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Overview of ttH Analysis at ATLAS

HTop Analysis
168 people
(authors of the current analysis)

ttH (H—bb)

tti—(leptontjets, dilepton)
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18 institutions
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Outline

ICHEP Results Review

Status of Analysis in Multi-lepton Channel

Summary and To-do




ICHEP Review

=8

o(pp — H+X) [pb],
S

—e

10”"

1072

U I rrri L 7T LU I UL | TTT | LI ! rrri | Tt | ]
3 M(H)= 125 GeV
- E T x2.37
[ oo il i
3 x2.43
C E NLO EW) .
A b | x3.9
3 ) E
; L1l | L1l |: L1l | L1l I L1l | L1l | L I'Tl;lrll |2|I | L1l E

[=p}

7 8 9 10 11 12 13 _14 15

run |

35 9

evidence — 3 1

wn

Significance [0]

o
v -

(=]

(s [TeV]

LHC HIGGS XS WG 2016

Expected ICHEP 2016 dataset

>
-

5 10
Luminosity [fb-]

20

ttH Cross Section
8 TeV: 0.13
13 TeV: 0.5085

-~ - ttH ATLAS+CMS Comb Run-1

= =~ ttH ATLAS Comb Run-1
=o==tfH(bb) dilepton
«~=tfH(bb) |+jets

tfH multilepton
«@=tfH (diphoton)

wwtfH combination




ICHEP Review

13.3 fbof pp collision data at vs =13 TeV

Data vs Predicted postfit events in the different channels Best fit values of the ttH signal strength
£ oof - | 4 Data -I?Hl(p=2.5) e o N M e T
& ‘;T“SP’Q"""”W Caw B 27 ATLAS Preliminary {s=13 TeV, 13.2-13.3 fb™

[ {s=13TeV,13.21b" ‘
F poct.ri (B Diboson (I Non-prompt —total  ~—stat. (tot.) (stat.,syst.)
Il QMisReco [ other fH(H=7Y) iis 45 sos
70 7/ Total Uncertainty ] (13 Tev 13'3'317) -0.3 -1.0 (320,02 )
60 s 1
ttH(H—>WW/tZZ) 125 0 (555 )
50F ] (13Tev13.2fb™)

ol : {iH(H->bb) e 21 00 (55,37 )
(13Tev132fb?)
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z Pt +0.7 +04 +06
ttH ::&nT\gllr)\anon e - 1.8 o2 i )
ttH combination e - 1.7 fg': . % )

(7-8Tev,45203f07) ., . . | . T TN T o R i AT

Channel Significance
Observed [o] | Expected [o7]
ttH, H — yy -0.2 0.9
ttH, H - (WW,r1,ZZ) 22 1.0
ttH, H — bb 2.4 12
ttH combination 2.8 1.8

0 2 4 6 8 10
best fit u__ for m,=125 GeV

The best fit value of the ttH signal strength is 1.8 + 0.7

Observed significance: 2.8 sigma (1.8 expected from SM).
95% CL upper limit on ttH signal strength: 3.1 (1.4 expected
from bkg. only)




ICHEP Review

significance

Uncertainty Source Au

Non-prompt leptons and charge misreconstruction +0.56 —0.64
Jet-vertex association, pileup modeling +0.48 -0.36
ttW modeling ) +0.29 -0.31
ttH modeling +0.31 -0.15
Jet energy scale and resolution +0.22 -0.18
ttZ modeling +0.19 -0.19

Comparison with Projection from Runl

ttHbb dil 0.6 (-30%)
ttHbb |+j 1.4 1.1 (-30%)
ttHML 1.5 1.0 (-50%)
ttHyy 1.3 0.9 (-50%)

ttHComb 2.7 1.8 (-50%)

obs (exp) [0] H
ATLAS run | 2.33 (1.53) 1.7+ 0.8
ATLAS run 2 2.8 (1.8) 1.8 £ 0.7
CMS run | 3.4 (1.2) 2.8%0%
ATLAS+CMS run | | 4.4 (2.0) 2.3707

Evidence(3c) with 2015+2016 data set will not
be easy

Significant improvements in all analysis and all
channels is necessary




Multilepton Overview
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Numberof T

Number of light ¢

Higgs boson decay mode Axe
Category (WW?*\ 77 ZZ* Other (x1071)
200Thad % | 1% 3% 3% 14
201 Thad 46% 2% 1% 2.2
3¢ 4% | 20% 4% 2% 9.2
40 2% ) 18% 9% 2% 0.88

Objections towards EPS

=

New trigger strategy (single OR dilepton)
2. Overlap removal:
based on the Run-1 procedure

