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Motivation

July 2019 CMS Preliminary .
T B e omsmemementasom — ¢ Current datasets allow detail

fi 8 TeV CMS measurement (L < 19.6 fb™

8 19 TeV OMS messurement (L= 197 ) studies of the production of:

[ = E Theory prediction

: . 4 4 Z CMS 95%CL limits at 7, 8 and 13 TeV ] — —
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fT g 14  Direct access to the EWK coupling
e . of the top quark to the Z boson.
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) % These processes are very sensitive

- | event/min’
. to new physics.

10_2 3

o

B B TR B R T TR L A T T T og T T W T T T CMS 35.9 b (13 TeV)
e Observed [ 1 Rare + tH

Bl ttH (W=1.23) [ ] Conversions

N [ttZ Misid. leptons
& I ttwW + ttww Uncertainty

I WZ + ZZ 3

All results at: http://cern.ch/go/pN;j7

Events
N

e ttW/Z are important backgrounds for tfH
measurements and BSM searches 30

IN 3
o
|III IIII|IIII|II e

* Results presented in this talk:
e CMS ttZ (78 fb"): arXiv:1907.11270 - T TITESLIMIIIIOI

* CMS ttW (36 fb-1): JHEP 08(2018)011 0.5

-0.5

Data - Expectation
Expectation
o
IIII|IIII!IIII|III

¢  Atlas ttW/Z (36 fb-"): Phys. Rev. D 99 (2019) 072009

Discriminant
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http://arxiv.org/abs/1907.11270
https://link.springer.com/article/10.1007/JHEP08(2018)011
https://link.aps.org/doi/10.1103/PhysRevD.99.072009
http://dx.doi.org/10.1007/JHEP08(2018)066

ttW and ttZ Signal Regions

Processes (2=e,u) Channel Signal Regions
it > ¢ +j | SS2¢ | 12(sign, flavor, No)
W — v - ) .
tt — dileptons| 3¢ 8 (sign, Nj, Nb)
1t — jets 0S2¢ 4 (Nj, Nb)
A= AA (T— €+ 30 8 (sign, N;, No)
tt — dileptons| g4 4 (flavor, Nij, No)

e Need good lepton (electron & muon) reconstruction and identification from soft pr>10 GeV

e Important background from nonprompt £ (fake leptons) originating from hadron decays, y
conversions or misidentified jets.

e (Construct MVA to increase efficiency of selecting prompt £ and reduce fakes.

e Use CRs enriched in multijet QCD events and apply the matrix method (tight-to-loose
likelihood) to estimate nonprompt £ in SRs.

o Fake rates & efficiencies parametrized as a function of £ pr and #.

e CMS compute probabilities using a corrected pt for the energy in the lepton isolation
cone.

Francisco Yumiceva 9/23/19



Nonprompt Lepton Background

pMS 35.9 fb™ (13 TeV)

5 [ eodamin 'ﬁ'z
o 200 MWZ " t(OX [ Rare WStarges-ID CMS
~ CMS| - Syst. uncertainty from differences in the closure
c 150 B test
5 : :
g SS2¢
: Atlas
2 ] * Nuisance parameters corresponding to shifts
50 E from stat. uncertainties of the fake efficiency
» measurements.
200 400 600 800 100C
H, [GeV]
. 9MS| Simu/al‘ionSlupplementaryI | arXiv:1711.?2547_ = ——T T T T — T T T
g 60‘ Tight-to-loose prediction ]| (E 140 :_ %Tfl?gTeV 36.1 fb o (D)alf:a ﬁV\)/( _:
— ] - - e ther Y+ n
- + MC observed . < 120 — eu-SS-1b-CR (pre-fit) Charge-fli@ake Leptons=h
- . ) - 2 - 7/ Uncertainty ]
ol CMS N 2 100 - % —
: Closure test| - o F 207 Fake leptons CRIE
I . | B ’ ’
20— n 60 /////W //y -
; . ; - 7422z P
° 40 _|
3 15E | | | E 20
S tpoeie Y
2 3 4 5 6 N 0 20 40 60 80 100 120

j ET° [GeV]
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Lepton Charge Misidentification (for ttW)

 Background from lepton charge misidentification is significant in the SS22 region
e For muons this is negligible

* For electrons could be up to < 2%

e The charge flip probability is estimated in an enriched Z — ee CR and parametrized
as a function of lepton pr and #.

