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Introduction

OTOPQ-2016-14
(submitted to PLB)
036.1 fb°
OSignificance obs(exp):
42 (54) 0
Op =0.75
+ 0.21] (stat.)
+ 0.17 (syst.)
+ 0.05 (th.)
0o (tZq) = 600
+ |70 (stat.)
140 (syst.) fb

=+ |

8 CMS-PAS-TOP-16-020

m35.9 fb
B Significance obs(exp):
3.7 (3.1)o
By =131
+0.35-0.33 (stat.)
+0.31-0.25 (syst.)

mo(tllg) = 123
+33-31| (stat.)

+29-23 (syst.)

> Trying to make a comparison between the two analyses.
> Where does the difference between the cross sections come from!?
> |s there any significant difference in the analysis strategy!?

> Disclaimer: not a lot of public plots to compare the two.
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https://cds.cern.ch/record/2284830/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-14/

Signal samples & theory cross section

OSignal MC: LO rescaled to NLO. ®Signal MC: NLO.

|
h
I

O Theory cross section: - BTheory cross section:
OZ boson is forced to be on shell,

BZ boson can be off shell/y* is also

Ono cuts are applied, | included,
O 4-flavour scheme. | Bm; > 30 GeV,

B 5-flavour scheme (4FS for MC
00y o(tZq) = 800 fb generation).

d+6/7% scale
Boyoftllg) =94 fb

W12% scale
®+2.5% PDF

=Y

Y -

? Tau leptonic decays included.
2 Different scale choice between ATLAS and CMS. f

» Theory paper https://arxiv.org/abs/1302.3856 -
? O\ o(tZq) ~ 820 fb. J .
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https://arxiv.org/abs/1302.3856

Signal samples & theory cross section

FS Scale Cuts x-sec (fb) notes
tllq 5 n= %Z\/Ez — p? - %4 CMS default
1 4vs 5 FS
— _ 2 __ M2 VS
tiq 4 M= 9 Z\/E Pz i 76 20% effect
1
tllq 5 [ = 52\/E2 —p2  mi>80GeV 89
1 effect of missing contributions from
tZ('_>”)q 5 K= 52\/E2 o pg B 86 ﬁ:off-sl’::eII/Y>‘< aid extr:diagrar];s
tZq 4 | u= 4\/ m% + p?p b - 800 ATLAS default
1
— 2 _ 2 scale
tZq 4 p=3 S\ E? — p? - 690 15% effect
1
_ 2 M2 4vs 5 FS
th 5 K= 9 Z\/E Pz B 860 20% effect

> Need to converge on a common setup.
> Include or not Y* contribution — current thinking is to include it

> If including Y*, need to fix an m(ll) requirement — 30 GeV seems reasonable from the
experimental side

> Whether to use 4FS or 5FS — current thinking is 5FS (expected to be more precise for
inclusive XS)

> Which scale to use — theory guidance appreciated
Lidia Dell’Asta 4 03.11.2017



Event selection

| W O Trigger
| Osingle lepton triggers

OLeptons
Oexactly three

Op,(lep) > 28/25/15 GeV
0> | OSSF pair
O|m, - m,| < 10 GeV

OJets
Oexactly two
Op+(jet) > 30 GeV

a1 b-tagged (77% WP, 1% mistag)

Om{(W) > 20 GeV

B Trigger
BOR of 1/2/3 lepton triggers

Hleptons

Wexactly three
Bp. (lep) > 25 GeV

®> | OSSF pair
B|m, - m,| < 15 GeV

Hjets
Btwo or three
Hp (jet) > 30 GeV

B| b-tagged (83% WP, 10% mistag)

Lidia Dell’Asta
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Event selection

OTrigger | B Trigger
Osingle lepton triggers BOR of 1/2/3 lepton triggers
Oleptons . BLeptons

