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* Production via EWK interaction

—> smaller cross sections, large backgrounds
* Precise determination of |Vtb|, constrain PDFs, FCNC
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Top-Z coupling,
complementary to ttZ
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A rare process with interesting properties!

q - - q
q
o
“.'
b - \{\_\\ ¢
z b >
Top-Z coupling, Sensitive to WW?Z vertex
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q - - q
a > 4 >
“.'
b - \{\_\ ¢
VA b > b -
Top-Z coupling, Sensitive to WW?Z vertex No on-shell Z

complementary to ttZ
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Top-Z coupling,
complementary to ttZ

Sensitive to WW/Z verti

* Unique sensitivity to some EFT operators

due to Wh—>tZ vertex
* FCNC
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- -
a > d >
W
b > \{\_\ £
Z b > b -
Top-Z coupling, Sensitive to WW?Z vertex No on-shell Z

complementary to ttZ

fully hadronic

Lv+jets
« BR(tZqg — bIvI*17q) ~ 3%, but b+ jets
experimentally easier v+ vv
2/+jets

* Nonetheless challenging large SM bkg. 3!
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Pulls

CMS result with 2016 data
Phys. Lett. B 779 (2018) 358
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* Dedicated lepton selection using MVA for this analysis

* Crucial for reducing backgrounds from nonprompt leptons

* Input variables: jets closest to lepton, impact parameters, isolation, lepton py, n,
+usual identification variables
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\\

. Event selection & strategy

- > * 3 leptons eee,eell,elll, LU
e pp(£)>10,15,25 GeV

W « Z candidate |m,,—m, |<15 GeV

* At least two jets with py >25(60) GeV

CMS Experiment at the LHC, CERN
Data recorded: 2017-Oct-16 05:01:09.248576 GMT
= | Run/Event/LS: 305112/ 1683658016 / 979
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Event selection & strategy
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* 3 leptons eee,eell,elll, LU
e pp(£)>10,15,25 GeV

e Z candidate | m,, —m, [<15 GeV

* At least two jets with py >25(60) GeV
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Most sensitive kinematic variables:
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Data/Pred.

Most sensitive kinematic variables:
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Main background: ttZ with some contribution from ttX and WZ
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 Mainly from ¢ and DY:

-» Typically two prompt lepton + nonprompt
-» Use events with at least 1 /7 fails “tight” selection but
passes the “loose” selection 2 “Tight-to-Loose” (TL)

-» Need to evaluate TL probability (f)

V nonprompt

D. Dobur 22



 Mainly from ¢ and DY:

-» Typically two prompt lepton + nonprompt
-» Use events with at least 1 /7 fails “tight” selection but
passes the “loose” selection 2 “Tight-to-Loose” (TL)

-» Need to evaluate TL probability (f)

V nonprompt
Measure in QCD di-jet events Apply in the signal region

Tag: b-Jet

‘ol

_ N(tight)

/= N (loose)

Probe: Muon

ID or Iso

-» Problem: fis dependent on mother parton p;

- p;of the closest jet as a proxy bf(PTﬂ?) -
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* 30% systematic uncertainty + stat uncertainty in the control region

D. Dobur

24



Events / 60 GeV

Data/Pred.

5
1
S5F
oF

3/, with a Z candidate, N TR O,E;fi” > 50 GeV

CMS Preliminary 77.4 b7 (13 TeV)
T T T T I T T I T

¢ Data I tZq
Cwz [ ] Multiboson _|
| [ tAX 3
/= xy? o ZZH ]
[ ] Nonprompte/u 3 Total unc. b

WZ enriched

3 [Stat.unc. [ ]Totalunc. _ +

. é"".".--.--.--.-‘."’-é-é"i“é-i-i-i-i-}"}"-"%
0 500 1000 '
I\/Ijet+jet (GeV)

* Good agreement for both normalization & shape of BDT input variables
* 10% normalization uncertainty & 8% for extrapolating to N,..>0

