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Mass term: ~125 GeV \ /

(measured at the LHC) Y
Higgs vacuum expectation value: v~ 246 GeV There are vertices with 3 and 4 Higgs bosons
(known from Fermi constant)
e
Therefore in the SM we expect multi-Higgs production 8 74666660t . H\
at tree-level with already known couplings 901G o
-——-«
H s
Lo 2yl
N 0660000 H/
8 GGU0eIY——>—¢——————- H

However, still very small cross section:
A/b Y o(HH) =34 fb (c.f. o(gg-H)~50 pb)
due to negative interference with box diagram

8 66666060 e H

HH- bbyy: JHEP 11 (2018) 040

Direction of
largest BR

e High BR from H->bb
e Clean signature from yy
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+ vy background decomposition studies

4+ Reweighting technique to reduce statistical fluctuation in
the di-photon background MC

4+ Samples: skimmed mc1ea/d/e di-photon Sherpa MC MxAOD

4 Full Run 2 simulation studies
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Object Reconstruction and.Event Selection

Object Reconstruction
Photon Objects

Loose identification criteria

pT > 25 GeV

pT/myy > 0.35 and 0.25, respectively for
leading and subleading y

Overlap removal (electrons and jets AR < 0.4)
Jet Objects

Jets are reconstructed using the anti-kt
algorithm with radius parameter o.4

Y| < 4.4
pT > 25 GeV

Jets with n| < 2.5 and pT < 120 GeV originating
from pile-up collisions are suppressed by JVT

B-jets

MV2c10, AntiKt4aEMTopoJets, FixedCutBEff_ss,
FixedCutBEff_70

Adele D’Onofrio

Event Selection

Trigger Selection:

diphoton trigger with pT

thresholds of 35 GeV and 25 GeV
Jet cleaning
N_j>2
N_j central >= 2 (In| < 2.5)
N lep=o0
N_btag7o<3
2 tight and isolated photons
myy € (105, 160) GeV
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Sideband Method

@ H-—vyy signal region: two Tight (T) identified
and isolated () photon candidates
@ Dominant SM background processes:
YY, Y-jet, and jet-jet
@ Data-driven background decomposition
using the 2x2D sideband method:
¢ 16 regions (15 background control
region and 1 signhal region)
¢ each region categorised based on
photon ID and isolation _
¢ required inputs from simulation: Photon Isolated Photon Non-isolated
photon efficiencies
¢ solve the 16 equations corresponding
to the TT region to extrapolate rates
of the different bkg event processes in
the background control regions into
the signal region

Adele D’Onofrio 5 15-08-2019
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. Data driven technique to
estimate vy,yj,jj contribution
« Shape given by MC distribution
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Sighal Region Categories

Inclusive Region

Common Selection Ncen jets < 6, Niep =0, N’TO%b—tags < 3

Cut based selection for the non resonant analysis

Common Selection Ncen jets <6, Niep =0, Ngsogp_tags = 25 Nyo%b—tags < 35 Mpp € [90,140] GeV

Category Further Selections

b-tag tight, M, > 350 GeV M7 > 350 GeV, N70%b—tags = 2 AR(vy,v) < 2.0, AR(b,b) < 2.0, AR(bb,v,v) < 3.4
b-tag loose, M > 350 GeV M7 > 350 GeV, AR(vy,v) < 2.0, AR(b,b) < 2.0, AR(bb,~,v) < 3.4
b-tag tight, M, < 350 GeV M < 350 GeV, Nrqo =2

b—tags
b-tag loose, M < 350 GeV M7 < 350 GeV

M; = Mbg,),,y — Mbl_) — Mfw + 2500 GeV

Reference for this categorisation can be found here: /ink

Signal Region: Combination of MV2@85 && MV2@70
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https://indico.cern.ch/event/782462/contributions/3257984/attachments/1774245/2884198/h024_jets.pdf

Comparing Tagging Efficiencies

S -~ ATLAS Vs=13TeV, 80.5 fb™ N
TR
g i MV2, e, =85% single-cut OP i
o i 1 Given the above Object reconstruction and Event Selection
£ 0.9 == — .. . :
S h ﬁ% i Efficiency definition: Numerator/Denominator
S . . i
B sl - Denominator is: the number of jet that pass
< i ‘ : the b-truth matching and in the central
- —— Data (stat. unc.) . .
0 7__+_ Data (total unc.) N region ] ]
.t —_{TMC ] Numerator is: the number of jets that pass
— — - MV2 selection on top of the denominator
30 40 10 2x10
Jet P, [GeV]
- 1r
e
50‘955_ Updated truth parton definition to the
(O] — - - - -
o 0.9 # into account gluon splitting in bottom
S5 +#$ quark pairs
T F + https://twiki.cern.ch/twiki/bin/view/
0-8E + AtlasProtected/BTagCalib2017
0_75}# The b-tagging efficiency at low pT has
0 75 HadronConeExclPartonID improved of a factor ~5%
' ; There is still a ~13% difference wrt the
0.65( performance group
I T T O N S T T A T TR N Y SO SR SO S AT S S N
0675, 100 150 200 250 300

Leading Jet pT (GeV)
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https://cds.cern.ch/record/2655511/files/ATL-COM-PHYS-2019-056.pdf?
https://twiki.cern.ch/twiki/bin/view/AtlasProtected/BTagCalib2017
https://twiki.cern.ch/twiki/bin/view/AtlasProtected/BTagCalib2017

y results.