CMS 35.9 fb" (13 TeV)
> — T T | T T _I | T _I T | T T T | T T T —] > 160 _| T | — | —TT | —TT | — T | — T | — T | —TT | —T M
[0 - ¢ Data @ttW | ttZ Nonprompt & UL Amas e Data W .
— . B — ,36.11b™ |
g 200~ @W t(t)X i Rare @ Charge mis-ID Q 140 [ 26-3;,?12\\/%3(;1@50 8:]her X 7
) ~ — arge-flips Jlll Fake Leptons
f - i 2 120 - 7/ 7/ Uncertainty B
2 i ] > F / .
E 150~ T H 100 L / ]
) B — L - |
|_|>J i | 80 - -
i SS2¢ 1 5 E
100~ - s0 |- E
] 40 -
] 20 |~ i s ; O Jn
N ¢ ® . 0 ;TV /L Ié.(././/l/?/./;/T ././/./I//’/.//. | .

Wi . 20 40 60 80 100 120 140 160 180 200

600 800 100C m, [GeV]

H; [GeV]
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Same-Sign Dilepton (SS2¢) ttW Atlas

e Data: 36.1 fb-1. Use single lepton triggers.
e MVA to suppress misidentified electron charge.
* Other backgrounds are from small SM processes

ATLAS

EXPERIMENT

I I I I I
ATLAS
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https://link.aps.org/doi/10.1103/PhysRevD.99.072009
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Bkg from dibosons
and single top+X

WZ estimated from
CR (a lepton pair
must be OSSF and

no b-tagged jets) ...

70 T | T T T T | T T T T | T T T T | T T T T

> [ ]
& [ ATLAS e Data . tiZ m
o - Vs=13TeV,36.1fb" mmWZ mZZ ]
N 60 — 3L-WZ-CR (pre-fit) mtz m twWZ —
; L pm Other Bl Fake Leptons |
e C ~/, Uncertainty ’
Q 50 = ]
L - _
40 —
- WZ CR .
30 —

.'.-.

10 =

0

50 100 150 200 250
Leading lepton P, [GeV]

9/23/19


https://link.aps.org/doi/10.1103/PhysRevD.99.072009

) Tetraleptons (ttZ)
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ATLAS ttW, ttZ Inclusive Cross Sections

ttZ  ttW
Uncertainty O1i7  Oww
Luminosity 2.9% 4.5%
Simulated sample statistics 2.0% 5.3%
Data-driven background statistics 2.5%
JES/JER 1.9% 4.1%
Flavor tagging 4.2%  3.7%
Other object-related 3.7%  2.5%
Data-driven background normalization 3.2%  3.9%
Modeling of backgrounds from simulation 2.6%
Background cross sections 2.3%  4.9%
Fake leptons and charge misID 1.8% 5.7%

ttZ modeling 0.7%
ttW modeling 0.3%

Total systematic 10%  16%
Statistical 8.4% 15%
Total 13%  22%

o, = 0.95 + 0.08(stat) = 0.10(syst) pb
o = 0.87 = 0.13(stat) + 0.14(syst) pb

tl‘Z 1w

Francisco Yumiceva

Use a profile likelihood fit

Fit configuration i T
Combined 1.08 £ 0.14 1.44 + 0.32
20-0OS 0.73 £ 0.28 -
30t 1.08 4+ 0.18 -
20-SS and 3¢ ttW — 1.41 + 0.33
40 1.21 £+ 0.29 -

Leading syst. are from ISR/FSR and
generator comparisons

o)
2
= 16
S
O
(D)
n
@ 14
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o
N
1.
1
13%
0.8
22%
06

oNO0 = 0.8810% pb MO0 =0.610% pb 139,

10

_ ATLAS
. Vs=13TeV, 36.1fb"
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.-
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______

* Best fit
— 68% CL

----- 95% CL

— NLO prediction
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https://link.aps.org/doi/10.1103/PhysRevD.99.072009

£ _
ttW from CMS N

e Data 35.9 fb-1 with single lepton triggers. t

A d
e BDT constructed with Niets, No, HT, pt™iss, ptt, M1, AR(Z,]
» Fake leptons estimated using the tight-to-loose method with a
corrected lepton prand parametrized in prand #.
* Charge misID and WZ also extracted with data driven methods.
e t(t)X=ttH, tgZ, tWZ, rare=multiboson
CMS 35.9 fb' (13 TeV) CMS 35.9 fb' (13 TeV)
[% | — I | | 0 300 T
S 400 ¢ Data WIttW [ ttZ Nonprompt c - ¢ Data ttW | ttZ Nonprompt -
Ij>j BWZ  t(t)X mRare Charge mis-ID Lc|'>j - WZ  t{®X mRare Charge mis-ID 1
o - Controlregion |  Signal region -