3. Jets and bjets:
1. Passjetclean criteria
2. pT>25GeV;|n|l<2.5
3. removejets with |JVT| <0.59
4. |nl<2.4,andpT< 60 GeV
5. MV2c10_70

4. QMisID MVA is used to reduce the charge
flip

5. New loose and tight lepton definition
based on a MVA method

Run-2 ICHEP16

B QMisReco [ ]Other
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New lepton ID

Loose Tight

e u e u

Isolation - - PromptLeptonIso < —0.5 | PromptLeptonIso < —0.5
AND IsoLoose (*) AND IsoLoose (*)

ID working point Loose Loose Tight Loose
Charge misID BDT - - > 0.0670415 -
\do|/ 04, <5 <3 <5 <3
| Az sin 6| <0.5mm | <0.5mm < 0.5 mm < 0.5 mm

Remove isolation
requirementat loose level
To increase the statistics for
the Matrix method

» Improvement with new tight lepton for instance

Move to new LepID MVA cut from:
Eleetrons FixCutTichton!
Muon:FixCutTichtTrackonl

Event Lepton selection N B S/B | S/VB | S/ \/ B+ o3 1t
p;n‘z > 20 GeV | FixedCutTight(TrackOnly) isolation | 19.8 | 80.4 | 0.25 | 2.21 1.84 14.8
PromptLeptonIso < —0.50 169 | 629 | 0.27 | 2.13 2.06 52
p;n‘z > 15 GeV | FixedCutTight(TrackOnly) isolation | 23.1 | 104.0 | 0.22 | 2.26 1.46 30.0
PromptLeptonIso < —0.50 199 | 747 | 0.27 | 2.30 2.11 9.4

suppress the main ttbar background efficiently

New tight LeplD( BDT with b-tagging info. from the track jet that contains the lepton track and isolation )

=




Strategy towards EPS

e Event MVA in: 2l, 3, 4l

* New channels like; 210S1tau, 112tau will also employ the MVA

 Fakes estimation:

— 2l: Matrix Method, extended fake factor,
— 3I: Matrix Method, extended fake factor, MC template

— 4]: Fake factor

Matrix Method
Rely on regions to measure the real and fake rate

Fake factor
Rely on this region to measure the fake factor

MC template fit
Rely on regions to extract norm. factor

Topological fit method
Weak correlation to this region since using MVA to
select fake enriched region

* Fit shapes in relaxed SR categories in high stat. channels, add CRs to fit to have

a handle on backgrounds




Fakes estimation
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Fake Estimation in 2|

Matrix Method:

Measure the efficiency in data for real/fake leptons to
pass “Tight” selection in dedicated CRs, and obtain the
total number of fakes in SR from “Anti-Tight (T)”
sidebands via a matrix

1

- —T —T
ATLAS Internal

. 0.9 {5=13 TeV, 36470, 2;1'-_ o ArE—— (MC, truth)
e 0.8 N ~——@—— real ¢ (Data w/o bkg. subtraction)
*=EF e real ¢ (Data w/ bkg. subtraction)
h ol o —— :::::::: E::I’a!::'tuh:* subtraction)
prom Ft £+ 0.6 ——gp— fake rate (Data w/ bkg?.subtractlon)
0.5
Major sources of “fake™ lepton backgrounds in 2055 0.4 Electron
and 3£: o3
0.2 n
0.1 N é
u2 + + e E
Matrix Method MOde"'“g 09; S
e 0.9 = e
45E ]‘th 36!.1 " l ?Eﬂl‘g’gm'&(sl"‘“f 0,88 Fm g A ettt et _;
401 s =13 TeV . Stat. Une. = o.;;s e
35i AEFLASWcrk In Progress z - 20 30 40 10° 2x10° 10° %‘[ég:mn P gaV]
30E : E
256 e ee SR, tf—i Fakes elec.-elec. muon-muon elec.-muon
205 ' 3 central value  |76.2 185.8 247.3
15E = stat. eror 14 6.0 5.4
o] | syst. error 14.7 - 78.7
56 e E ttbar-PP8 pred. [69.1 +/- 6.8 (76.36) 106.7 +/- 8.4 (106.96) |179.5+/-10.3 (200.57)
e ——— — DD /MC ratio  [1.10 1.74 1.38
| S -~ /%/////;:V/////
S N . . . .
0 o A Fake estimatesin SR-like region
4 5 6 7 3 9

Jet multiplicity



Fake Estimation in 3l

Events
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Assumptionon lep0 : with very low possibility to be the fake and checked by MC

If so, a simplified matrix method can be used in 3l as well
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ATLAS Work in Process . SrLton prompLter?