~ Local tagging efficien
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= 25
CDI File from July 2019
/cvmfs/atlas.cern.ch/repo/sw/database/ 5
GroupData/xAODBTaggingEfficiency/
13TeV/2017-21-13TeV-MC16- 15
CDI-2019-07-30_V1.root
Pythia 8 sample 1

ttbar events (object reconstruction and
event selection in the back-up)
MV2c1o, AntiKt4EMTopo]ets,
FixedCutBEff 85

2.5 2.
ol o eff .o.osz = 25
| Entries 34000
E Mean x 109.6
ol Meany 1.146 2
- RMS x 125.6] —10.05
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0.5
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http://atlas.cern.ch/repo/sw/database/GroupData/xAODBTaggingEfficiency/13TeV/2017-21-13TeV-MC16-CDI-2018-10-19_v1.root
http://atlas.cern.ch/repo/sw/database/GroupData/xAODBTaggingEfficiency/13TeV/2017-21-13TeV-MC16-CDI-2018-10-19_v1.root
http://atlas.cern.ch/repo/sw/database/GroupData/xAODBTaggingEfficiency/13TeV/2017-21-13TeV-MC16-CDI-2018-10-19_v1.root
http://atlas.cern.ch/repo/sw/database/GroupData/xAODBTaggingEfficiency/13TeV/2017-21-13TeV-MC16-CDI-2018-10-19_v1.root
http://atlas.cern.ch/repo/sw/database/GroupData/xAODBTaggingEfficiency/13TeV/2017-21-13TeV-MC16-CDI-2018-10-19_v1.root

July 2019: MC/MC Pythia8 / Sherpa MV2c10@85% EMTopolets

[ ]
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] 1.015 0
. o
600
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s 25
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e}
«©

These SFs can justify up to a ~2.5% difference

(Thanks Marko and the flavtag-btagging algorithms mailing list)
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https://twiki.cern.ch/twiki/bin/view/AtlasProtected/BTaggingBenchmarksRelease21#MV2c10_tagger

r‘;l,_

Check orf;the vertex v&arlables

..{«w G: 7 ‘:

Further cut on the events when the hardest vertex does not correspond to the selected vertex
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Conclusions on tagging efficiencies

Our tagging efficiency is lower wrt the performance group result
light jets efficiency: in agreement
c-jets efficiency: compatible
b-jets efficiency: 13% difference at low jet pT
these differences appear in all n bins
the subheading jet tagging efficiencies have a better agreement
We updated the jet truth matching according to the recommendations
The MC/MC scale factors (Pythias/Sherpa) are not enough to justify the difference
We checked the MV2 BDT output distribution and the cuts
The vertex related variables cut is important at low pT

2 1
2 =
S
C 0.9:_ .*_H_ .' ; H H H H * H H : : H H : H H H
S e ¢
£ 085 4 $
> 0.7 Subleading jet
9, 65_ Leading jet
Our best result g 0'5§
| think we have quite 0'4§ .
good agreement 0'334;!4“*' YT G TTT T
0.12_. | | ' | - o - = = = - = = = = H
i s i AP S PR
50 100 150 200 250
jet pT (GeV)
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Leading jet

light-jets %

c-jets %

b-jets %

tau %
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Inclusive region

N
o
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™. Reweight
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Reweighting done with the new efficiency definition
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i 4-, = o o " o=

ey

MV2c10@85% WP

Inclusive region

s I - + Application with>=2 central jets
1= MC samples ] _ _ _ _
= — _CR . 4+ Signal Region: events with 2 Btagss jets
—_ Reweight E 4+ Control Region: events with >=2 central jets
SR E 4+ 2-D reweighting on the pT of the 2 central
*ﬂr*ﬂ : leading jets
+w‘t’fii% —; + Assuming third/fourth jets will not pass the
“%@ . Btagging
**;lzﬁ*Jr .
e Stat  MC Yield Smuein
)
'&; SR 74551 2242.5 28738.6
S| 5505400 2121.1 136965
CR 5505400 162668 2026610

4+ Statical amount is enlarged by ~70 times for Btagss=2
4+ Effective statistics Reweight/SR ~ 5
4+ Effective statistics CR/Reweight ~ 15
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Conclusions

2x2D sideband Method to estimate the vy, y-jet, jet-y and jet-jet components

We did many checks on the tagging efficiency while comparing with the

performance group, where the largest difference comes from the vertex

We also checked the n-dependence, Sherpa-Pythias difference and those

differences are small

The reweighted shapes are well modeled not only on mjj and myyjj, but also

on the dR variables, which may be helpful in the categorization optimization

We estimated the effective statistics in the inclusive sample and in the 4 SR

categories
There is a gain using the reweighted technique wrt the SR (a factor of 4)