NS S
/ / / /S / /S //

300 ¢ = 200 -

7000
L/,

/////////////

200 | -
L& 100
e e 777
_ =g T+
h ' e 0 .
2 3 4 5 6 7 ~q 0.5 0 0.5- 1
Nj BDT Discriminator 06 D
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https://link.springer.com/article/10.1007/JHEP08(2018)011

60 |

ttW Results from CMS . S=dilil

Events

J

Source

¢ Data [@ttw

Y16 In7p 31 g

| | | | | | | | | | | | | | | | | |
ttZ [ Nonprompt Bwz t(t)X Rare [ Charge mis-ID

i
b/

Uncertainty from Impact on the measured
each source (%) ttW cross section (%)

3/.7b/' '3./57() A-:‘5’/'7b A-:’y;h,)e/ 3/.7b/~ '3/$7b A-3:’/'7b 53/;71)2/ 3/.7b/~ 3/57[) AC‘)j'/']b 531';7[)

Integrated luminosity
Jet energy scale and resolution
Trigger

B tagging

PU modeling

Lepton ID efficiency
Choice in ugr and up
PDF

Nonprompt background
WZ cross section

Z7 cross section

Charge misidentification
Rare SM background
t(t)X background

Stat. unc. in nonprompt background
Stat. unc. in rare SM backgrounds

Total systematic uncertainty

Francisco Yumiceva

2.5 4
2-5 3
24 4-5
1-5 2-5
1 1
o 2 oqw = 0.77F012(stat)" ) (syst) pb  23%
” 6w+ = 0.58 £ 0.09(stat) ") (syst) pb
1020 <! o = 0.19 = 0.07(stat) + 0.06(syst) pb
50 2
10-15 4 5NLO _ 0.08
5-50 ttW = 0. 6+O 07 pb
20-100 1
— 14
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https://link.springer.com/article/10.1007/JHEP08(2018)011

th fro m C M S arXiv:1907.11270

 Data 77.5 fb-1 (2016, 2017). * Backgrounds:

e Use trilepton and tetralepton channels. * tt)X, X=H,W,WZ,Zq,Hq,HW,VVtt are
taken from simulation.

* Improvements from previous analysis:

* More inclusive lepton triggers: combination * WZ(3?) CR with Np=0.

of single, dilepton, and trilepton triggers. e ZZ(4%) CR with reconstructed ZZ.

* Dedicated MVA for lepton selection: 15%

, , o * Fake leptons with CR with veto Z(3¢)
increase in prompt £ efficiency and fake £

efficiency reduced by 2-4 wrt old selection. e Rare = VVV, Xy events from simulation.
CMS 775107 (13 TeV) CMS 775" (13 TeV) CMS 775" (13 TeV)
> [T I I I | I I I I | I I I I _l I I I T ] » | _l | ] - | | | _ | -
& 8000 ¢ Data Wz ttZ — *GE) 100 e Data [Jzz ttz Nonprompt _ - ¢ Data Nonprompt ttZ .
& | 5 Nonprompt X mxy 13 tHX WXy WRare [ |Uncertainty 3 . [~ U)X EEWZ Xy
> - B ZZ Rare Uncertainty | 5 / . - M ZZ Rare Uncertainty |
t 6000~ — 5 10° = . ]
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http://arxiv.org/abs/1907.11270

CMS Inclusive ttZ Cross Section

arXiv:1907.11270
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http://arxiv.org/abs/1907.11270

arXiv:1907.11270

Systematic Uncertainties

Uncertainty Correlated between Impact on the ttZ

Source range (%) 2016 and 2017 cross section (%)
Integrated luminosity 2.5 X 2
PU modeling 1-2 v 1
Trigger 2 X 2
( Lepton ID efficiency 4.5-6 v 4 )
Jet energy scale 1-9 v 2
Jet energy resolution 0-1 v 1
btagging light flavor 04 X 1
btagging heavy flavor 1-4 X 2
Choice in ug and pur 14 v 1
PDF choice 1-2 v 1
Color reconnection 1.5 v <1
Parton shower 1-8 v 1
(_WZ cross section 10-20 v 3 )
WZ + heavy flavor 8 v 1
2.7 cross section 10 v 1
(_t(t)X background 10-15 v 3 )
X7 background 20 v 1
Nonprompt background 30 v <1
Rare SM background 50 v 2
Stat. unc. in nonprompt bkg. 5-50 X <1
Stat. unc. in rare SM bkg. 5-100 X <1
Total systematic uncertainty 6
?“Zi:ftlcal uncertainty g Precision
Measurement at 8%
Lepton requirement Measured cross section Th. NLO at 12%
3¢ 0.97 £ 0.06 (stat) + 0.06 (syst)pb | Th. NLO+NNLL at 9%
4/ 0.91 + 0.14 (stat) + 0.08 (syst) pb arXiv:1812.08622
Total 0.95 =+ 0.05 (stat) £ 0.06 (syst) pb ;;fZLO 0.88+0 (1)? pb
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http://arxiv.org/abs/1907.11270
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arXiv:1907.11270

ttZ Differential Cross Section

e Calculated wrt leptonic observables that have very good resolution.