CMS Preliminary 77417 (13 TeV)
0 T T T
QA 800~ & Data I tZg —
o - 1WZ [ ] Multiboson -
~ Ltz [ tAX i
2 | mx© [ ZZH ]
GC, 600 [ Nonprompt e/u 3 Total unc.
O L W2Z enriched |
400
200
0
'd I:lStat. unc. |:|Tota'l unc. 3
o 1.5F E
nh_ 1Ei--.-‘-.—-.—-.—-'--.--.--.-'--.-.-‘-‘-.-.---.--.--.é
~ E
s 0.5fF E
T O
o

)

-

0 1 2
Asymmetry (IW)

D. Dobur

25



Events / 60 GeV
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3/, with a Z candidate, N TR O,E;fi” > 50 GeV
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* Good agreement for both normalization & shape of BDT input variables
* 10% normalization uncertainty & 8% for extrapolating to N,..>0

* Other small backgrounds ( ttW, ttH, tWZ, multiboson taken from simulation with

theoretical and experimental uncertainties
D. Dobur
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Events /0.13

Data/Pred.

1001—

50

CMS Pre//m/nary

77.4 0" (13 TeV)
T | T T T T | T T T LI

§ Data [ tZq
T Wz ] Multiboson
. ttz [ tAX i
= Xy© = ZZH
[ ] Nonprompte/u 3 Total unc.

2-3 jets, 1 b-tagged |

0
1 55_ I:IStat unc.” [_]Total unc.
[ TS T S i LR
o5t it _
0—1 -0.5 0 0.5 1
BDT output

Events /0.13

Data/Pred.

CMS Prellmlnary

77401 (13 TeV)

—
o
o

§ Data

| Wz

m ttZ

L xy?

1 Nonprompt e/n

>4 jets, 1 b-tagged |

[ tZq

[ Multiboson
[ ttAX

& ZZH

23 Total unc.

E |:| Stat.unc.. ] Total unc.
1.5¢
L } 41 ;
st SR
o5

205 0

0.5 1
BDT output

Events /0.13

Data/Pred.

(| th
74 [ ] Multiboson
80 B ttZz [ ttaX
L xy” I ZZH

60—

CMS Prellmlnary 774 fb (13 TeV)

T T I T T
L @ Data

[ ] Nonprompte/u B3 Total unc.

>2b jets ]

OOOOOOOOO

E '|:|Stat. unc. D;ot? unc. _
T E
Pttt LI
24 05 0 05 1
BDT output

* Binned maximume-likelihood fit to all three distributions & WZ and ZZ control

regions

* Nuisance parameters for normalization and shape uncertainties

* Good agreement between prediction and observed data

D. Dobur
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tZq results (2)

p=1.367 (stat) * 15(sys) 2016 data

p=1.03""(stat) " (sys) 2017 data

‘LL — 1-18+0.14 (Stat) +0.11 (Sys)

-0.13 -0.10

observed(expected) significance 8.2(7.7)c

Asymptotic CLs approach

First observation of tZqg process !
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tZq results (2)

p=1.367 (stat) * 15(sys) 2016 data

p=1.03""(stat) " (sys) 2017 data

‘L[ — 1-18+0.14 (Stat) +0.11 (Sys)

-0.13 -0.10

observed(expected) significance 8.2(7.7)o

Asymptotic CLs approach

First observation of tZqg process !

NLO SM prediction

Measured cross section Phys. Lett. B 779 (2018) 358
o(tZg—>tl"("q)=111x13(stat)’, ' (syst) fb 94.2+3.1fb

15% precision
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tZq results (3)

Measured cross section

o(tZqg—tl 0~ q)=111+13(stat) " (syst) fb

-9
15% precision

Source impact (%)

Nonprompt bkg. 4.1 * Several improvements in the analysis
Lepton selection 3.2 paid off

Jet Energy Scale 2016(2017) | 0.9(3.1) e In particular nonprompt lepton
Parton Shower Mod. 2 background reduction

QCD Scale choice (tZq) 2 o Still statistical uncertainties dominate
Pile Up 1.9

QCD Scale choice (ttZ) 1.4
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Events

Data/Pred.

0
15 E_ ‘[JStat.unc.” [ Total unc. _
| e S b
0.5F 3
0 eee eepl e i

Lepton flavors

Data/Pred.

