . é0,0BQ'
» Compared to the “default” training, “XGBoost” g oo
retaining can improve S/VB by ~5% o 0,085
0.085 1 ®

bkg efficiency
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https://indico.cern.ch/event/1154425/contributions/4879757/attachments/2444942/4189393/run2_mass_measurement_prelim_v4.pdf

Performance comparisons for UL18

» For the best event category of the mass
measurement, as the preliminary results
presented by Neil (link) (with the transformed
“default” diphoton BDT > 0.926(common
boundary), the sig eff is ¥2.7% with respect to all
events passing the preselection

» With the same sig eff, compared bkg eff:
® “default” training: 0.109%

® “XGBoost” retraining:

» Compared to the “default” training, “XGBoost”
retaining can improve S/+vB by ~8% and
AMS(=\/2((S+B)ln (1 +§)—5)) by ~“5%

Zhenxuan Zhang IHEP(Beijing)&CMS
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Zoom in
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00] "
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with same signal efficiency
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» xgboost
0.106
2 0.104 -
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g 0102
2
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& 0.100 -
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< 0.098
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Validations 3 ﬁ S =
> Validations with Data/MC events in g E
mass side-band : :

® UL2017 “DoubleEG” data 20%— ]
® MC: MC pp plus data-driven pf+ff o 1.{::::::::::::::::::::::::::::::::::::::::
® Events passing H—>yy preselection § "'""""""’""""""””"“""‘

0500~ —10 42043040 %0 Te0 " i70 T80
m,, (GeV)

® Events passing H—>yy preselection, but with inverted

electron veto requirement / \-

® Mass of diphoton candidates: [80,100] GeV

«0° CMS Preliminary 415 b (13TeV)
» Validations with Z—ee events 8 - o~ (BT
® Samples: UL2017 “SingleElectron” data triggered with E "°°_ '."
“HLT_Ele32_ WPTight_Gsf*”, and DY MC o L

L e e T e 2

data/MC
—_ l
4
|

. | v b b Ly L L L
S TR R TR R R T
m,, (GeV)
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_ DiPhoton BDT retraining with data-driven QCD for HHyy with Run2 UL
Data/MC Validations UL17 G

> Good data/MC
agreement

> Agreements better
than the data/pure MC

L]
comparison

1800 i—10|3 T T T T T T T T T T T 1r|g :|.I3|Te\|/’ L|: 137|ﬂ£
2 | Donoonpressecion [0 Ellvee :
21600— —ggH<300  [I SM diphoton -
01400:_ Fig- 5 —+4— data [ stat Uncert _:
wF CMS AN-19-259 (v17) 1
10003— for HIG-19-015 f
8003— f
«c Data/pure MC =
a00f E
200 ]
2:: e S

o 156 3
E 1 ;_:t*_’-:p: ?I'-t«”-f-t;i_;%:ﬁ; £ ':...::: S —~;
O osF 3
5 e 5 i :

Diphoton MVA score

Events / 0.05 GeV

Data / MC
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Data-driven QCD
] ™Mc stat. Er.
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DiphoBDT

‘IIIIIIIIIIII|IIII

_._._._&!Emgmm~ﬂ:~ loioie

\

1

Diphoton BDT score

41.5fb" (13TeV)

x10° CMS Preliminary
_l T I LI I T 1T I LI | LI | T 1T | LI I LI I LI I T l_
= § Data -
800 !— B —:
— Data-driven QCD ]
700 == [ mc stat. E. —
600 —
500 = “XGBoost” -
400 - retrained DiphoBDT =
300 — —
200 —
100 —
e
E oo nsimeccionesssssasss loiai
1-5 _I T | L | LI | LI | T | T | L | LI | LI | T I_
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N piPnoton BDT retraining with Run2 UL1S
Data/MC Validations