e The detector response matrix is mostly diagonal. Unfolding done without regularization.

e Measurement done in an enriched signal sample 3£, Nj=1, Np=>1.

e Limited by statistics (4 bins). (normalized in backup)

CMS 775 1™ (13 TeV) CMS 77.5 b1 (13 TeV)

;‘ I L L L L s ] E B e e

$ of tDaa 5 ooof :

o | L aMC@NLO | D { {

— I - NLO+NNLL | S {

le 5 e arXiv:1812.08622 | S 2007 { ¢

g : e
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© e 1 i ¢ Data ]
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p7(Z) [GeV] cos 6
Angle of leptons in rest frame of the
Joscha Knolle’s YSF talk Z boson/dilepton system
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Anomalous Couplings and EFT Interpretation

e Use ttZ events for a model independent BSM search using two approaches:

o Modified coupling coefficients (CiZ):
SM _ - y z i0""q, Z _
2Ly = eu(p) [y"(Cly + €Ty + 7 Gy + G| v(D)Z,
Vector & Axial-vector Magnetic & Electric _,  ,
Couplings Dipole Moments

1 1
Lo =Ly +— YO, +— Y 0,
* and using the EFT approach: = M )/ZY A2 ; S

o Four Wilson coefficients (c,,, ct[é]

are relevant for ttZ.

s Copro cqjq) out of 15 within the dim6top EFT model

e Found that the best observables are the p,(Z) and cos 6* distributions.

Wl-BSM

Weights w(p(Z), cos 6*) =

are computed to map the large BSM phase

S
Wi

space.
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CMS-TOP-18-009

Anomalous Coupling Results

Axial Vector Couplings EW Dipole Moments
CMS 7757 (13 TeV) CMS 775" (13 TeV)
Anomalous ---95% CL 4 SM Anomalous ---95% CL 4 SM
coupling model @ —68% CL ¢ best fit g coupling model —68% CL ¢ best fit g
CMS 19.5 fb™ (8 TeV) 68% CL < L - B B
< LI L [ AL I S A L L N i ]
= . . 0.2 — 118
© 18 2 116
16 0 12 1
14 A= 014
12 [ 12
10 o 10
8 [ B8
6 ~0.1- =6
4 [ 14
2 ~0.2F -4 42
oo e b e e e ey u
0 -0.2 -0.1 0) 0.1 0.2 0
C, v Cz,v

Best fit is ~20 from SM

q= log-likelihood ratio with respect to the best-fit value (diamond)
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EFT Interpretation

Induce Anomalous NC interactions

CMS

775" (13 TeV)

SMEFT

---95% CL <4 SM
—68% CL ¢ best fit

L
-10

0 10 20 30
C.q /A [1/TeV?]

Best fit is ~20 from SM
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arXiv:1907.11270

Induce EW Dipole Moments

q= log-likelihood ratio with respect to the best-fit value (diamond)

19

CMS 77507 (13 TeV)
SMEFT ---95% CL 4 SM
—68% CL ¢ best fit qg
S 2 N L I
T ]
= e
N: . =14
~. T 12
=N -
O 0OF =10
: =8
: =6
i - |
] 14
i 172
L, ) L S TR BRI TIN R
25 ~1 0 1 2 0
2 2
C, /A”[1/TeV7]
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EWK data

arXiv:1201.6670
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Summary EFT Results

CMS
T | | | L
== . C,IA®
—i CMS 77.5 fb™' (95% CL) Lo —
—— CMS 35.9 fb™' (95% CL) o *
—— ATLAS 36.1 fb™' (95% CL)
SMEFiT (95% CL) (1]
TopFitter (95% CL) — C, /A°
k-----1 Indirect (68% CL)
SM
2
Ccpt /A
| --------
— C /A
. ¢Q
bommmmmmm- -l
. . | | L
~20 -10 0 10
20

arXiv:1907.11270
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CMS,/ !