Oexactly three
Op,(lep) > 28/25/15 GeV

0> | OSSF pair
O|m, - m,| < 10 GeV

Wexactly three
Bp. (lep) > 25 GeV

®> | OSSF pair
B|m, - m,| <15 GeV

OJets
Oexactly two - Bets
Op-(jet) > 30 GeV Btwo or three
01 b-tagged (77% WP, 1% mistag) Hpr(jet) > 30 GeV

B| b-tagged (83% WP, 10% mistag)

Om{(W) > 20 GeV

> TRIGGER & LEPTON p+

> For ATLAS the 28 GeV cut on the Ist lepton pt is driven by the trigger
threshold. Not a killer though.The |st lepton is quite hard.

> Keeping the 3rd lepton pt lower increases the Z+jet contamination, giving a
better handle on this bkg when training the NN.

Lidia Dell’Asta 6 03.11.2017




Event selection

- OTrigger
| Osingle lepton triggers

OLeptons
Oexactly three
Op,(lep) > 28/25/15 GeV

0> | OSSF pair
O|m, - m,| < 10 GeV

OJets
Oexactly two
Op+(jet) > 30 GeV

a1 b-tagged (77% WP, 1% mistag)

Om{(W) > 20 GeV

B Trigger
BOR of 1/2/3 lepton triggers

Hleptons
Wexactly three
Bp. (lep) > 25 GeV
®> | OSSF pair
B|m, - m,| <15 GeV

Hjets
Btwo or three
Bp.(jet) > 30 GeV
B| b-tagged (83% WP, 10% mistag)

> m

> Keeping the m; window cut wider increases the tt contribution.
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Event selection

O Trigger
Osingle lepton triggers

OLeptons
Oexactly three
Op,(lep) > 28/25/15 GeV

0> | OSSF pair
O|m, - m,| < 10 GeV

OJets
Oexactly two
Op+(jet) > 30 GeV

a1 b-tagged (77% WP, 1% mistag)

Om{(W) > 20 GeV

B Trigger
BOR of 1/2/3 lepton triggers

|| @Leptons

Wexactly three
Bp. (lep) > 25 GeV

®> | OSSF pair
Bm,-m,| <15 GeV

Hjets
Btwo or three
Bp.(jet) > 30 GeV
B| b-tagged (83% WP, 10% mistag)

g I"‘jets

> Connected with LO vs NLO signal MC (LO does not take into account

Lidia Dell’Asta

arge fraction of signal in the 3 jets bin)
> Having 3 jets might create ambiguity in defining the forward jet.
> Likely increases tt fake contribution.
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Background estimation

Ott and Z+jets non-prompt
lepton backgrounds estimated
separately.

Ott: data/MC SF from OSOF
region
Oshape from MC.

O /Z+jets: Fake Factor method
Oe/y treated separately
Obinned in pt of W lepton
OFF:TTT/LTT in region with

mt(W) <20 GeV
Oapplied to LTT data.
OUncertainty:

030/40% normalisation.

BAII“NPL” (non-prompt leptons)
sources estimated together.

B“templates” from data with LTT
leptons.

BMe/y treated separately.
B2 step normalisation” |
Bfit m1(W) in the Objet CR and
get first normalisation factors

for all channels.

BNPL e and p yields: two free
parameters independent of
each other in the fit.

®Uncertainty:

Bshape uncertainty based on
changing isolation
requirements.

Lidia Dell’Asta
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Background estimation

2 Signal = tZq = tZq
» Fakes — tt+tW + Z+jets = NPL

» Diboson — Diboson = ZZ + WZ+c/b/light
?top = ttVHttH+HtWZ = tWLZ + ttH + ttW + ttZ