x10° CMS Preliminary 59.8 fb™ (13Te
e L

x10° _CMS _Preliminary 59.8 fb' (13TeV) V
%1400__'"§|'D;t;|"'|"'|"|"'|"'|"'|"'|"'__ EZOOO 3t 3
» Good data/MC 2 ool o - . =
o L[] MCStat. Em. ] S 1600 [ MCStat. Er. B
agreement % 1000:— —: % 1400 uXGBOOStn _f
o :_ 13 ” _: £ 1200 . . _E
ai o ‘default 1 9 ¢ retrained DiphoBDT:
> Agreements better Events in mass side-band =t DiphoBDT = E
C: MC pp + data-driven 7 E R E
than the data/pure MC of e ff ol o 2
= ".. ﬂ: 200 E
comparlson‘ g1.5;::|:::]llIIIII]III-;IIIIIIIIIIIIIIIIIIIZ LE)1.5:|.|||||||||||1||:||||||||||||||||||[|||:
W Gesmevi-ww 5 et e e Teee e T S il o M
;1800__DamSidebam"s E]QCID |:]‘+'I : 805,..1...1...1...1...1...1..11.1.1...1..'3 B ook el e s ol o o o o o ol s By ol o]
€. [ Diphoton preselection rHet B ~—1 -08 -06 -04 -02 0 02 04 06 08 1 057208 06 04 02 0 02 04 06 08 1
%1600_ —ggHx300  [IIl SM diphoton m Diphoton BDT score New Diphoton BDT score
oo Fig. 5 T W o te0fIS OMS Proimiray _ sestlaTev) o HSMSPeimEy. o S080 (0TeY
:_ Ig. 7 . 8 , E_,.i Data ..é 8 E ;?:la E
1200; CMS AN-19-259 (v17) | A looser cut with 9 6:5 ;Z;,a.mom 1 S POp oo E
1000 . c\) 14 :— MC Stat. Err. @ - —E ; -
£ for HIG-19-015 { Diphoton BDT >-0.9 g = = D_dﬁfag'l';T 1§ ™ “XGBoost”
- . . T 100/ | (0] 1 Y b . -
ol 5 to reject lots of bkg & ™5 = P : - retrained DiphoBDT
wi- Data/pure MC 1 events then redo the p of| -
200F - MC normalization CEL e oo e
AmemeeeEEEeEEEEee according to Ndata - & 1 e
Q 15:;“ e E g 1.5y T T T T T T T S c
R e SEED ISR BRI SRR e Ll
O osf - © = 3 S S I W N S I BN S B
OZE : : : & B LT 1 0 7 B - Y O oS dgds e s e 04 06 08 1
1 05 0 Dip?\gton WVA scor e1 Diphoton BDT score New Diphoton BDT score
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_ DiPhoton BDT retraining with data-driven QCD for HHyy with Run2 UL
Validations with Z—»ee UL17

¢ CMS Preliminary 415" (13TeV) ¢ CMS Preliminary 4151 (13TeV)
Ty) - 0 -
O. 35— § Z-eedata - Q' C § Z-eedata .
— Z-eaMC - - Z-eaMC
> GOOd data/MC 3 SZ_EMCSME"‘ % 2.5: —td
€ - c -
a reement 9 = @ ” (1>> 2_— 14 1
g w 2.5:— default o w ; XGBOOSt . J
£ DiphoBDT . Retrained DiphoBDT
1.5:— " E [
- = -
= b o - e
CMS 137 o1 (13 TeV) - h 05— s
o) 1 "~ T 1 " 1T 7 ] 05— i B
é [0 Z— e'e” simulation ] C "‘QI’I ~ ‘M
Jg 107 Simulation stat. & syst. unc. o b O_I PR U [T T |
g E_ - Data E 15_' T T T T l T T T T l T T T T l T T T T ]_ 1.5_] T T T T I T T T T I T T T T I T T T T |
m F - - Q — _ Q — _
Fig. 9 of CM$ AN-19-2 o “E ER = E
[(v17) for HIG-19-01 g = L SN S A=
10°F - ke = - o = -
- “transformed” ; 05 — ; - 1' T T
L BDT score New BDT score
105 . .
: Not yet include the systematics from photon ID MVA and
N photon energy resolution og/E
2'0- T T T T T T T T T T T T T T T T T T T
1] S SR R SO — S 3
1.0 E_'"."."0'"".g"‘""b"i"."OE"0"G‘""C"':i"t'o-'o-'.-i-;-"""“‘_é
05 Mo SR— S S — S— 3
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0.0 0.2 04 0.6 0.8 1.0
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R pipnoton BDT retraining with Run2 UL18
Validations of the inputs with UL18 Z—>ee events (cont.)