CcMs Preliminary 774 flb'1 (13 TeV) CMS Preiiminary 77.4 16" (13 TeV)
| FT T T T I T T T T I T T T T I T T T T 4
60" & Data [ 1Zq > | e Daa [ Zq
- Cwz [ Multiboson - (O] Cwz [ Multiboson
i llﬂ{q [ tAX | o T Itz [ tax iy
[ Xy I ZZH ¥ 60 mmxy" [ ZZH T
| [ Nonprompte/n & Totalunc. | ; | [ Nonprompte/n [ Totalunc.
40l- 2-3ets, 1 b-tagged (BDT >0.5) _ ‘q::: . 2-3 jets, 1 b-tagged (BDT > 0.5)
>
(w

"JStat.unc. ] Total unc.
1.5F ; . % :
0.5F ' : E
OO 50 100 150

200

p.(2) (GeV)

Events / 40 GeV

Data/Pred.

>
Nyjs 22 BDT >0.5
CMS Preliminary 77.4 7 (13 TeV)
T T T T I T T T T I T T T T I T T T T ]
é Data I tZq
74 [ Multiboson
. Emttz [ tiAx 4
= Xy© B ZZH
201~ [ Nonprompt e/u EXJ Total unc.
B >2b jets (BDT > 0.5) 7
0
E ‘[Jstat.unc.” [_]Total unc. E
1.5F + + * E
L S L ARl bbbl S =
0.5 % —
0 50 100 150 200
p_(Z) (GeV)

* Next step is to measure differential cross sections and explore constraining
new physics via EFT

D. Dobur
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Summary & outlook

* First observation of the tZg production with significance well above 50
o(tZq—tl 0 q)=111+13(stat)’,'(syst)fb  15% precision

* In agreement with the SM prediction
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Summary & outlook

* First observation of the tZg production with significance well above 50
o(tZq—tl 0 q)=111+13(stat)’,'(syst)fb  15% precision

* In agreement with the SM prediction

) 1011 pp — tZj, LHC @13 TeV
Next: JHEP 1810 (2018)/005
_ Maltoni et.al
* Full Run Il data will reduce the stat %
uncertainty by~40% ©
* Important to reduce dominant systematic ?hm—z-
. . Q
uncertainties o s
A -LO
. . . = NLO
* Differential measurements are important to .
probe new physics eg. via EFT 2
% 2
b

0 50 100 150 200 250 300 350 400
top pr [GeV]
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* First observation of the tZg production with significance well above 50

o(tZg—tl" 0 q)=111+13(stat) ", '(syst) fb

* In agreement with the SM prediction

Next:

* Full Run Il data will reduce the stat
uncertainty by~40%

* Important to reduce dominant systematic
uncertainties

* Differential measurements are important to
probe new physics eg. via EFT

D. Dobur

Events / 40 GeV

Data/Pred.

15% precision

401~
- 2-3jets, 1 b-tagged (BDT > 0.5) -

E [_]Stat. unc. []Total unc. 3
1.5 E ; =
1= s ¢ ]
0.5¢ —;
00 50 100 150 200

CMS 774" (13 TeV)
L T T T T [ T | T T T T | T T T T i
@ Data [ tZq
A [ ] Multiboson |
Btz X/ 1X
= Xy mmzz ]

[ Nonprompte/ u 3 Total unc.

p_(top) (GeV)
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, g Viq enter in production and decay
vertices

V! = V%"‘f from single-top-quark production
Oyao: NLO (t- and s-channel), NLO+NNLL (tW)

8Cipe, - BCale ® PDF @ a, ®m B E,
m,=172.5 GeV

ATLAS+CMS LHCIopWG [ PN

t-channel, [5=7, 8 TeV

ATLAS+CMS LHCIopWG —
w, 5=7.8TeV
ATLAS+CMS LHCpWa | o

s-channel, (5=8TeV

ATLAS+CMS LHClopWO P

t-channel, tw, s-channel, fs=7, 8 TeV

1 1 1 1 1 | 1 1 1

i Vgl = (meas.) = (theo.)