Channel Number of events
Real data CMS
tZq - ?gi i 32.3%5.0 ATLAS CMS
ATLAS ?:J;ts i } 913+ 12| Signal | 26 8% | 32 9%
Diboson 48 + 12 186.4 + | 1.5 Fakes 51 35% 91 26%
ttV+ttH+tWZ 19+ 3 348 + 2.5 Diboson 48 33% 186 54%
Total 1434+ 11 top 19 13% 35 10%
Process eee eep uue UUU All channels %
tZq 50+£1.5 | 6.6+1.9 8.5+2.5 12.34+3.6 32.3£5.0 —
ttZ 3.7+£0.7 | 4.74+09 6.1+1.2 8.0+1.5 224422 0.91+0.2
CMS ttW 0.3+0.1 | 0.3£0.1 0.7+0.2 0.6+0.2 1.9+0.3 1.0+0.2
Z7 48+1.3 | 3.24+09 9.0+£2.5 7.84+2.2 24.7+3.6 1.3+0.3
post-fit values WZ+b 3.0£09 | 3441.1 4.6+14 5.5+1.7 16.61+2.6 1.04+0.2
WZ+c 9.0+24 | 13.7£3.7 | 18.0+4.9 24.24+6.5 64.8+9.3 1.04+0.2
WZ +light 12.24+1.6 | 16.6+2.0 | 22.4+2.8 29.1+3.4 80.3+5.1 0.7+0.1
ttH 0.6+£0.2 | 0.9+0.3 1.04+0.3 1.54+0.4 4.0+0.6 1.0+0.2
tWZ 1.0+£0.3 | 1.3+04 1.7£+0.5 2.41+0.7 6.5+1.0 1.0+0.2
NPL: electrons || 19.2+3.1 | 0.6£0.1 17.9+2.8 — 37.7+4.2 —
NPL: muons — 7.2+2.3 31.1+9.9 15.3+4.9 53.6+11.3 —
Total 58.8+4.8 | 58.44+5.5 | 1209+12.4 | 106.6+10.1 || 344.8+17.6
Data 56 58 104 125 343
Lidia Dell’Asta 10 03.11.2017
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Background estimation i ws g
2 {s=13TeV, 36.1 fb" tZq
€ B T+t
= Z+jets
Diboson

o tTV+TH+tWZ

30 %7, Uncenrtainty

20

ptZq =tlq

ptt+tW + = NPL

p = +

pttV + ttH + tWZ = +ttH + ttW + ttZ
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Multivariate analysis

ONN
| O Training with signal and all backgrounds
(tt excluded, fakes included)
O 10 variables
OList in the paper
OMost discriminating: N(jet;,,warq) anNd

EBDT

¥ Training with signal and all backgrounds
(excluding fakes because of lack of stat.)

®Two BDTs for the |bj and 2bj SRs.

¥ Various variables used for training.

®Including MEM (Matrix Element
Method) as input variables.

je : . :
Pr(i€tiorvard) ® | 0% significance improvement.
120 L L L D L CMS Simulation Pre/iminary 35.9 fb_1 (1 3 TeV)
: CMS Prell'minary ’ Data - &) 06__l rTyrrrrrrrrrrrrprr ot T |__
100 1biet @ tZq - f:,’ - === = Signal i
I e B NPL - = ~ 1bjet m—Signal (+MEM ’
0O Wz ' Ie! 050 gnal ( ) B
(\! 80 i - ftHL W ] = . - = = Sum backgrounds ]
O B Y. R4 - O - = Sum backgrounds (+MEM) -
—~ O 2z - c 04 -
g 60 B WZ«c | 7] - . :
D 0 WZ+b @ N ]
> [ WZ+light g 03 .
I 40 — b — -
ook Tk ok 5 . : 1
I Z - ’
- 0.1_— ]
(_[) 2 .................................................. B —
5 O O 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 I_
Q. _2f-; " TR S A -1 -0.8 -06 -04 -02 0 02 04 06 08 1
—1 -0.5 0 0.5 1 BDT
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Signal Regions, Fitting and Systematics

OFitting Onn in SR (all
channels summed
together).

B Fitting 12 regions
simultaneously.

“deee, eey, €Uy, HUM.

#BDT in Ibjet (signal
region).