. SR_Prompt_Lepd

104.00 (94.5 %)
SA_Prompt_Lep0

6.00 (5.5 %)

SR_Mon_Prompt_Lep0

MM(ttbar) 1.52+/-0.09 1.7+4/-0.56 3.06+/-0.15

Expected(ttbar) 1.33+/-0.40 1.62+/-0.14 2.83+/-0.65

Shape Modelling is good with MC

Full sets of systematics is ongoing

Fakes in 3l is also checked and predicted is fine

12



Multivariate Analysis
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* Two proposals:

- BDTG (ttH-vs-ttZ, ttH-
vs-\VV)

- Categorisation based

on event variables

* BDTG (ttH-vs-tt); tt contributing
-~ with 1 fake tau
¢ Cut&count based on BDTG cut?

* Two proposals:
- BDTG (ttH-vs-tt)
- Categorisation based
on event variables

¢ CutRcount

* BDTG (ttH-vs-tt);
tt contributing
with 2 fake taus

¢ Cut&count
based on BDTG
cut?

Numberof T

Number of light ¢

* Two main proposals using event variables: * Several proposals which can be summarised as:

- BDTG (tiH-vs-ttV, ttH-vs-tf) - BDTG (ttH-vs-ttV, ttH-vs-tt)
- Multinominal classification - Multinominal classification

* Additionally, event reconstruction * Additionally, event reconstruction discriminants
discriminants (ttH-vs-tf) can enter as input to (ttH-vs-ttZ/ttX) can enter as input to the above

the above methods: methods:

14



MVA Study in 2ISS

Finally fit the BDT shape

Selection: Relaxed SR : SLT| | DLT, pT(lep) as low
as the trigger threshold, 3 < nJets < 8, nBlets >=1,
new lepton tight definition

MVA trained versus two main backgrounds: £ gsTTITTTTITITTIIITI SRR RARRRAR T SARLARES
5 ATLAS Work in Process ttH [uw ]

b ttH VS ttV = ttW + ttz w 300_ s =13 TeV, 36.1 i’ Dﬂ?_ .Dibﬂggn ]
I = Iy -

e neglecting all other smaller backgrounds such 2501 Pre-Fit -
as dibosons 200L- E

Variables : 9 kinematic variablesrather good
modeling seen for all variables, also with data
0.5

driven fakes 1 08 06 04 02 0 02 04 06 08 1
BDTGScore

Data / Pred.

2 given BDTs (ttH-ttbar and ttH-ttV), different configurations were tested
All fit the shape of a discriminantusing 6 bins with auto-binning(also 4 and 8 were tested)

15



Multivariate Analysis with BDT in 3|

Aiming at separating the ttV and ttbar from the ttH signal

v BDTG is trained for ttV and ttbar with sets of kinematicvariables under a looser ICHEP
SR region (looser jets requirement, w/o z veto, lower pt(15GeV for SS))

v" Scan BDT score in 2D for all backgrounds to get the best sensitivity and do the shape
fittingin future

Significance Scanning in 2D
x: ttH vs ttbar, y: ttH vs ttV . Expected results with 36.5 fb!

S | | | o s

Cut Based 16.3+0.3 12.26+1.4 46.3+0.6 88.44+4 1.85+0.51

BDT1 {ttH vs t1V)

Best with 23.3%5.4 13.1+3.62 50.3%7.3 104+24.2 2.50%+0.61

BDT Cut*
*BDTG_Best: the best significance with BDT with new tight lepton

- T T R PR T S T L
-1 -0.5 0 05

1
BDT2 (itH vs )

* Abetter performance with BDT compared to cut based
* Re-optimize inputvariablesand consider fakes with data driven method

 BDT shape fit with sets of systematics error

16




Summary and To-dos

Generally, new changes after ICHEP bring the improvements to all channels, but are still
under testing

New tight lepton gives the good ttbar suppression
— Expected to have better performance in MVA or MM(ongoing)
— lepton MVA calibration (ongoing )

Data-vs-MC comparisons in various bkg. control regions

Matrix method
— Check fake composition on 2l and 31 channels (extra systematics for 31)

MVA is used in almost all channels
— Show the promising results
— Need more testing on the method, input variables
— Full sets of systematics errors

17



Conclusions

v" New changes bring the improvements to 3|

v' Multivariate analysis is employed after ICHEP

v Preliminary studies show promising improvement

v" A lot of things targeting at the significance improvements are going to
be tested and will be implemented soon

18
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EPS Schedule

April 2017 May 2017 iln- 2017

s 1 M1 _I T 1 ATLAS circulation for long paper I
s 2 T 2

M 3 14 W 3 HTop Unblinding approval | & 3

I __4 ] ] ) T 4 HTop approval s 4
Baseline discussion F s M 5 CERNholiday 23
T 6 s 6 T 6