x10 C,MIS‘, Ff’lel”’,"’??l’},’ ,,,,,,,,,,,,,,,,, 59 ,8 f,t{ ]$13,‘T9Y x10°CMS Preliminary 59.8 fb' (13TeV
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G : Z—-eeMC i : o . : Z:zMaCa B :
» Good data/MC 8 s D Mosmen e 308 ufwsae I
o - ] o - -
~ | L | -~ L | |
[2] - - ) 12— - —]
agreement © 2 “default” - ] c o« »” .
£ ©  DiphoBDT BN 1 & o roBoost I E
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- - - 0.6[— - ]
- - - - .
05: -‘ ] 0.41— ’g. -
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2 107 :]flm;]:‘io:l:::l:htjs;stunc. i Lz) 1.5:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: QED 1.5:IIII|II||]||||||III]IIII|IIIIIIIII|IIII|IIII|IIII:
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4 PO i 2 2 SRR A A s o weste B 1[Fevevessssetsnenriraeioes T Maaa o
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N Hardware works
HGCAL gantry works:

» Vacuum system update:

® In order to satisfy the official requirement of multiple assemble task, and out of the consideration of the stability and reliability of the
vacuum system, we improve our vacuum system by:

0 Add more pipeline so that we can control more channel at the same time to meet the need of multiple assembling task

O Quantify the rate of vacuum by using vacuum detector and check pipeline vacuum one by one to make sure the vacuum system work
fine

O Package the whole vacuum system to a box to avoid of accidentally touch
» Glue system update
® Since the module patter have some update, we need to update our glue pattern too
® Add a new function to add a glue point in the module

® Check the new glue pattern and it works fine

o Y e 'n'.'.'lh'.;_
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Summary

» Resonant HH - WWyy:

® Transform object selection, event selection, gen selection to HiggsDNA
framework

® Have a preliminary limit result
» H — yy mass measurement with full Run2 dataset:

® Retrain diphoton BDT for UL17 & UL18 and presented in CMS Hgg working
meeting ( 07/07/2022 & 28/07/2022)

® Improve the significance by 5% & 8% for UL17 & UL18

> Hardware works:

® Update vacuum system

® Update glue system

Zhenxuan Zhang IHEP(Beijing)&CMS i 2022/9/2 24
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-]
Plans:

» Resonant HH - WWyy:

® follow the previous result to make a complete version and have a presentation in Higgs meeting

» H - yy mass measurement with full Run2 dataset:

® retrain diphoton BDT for UL2016 preVFP and postVFP, with the same strategy (data-driven QCD and
XGboost)

® focus more on the systematic part

» Hardware part:
® ready for the assemble works

® focus more on teaching new students

Zhenxuan Zhang IHEP(Beijing)&CMS i 2022/9/2 25
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_ DiPhoton BDT retraining with data-driven QCD for HHyy with Run2 UL
Data/MC comparisons of the 10 input features UL17Y 9
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_ DiPhoton BDT retraining with data-driven QCD for HHyy with Run2 UL
Data/MC comparisons of the 10 input features (UL17 cont.) &
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_ DiPhoton BDT retraining with data-driven QCD for HHyy with Run2 UL
Data/MC comparisons of the 10 input features UL18
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_ DiPhoton BDT retraining with data-driven QCD for HHyy with Run2 UL
Data/MC comparisons of the 10 input features (UL18 cont.) &
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_ DiPhoton BDT retraining with data-driven QCD for H—>yy with Run2 UL
Validations of the inputs with Z—»>ee UL17Y &
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Validations of the inputs with Z—»>ee UL17 (cont.)
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R pipnoton BDT retraining with data-driven QCD for H—yy with Run2 UL
Validations of the inputs with Z—>ee UL1S8
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R pipnoton BDT retraining with data-driven QCD for H—yy with Run2 UL
Validations of the inputs with Z—»>ee UL18 (cont.)
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