@BDT in 2bjet (to
control ttZ).

2mT(W) in Objet (to
control WZ+jets).

2 Not enough information about systematic uncertainties.

Lidia Dell’Asta
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Conclusions
> Comparison of tZq results from ATLAS and CMS.

> MC signal samples @LO for ATLAS and @NLO for CMS.

> Theory cross section calculations compatible but with several
differences (tZq vs tllg, 4 vs 5 FS, scale choice).

> Need to converge to a common approach.

» Some different approaches for the event selection (e.g. lepton pr cuts,
number of jets, b-tagging WP) and background estimation.

> Visible effect on the background composition in the SR.

> Multivariate analysis (NN for ATLAS and BDT for CMS).
> Main difference coming from the use of fakes in training.

2 Different way of fitting NN/BDT output distributions.
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Signal samples & Theory Cross Section

tlig cr

oss section aMC@NLO

III]|llll|llll|IIII|IIII|IIII|IIII|IIIIIIIIIIIIII

tliq,

4FS, NNPDF30, P8, 0=7.6e-02",. (scale) ; (PDF)

tliq,

5FS, NNPDF30, P8, 6=9.4e-02",. (scale) ; “(PDF)

tiiq,

tiiq,

tiiq,

5FS, CT14 , P8, 6=8.8e-027;;(scale)’?,(PDF)
5FS, abm11, P8, 6=9.1e-02,'/(scale)’; (PDF)
5FS, abm12, P8, 6=8.9-02; j(scale)’; /(PDF)

tiiq,

tZq,

m, > 80 GeV, 5FS, NNPDF, P8, 0=8.9e-027;(scale)"" (PDF)

Z->ll, 5FS, NNPDF, P8, 6=8.6e-02"7/(scale)’]|(PDF)

- scale unc.

.PDFunc.
T T T I T I AT AN AT AT I
0 001 002 003 004 005 006 007 008 009 0.1
cross section (pb)
Lidia Dell’Asta

? Major difference with ATLAS :
» Z decay BR — factor of 10,

\> 2 5FS vs 4FS —20% difference,
2 tZq vs tllg (contributions from off-
V' shell/y* and extra diagrams) = 10%
difference,
> scale dependence (next slide).

2 tZq generation (not tllq) with the CMS

param. card gives a cross section very
similar to ATLAS.

Checks by CMS
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Signal samples & Theory Cross Section

> Changing the scale choice.

u d

t

800 fb 690 b

Final results and run summary:

Process pp >t b~ Z j $$ W+ W— [QCD] ; pp >t~ b Z j $$ W+ W- [QCD]
Run at p-p collider (6500.0 + 6500.0 GeV)

Total cross section: 6.878e-01 +- 4.0e-03 pb

Scale variation (computed from histogram information):
Dynamical_scale_choice -1 (envelope of 9 values):
6.888e-01 pb +7.5% -7.7%
PDF variation (computed from histogram information):
NNPDF30_nlo_as_0118_nf_4 (101 members; using replicas method):
6.888e-01 pb +0.9% -0.9%

» Changing the scale choice + 5 FS. 860 fb

Summary:

Process pp >t Z j $$ W+ W- [QCD] ; pp > t~ Z j $% W+ W- [QCD]
Run at p-p collider (6500.0 + 6500.0 GeV)

Total cross—-section: 8.573e-01 +- 4.8e-03 pb

Ren. and fac. scale uncertainty: +2.1% -1.5%

PDF uncertainty: +1.3% -1.3%

Number of events generated: 10000

Parton shower to be used: PYTHIAS8

Fraction of negative weights: 0.32

1
A ,u:4.\/m%+P%’b ,uzi.Z\/EQ—

P2

Z

Total running time : 21m 24s Checks b)/ ATLAS
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Multivariate analysis - ATLAS

Events/ 0.4

Data/Pred.