F 7 =1 rJ w7

S5 a8 M B 19 T a8

S5 9 T = F 9

M 10 15 W 10 HTop approval s 10

T _1 @ INT note ready of Higgs s 11
Baseline decision circulation long M 12 24
T 13 s 13 T 13

F 14 Good Friday

s open presentation with

5 Emter weekﬂnd F papgr mF' CONF conversion
M 17 Easter Monday 16 w 5

T 18 18| Higgs approval long paper | S

w 19|  Status reports 19 M 25

r Z0 Z0 T

F 21 21 W

5 22 F 21| T

s 23 Z3 F

M 24 17 24| Higes plenary is holiday 5

25 CERN holiday s

HTop Unblinding approval 26 26
T 27 27 note to sign off

F 28 : W 28 allows one week to

s 29 M 29 Spring bank holiday 22 T 29 finalise

5 30 T 30 F 30

W31




Overlap Removal

ICHEP-2016 overlap removal Run 1 overlap removal
Keep | Remove Cone size (A R) or track ' Keep Remove Cone size (A R)
electron tau 0.2 electron | electron (low pr) 0.1
mwon_ | tay 0.2 | | muon electron 0.1
electron | CaloTagged muon shared track clectron jet 0.3
_aon. *"’;‘:’“ ““;dz“”" et muon Run-1: 0.04 4 10[GeV}/pr (muon)
et | electron 0.4 modified Run-1: min(0.4, 0.04 + 10[GeV)/pr (muon))
muon jet (0.2 or ghost-matched to muon) and (numJetTrk <2) electron tau 0.2
jet muon 0.4 muon lau 0.2
tau | jet 0.2 ' tau jet 0.3
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CPPM- BDT Sample and Selection

* Signal : ttH(Pythia8)
 Background:
— 1) ttV (ttW, tt2)
— 2) ttbar(410009-dilepton ttbar, pythia6) and 410503(pythia8) is also used for testing

Selection( ICHEP basic but with some changes ):
Loosing some selections based on the cut based 3| SR to increase the statistics

No changes:

1)  Event cleaning
2) Charge, number of lepton
3) TightID on Lepl and Lep2

Changes:
1) Pt: 10GeV, 15GeV, 15GeV

2)  Trigger: single-lepton || di-lepton

3) jets>1 and bjets >0 to let more statistics in

4)  Loose requirement on impact parameter

5) No Z veto on invariant mass of mll

6) Tight isolation or (Ele and muon: PromptLeptonlso_TagWeight < -0.5) on lep1 and lep2



CPPM- BDT

BDTG is trained: Selection( ICHEP basic but with some changes)
ttH vs ttbar Loosing some selections based on the cut based 31 SR to increase the statistics:

Lower pt, S| | D trigger, looser jets(2-1), looseimpact parameter, noZ veto on
ttH vs ttVv . . . . . .
invariant mass of mll, new tight isolation on lepton is tested.

.. » 'E 22 E- é‘;igljn‘al‘(llaslt ‘sa‘rnlpl‘e)‘ T lSighél flr;aiﬁilllg‘ slar\|1p|I95 o ‘—t o] 4 fighal (test sampla) || 1= Signal (trainind sample] |
Samples are Spl It Into Odd E 2 @ Background {test sample) * Background (training “mple)_: E % :::( Irf;untdg(tes':t"s)am le) - ::ck ir'i:tbum:l (tiininplsim le) ;
. 2 CKolmogorov-Smirnov test: signal (background) probability = 0 (0.206 E 3.5 9 - P 9 L 9 ’ —
and even two pa rts durl ng E 1.8 _* = . test: signal (background) probability = 0.001 (0.342) g
. o . T e = 3
the training and testing 4 vs E
stage 12 ) B

1

0.8
0.6
0.4
0.2

TR T TT I TTI[ITT[ITT TTT]TI7T

U/O-tiow (S,B): (0.0, 0.0)% / (0.0, 0.0)%
U/O-flow (S,B): (0.0, 0.0)% 1 (0.0, 0.0)%

0= 08 06 04 0.2 0 0.2 0.4 0.6 0.8 0—0.6 04 0.2 0 0.2 0.4 0.6 0.8
BDTG response BDTG response
ttH vs ttV ttH vs ttbar
s 5 of
§ o & 0sf
£ £
50'35 Cut based bench E‘O‘BE Cut based benchm
3 07 =
"F (0.43,0.85) 807 (0.43,0.92)
06— ’ 06
0-52— os%—
o4 — ICHEP Tight 04i —— ICHEP Tight
030 E
,,c — ProLeplso Tight %" ProLeplso Tight
E 0.2
LR | =SS N T N R NS N S | Eo bbb b bt b booaa oo
0 01 02 03 04 05 06 07 08 09 0

5 . 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1 24
Signal eff Signal eff