& Summary

e Atlas results

o HW- oy = 0.87 = 0.13(stat) = 0.14(syst) pb
o {tZ: o, = 0.95 = 0.08(stat) + 0.10(syst) pb

e CMS results

oty Oaw = 0.77% 8:}§(stat)f8:£(syst) pb

o tt7: o, = 0.95 £ 0.05(stat) = 0.06(syst) pb

e Ongoing work to analyze the full Run2 data and expand the differential cross
sections.

e Experimental precision challenging the current theory predictions.
e Sensitive ttZ observables allow us to probe a large BSM phase space.

e References:
e CMS ttZ (78 fb-1): arXiv:1907.11270
e CMS ttW (36 fb-1): JHEP 08(2018)011
e Atlas ttW/Z (36 fb-1): Phys. Rev. D 99 (2019) 072009
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Backup Slides
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AS

EXPERIMENT

 Data: 36.1 fb-1. Use single lepton triggers.

* MVA to distinguish prompt £ from nonprompt £ originating from

hadron decays, y conversions or jets misidentified.

 MVA to suppress misidentified electron charge (SS channel).

* Control regions to characterize backgrounds:

e Charge-flip CR: remove charge requirement.

* Fake leptons CR: matrix method (tight-to-loose likelihood)

e Several orthogonal samples produced by inverting lepton

charge or flavor, and Njets
e Signal regions separated by Njets, Nb-jets, lepton charge and
flavor.
Processes (£=e,u) Channel Signal Regions
it —> ¢+ | SS20 | 12 (sign, flavor, Np)
W— ‘v - ) .
tt — dileptons| 3£ 8 (sign, Nj, Np)
1T — jets 0S20 4 (Nj, Np)
Z-1tt tt—->¢C+j | 3¢ 8 (sign, Nj, Nb)
tt — dileptons| 4p 4 (flavor, Nj, Np)

Francisco Yumiceva
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Events / 20 GeV

Events / 20 GeV
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ttW and ttZ from Atlas

PRD 99 (2019) 072009

[T I
- AT’-AS e Data {tw -
L Vs=13TeV,36.11b" Other y+X B
- 2e-55-1b-VR (pre-fit) Charge-flips lll Fake Leptons
. 7// 77 Uncertainty i
— % -
— , ///+/// oy
B ///W CE L //’////// ol 7
~ P T ) [T T I | ?/l i
20 40 60 80 100 120 140 160 180 200
m, [GeV]
T T | T T T | T T T | T T T T T T | T T T ]
[ ATLAS e Data ftw —]
- Vs=13TeV, 36.1 1" Other y+X :
- en-SS-1b-CR (pre-fit) Charge-flips lll Fake Leptons_]
B 72 Uncertainty |
- /%V// Fake leptons CRiE
- ///)// 7 ////2
W L7 ]

20 40 60 80

100 120
ET° [GeV]
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Atlas

Variable 20-7-6j1b  20-7-5j2b 20-7-6j2b
Leptons = 2, same flavor and opposite sign
Myy ’mgg — mz‘ < 10 GeV
pr (leading lepton) >30 GeV
pr (subleading lepton) >15GeV
Np-tags 1 > 2 > 2
Niets > 6 5 > 6
Requirement 20-SS(p,m)-1b  2e-SS(p,m)-2b  ep-SS(p,m)-2b  2u-SS(p,m)-2b
Mptags =1 > 2 > 2 > 2
ET™ > 40 GeV > 40 GeV > 40 GeV > 20 GeV
Hy > 240 GeV
pr (leading lepton) > 27 GeV
pr (subleading lepton) > 27 GeV
Miets > 4 >4 >4 > 9
Z veto |mge — myz| > 10GeV in the 2e and 2u regions
Region Z leptons Pr4 D134 im g, —my| B Np-tags
40-DF-1b et T - > 35 GeV - - 1
40-DF-2b et > 10 GeV = = = > 2
40-SF-1b  eFeT, ,ui,zﬁ - > 25 GeV > 10Gev > 40 GeV 1
< 10 GeV > 80 GeV
40-SF-2b  eTeT, ,ui,uqc > 10 GeV - > 10Gev ) > 2
< 10 GeV > 40 GeV
Variable 30-7-1b4j  30-7-2b3j  3¢-7-2b4]j 30-noZ-2b4j
Leading lepton pr > 27 GeV
Other leptons pr > 20 GeV
Sum of lepton charges +1
Z requirement (OSSF pair) imype — my| < 10 GeV Imygy — my| > 10 GeV
Miers > 4 3 >4 >4
nb—tags 1 > 2 > 2 > 2
24
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do/dcos 67 [fb]

Pred. / Data

1/0 do/dcos 67

Pred. / Data
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£

Opposite-Sign Dilepton (0S2¢, ttZ)

EXPERIMENT
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