But we have too few truth b-jet which driven the statistic in the re-

weighted shape
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4+ In the reweighted case, the statical amount is enlarged by ~76 wrt SR
4 Effective statistics Reweight/SR ~ 5
4+ Effective statistics CR/Reweight ~ 15
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4+ In the reweighted case, the statical amount is enlarged by ~390 wrt SR
4+ Effective statistics Reweight/SR ~ 3.5
4+ Effective statistics CR/Reweight ~ 100

Adele D’Onofrio 29 22-08-2019



Entries

Sl
e

llllllIIIIIIIlIIIIlIIIIlIIIIII

—_

o

IIIIIIIII;LI

-
g

I T T T T I T T T T

3

nilii

I 1 1 1 1 I 1 1 1 | | | | | I‘-l-l I-*#

T T T T I T T T T I T T T T I T T T

MC samples
—— CR

—— Reweight
—— SR

RATIOS

- SN wWRO O

©Coo0o
O N ® ©

N IIIIIlIII|IIIIIIIII|IIII|IIIIIIIII|IIII

400

450

Adele D’Onofrio

30

PEORION

A= i': "“:';;355';";-:]}‘11.;._

.*,'.illl|Illl|lllllllll|llll|Illlllllllllll|l

m,,{GeV]

22-08-2019



B - 0 e L e L B B B =
9 — -+ _| q:, 3_— T —]
= 1.4]- MC samples i - E - i MC samples .
- - —CR {** Il ] 2.5 T —— CR -
1.2— — Reweight *4& 1 — - % . -
-~ — SR T+ L) 1 - oF | —— Reweight E
1= T 1+T1T 1 - - - — SR Z
0.8 Tl LT - 1.5 T —
0.6 T LT - £ : B
0.4 | T** — g *: -
: " I #‘li% i % 0.5 ﬁ =
P . =iy - . 4 a
C T g - *i*;ﬁ#* lg l ]

n_l | Ml bty b v b v b b by by 0_ — l_l_l : I.l_l : |-I_l ! I_I_l ! l_' =T - RO, e -
(7p) 14: LA B B LI S B B BT S LB B SR N B LU SLENLES U B (dp)] 1 4; T T T 1T « TT" 3
O 13E R R s O 13 b 1. E
= 1_22_ Ll e |<—: 1 22_ . Pttt _z
é 1.1E EAS o 1 1;_ Ttk A4 =
07;_ ________________________ S 07;_ A ) B 00 IO I 0 O —z
0. = 0. = hes T T =

P l .nl- . N | 1 L. N 1 T TN A e B A T e PP M I L N § I L NS 1) S 1 ‘T‘I =
20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
pT [GeV] pT[GeV]

Adele D’Onofrio 31 22-08-2019



(2] I I I 7
2 -
c MC samples —
Tl L —— CR -
—— Reweight .
Ut —sR -
= T] P .
0.6 1 T;ET KTk | L+ — MC Yield (sum weight)A2/
B il }L***% .1 _ 1€ (sum weightA2)
0.4 __ ---T ++ -- 1 -*- *“%‘i
: il ;
ozl + it
. ST ']L ST A A S R
2 I AT 1 Reweight
l&? B o L y _g
(el I 1730.6 = 20639.3

130 140 150 160
m,{GeV]

4+ In the reweighted case, the statical amount is enlarged by ~62 wrt SR
4+ Effective statistics Reweight/SR ~ 3.8
4+ Effective statistics CR/Reweight ~ 17
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Why is the reweighed distribution not smooth?

0-7 1_2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

III|II1|III|III|III
MC samples

—CR
—— CR, truth B
— Reweight

Entries
Entries

MC samples
—— CR

—— CR, truth B
—— Reweight
—— SR

0.6

0.5

(72]
0

0.8

0.4
0.6

0.3

o
»

0.2

o
\S)

0.1

e i
| ——I%'li'-illlllllII|IIII|IIII|IIIIIIIII:

)
)
)
)
)
)
)
) —
)
) —
)
)
)
)
)
)
)
)
)
)
)
)

1 P

1.
1.
1
1

RATIOS
RATIOS
~ LN BRo

i b e i R R - . 'X‘* i wd IR

- =2 N WpO
T
e
5

0.9 ] RARRA MR AR AR B A5 A L O
0.8 9 PSR U 0 A OO O O O 8 O 8 8 o T 8 S OO € 3 D2 < w3 O
[y S S — L% I 0 O O O OO 0 O O A 3 OO = 500 0 OO0 0 O O O OO U I O SO 5 OO N U O N I S SO oo
o.—...l..l..m-l’."' [ 1 . A . l.ll..l A B ITll*ITIII

60 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
pT [GeV] pT[GeV]

o
©

o
o'

IlII|III||II|I|II|I||III|IIII|IIII|IIII
i
3

o
N

o

Because the b-jets distribution itself is not smooth
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4+ In the reweighted case, the statical amount is enlarged by ~226 wrt SR
4+ Effective statistics Reweight/SR ~ 3
4+ Effective statistics CR/Reweight ~ 78
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