Events / 50 GeV

Data/Pred.
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Multivariate analysis - ATLAS

90 90 L L L L e s

L I B L B
e Data e Data

Lo = S = % = =

o — - — -

O goE- ATLAS i = S 8of- ATLAS s 3
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\T 60 = Diboson 3 12 60 = Diboson 3

50 - B (V+TH+tWZ S 50 B VA IHWZ 3

— i - > — i -

40 ;_ Uncertainty _; T 40 ;_ , ' Uncertainty _;

30E- = 30 ke —

20 = 20 =

— -_- = — -
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Multivariate analysis - ATLAS

> 180F= ™ LN L L B AL B L L o) 6OF  ~ ~ 1~~~ T T T T T —
G 160 ATLAS 1 : E?c;a = S - ATLAS 1 : ?zac;a .
S 140E Vs =13 TeV, 36.1 b’ | W = 5 50 Vs=13TeV,36.1fb B W =
— - Signal Region Z+jets - [= ~  Signal Region Z+jets -
o 120 Diboson ] o 40— Diboson —
S 100 B (TVHTHAtWZ 3 LI = W (FVATHatWZ
Lﬁ 80 s + Uncertainty 3 30— Uncertainty — —
60: —; 20— + =
= E 1o E
20 ' ¢ = £ -
0 47 fffffffff Lt S e T 0 g;igu;ggq;ggg;ggz -
3 15E ¢ i B 1sE ! * 3
Dt 15_ .......... B s s e U + .......... = DL_ 1§_¢ ........................... ¢¢ ........................................................................ + ................. _E
S 05E o . 5 S 05E ¢ ¢ ¢ ¢ E
T 0 50 100 150 200 250 300 350 400 0 05 1 15 2 25
- p2)[GeV] 2 (")
Variable Definition
n()]| Absolute value of untagged jet n
pr(j) Untagged jet pp
My Reconstructed top-quark mass
P (KW) prt of the lepton from the W-boson decay
AR(j, Z) AR between the untagged jet and the Z boson
my(¢, Ex ")  Transverse mass of W boson
pr(t) Reconstructed top-quark pr
pr(b) Tagged jet pr
pr(2) pr of the reconstructed Z boson
n(e™))| Absolute value of 1 of the lepton coming from the W-boson decay
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Multivariate analysis - ATLAS
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Multivariate analysis - CMS

35.9 fb' (13 TeV)
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Signal and control regions - ATLAS

Common selections

Exactly 3 leptons with |n| < 2.5 and pp > 15 GeV
pr(ly) > 28 GeV, pp(ly) > 25 GeV, pr(f3) > 15 GeV
prjet) > 30 GeV
mrt(Ly,v) > 20 GeV

SR Diboson VR / CR tt VR tt CR
> 1 OSSF pair > 1 OSSF pair > 1 OSSF pair > 1 OSDF pair
|m££ — mz| < 10 GeV |mgg - mz| < 10 GeV |mgg — mz| > 10 GeV No OSSF pair
2 jets, |n| < 4.5 1 jet, |n| < 4.5 2 jets, |n| < 4.5 2 jets, |n| < 4.5
1 b-jet, |n| < 2.5 — 1 b-jet, |n| < 2.5 1 b-jet, |n| < 2.5

— VR/CR: my Ly, v) > 20/60 GeV _— -
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Uncertainties - ATLAS

Source

Uncertainty [%]

tZ q radiation
Jets

b-tagging

MC statistics
Luminosity

Leptons
tZq PDF

Errrniss

+10.8
+4.6
+2.9
+2.8
+2.1
+2.1
+1.2

+0.3

Lidia Dell’Asta

Pre-fit impact on B iona

Post-fit impact on MSIQnaI

tZq radiation

Diboson normalisation
tZq theory

Jet energy resolution

tt normalisation

JES flavour composition
Luminosity

b-tagging scale factor
Muon identification

E™° resolution soft term

T

24

(6 - 6,)/A6
2 0

ATLAS
\E_1sTev 36.1 fb
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