total theo

1.02 £0.04 £0.02

102 £0.09 £0.04

097 £0.15 £0.02

102 +0.04 £0.02

1 1 1 1 1

Yo et E) = Y g [Vigl? Bt — Wa)
q=Db,d,s

Deviations from the SM are parameterized

with f,
0]
| fLV .th |: measured
G predicted

Best measurement is obtained from 7 & 8 TeV

0.6 08

<—A

"LV

14

combination with ~4% uncertainty

e Expect to improve with luminosity
e limited by theory (~3% at NNLO)
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Single-top t-channel production

R =21 _ 66 +0.02 (stat) + 0.05 (syst)
e At higher \/g , R, approaches 1
o ” H
arXiv:1812.10514 As “sea quarks” become important
-1 -

FMS S — 35?fb {1|3| TeV) «r 04l ATLAS Preliminary | " September 2016 B
1.66 + 0.02 (stat) + 0.05 (syst) o e "I t-channel single-top-quark production .
— Stat —_— Stat @ SyS’[ : T : | === CT14 Phys. Rev. D 93 (2016) 033006 i

o : : : 2.2_ NNPDF 3.0 JHEP 1504 (2015) 040 1

NLO PDF predictions: i | | = B MMHT2014 €. Piys. . 75 (z01s) 204 -

scale ® mt ® PDF+aS : : : . NL(? NPPsza5(2n1jJ)1Li CPC191(2015)74 :

NNPDF3.0 : d ! 2_ wen=m, .

NNPDF3.1 B i

| | | 1.8/ .

ABMP16 i i E . 16 o H —

MMHT2014 : .: : i H | :);21052 :E: PRD 9-0 112006 (_2014) ]

HERAPDF2.0 i i - : 1.4 _— t ] 3.2. fo " arxiv:1609.03920 —_

I Ll 1l I L1 1 1 I L1 1 1 I Ll 1 1 l L1 1 1 I I | I 11 | L l |: L1l Ll 1 1 ) I I I I | | I I i
135 14 145 15 155 16 165 1.7 175 1.8 6 7 8 9 10 11 12 13

Rion Vs [TeV]
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Lidia Dell’Asta
TOPWG November 2017

ATL

Signal samples & theor

0OSignal MC: LO rescaled to NLO.

OTheory cross section:
OZ boson is forced to be on shell,

Ono cuts are applied,
J4-flavour scheme.

AS

Dono(tZq) =800 fb
0+6/7% scale

d

> a Pd 4
S oo 5 2
AN %%
[ w
b . \ ,
b —b_,_
I BTV o=

e —

Cross section

®Signal MC: NLO.

B Theory cross section:

BZ boson can be off shell/y* is also
included,

#m, > 30 GeV,

® 5-flavour scheme (4FS for MC
generation).

Boyotlg) =94 fb
B +2% scale

» Tau leptonic decays included.
» Different scale choice between ATLAS and CMS.

» Theory paper https://arxiv.org/abs/1302.3856
P Op0(tZq) ~ 820 fb.

D. Dobur

®+2.5% PDF

5 S

w ? 4 \)

., {\/\/\/\/‘ W

b S b < t

° > 0—7»—
o > Z
v A

AN

CMS
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tZq systematics

uncertainty source

impact (%)

Experimental

lepton selection 3.2
trigger efficiency 2016 (2017) 1.0 (1.1)
jet energy scale 2016 (2017) 0.9 (3.1)
b-tagging efficiency 2016 (2017) | 0.7 (1.2)

nonprompt normalization 4.1

ttZ normalization 1.0
luminosity 2016 (2017) 1.2 (1.3)

pileup 1.9

other experimental 1.3

Theoretical

final-state radiation 2.0

tZq QCD scale 2.0

ttZ QCD scale 1.4

D. Dobur
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BDT discriminator

Signal& Background
discriminating variables

* Maximum di-jet invariant mass
» 1 of the jet recoiling top
* | 1| xcharge(?, )

* highest btag discriminator

« max A¢(LY0)

- minAR(et, ()

. max p,(jet,jet)

- m(l00), my, H,,N., , .

jets

* 6 BDTs in total: 3 for each category and separate for 2016/2017 data
* Training against the sum of all backgrounds

* Good discrimination power in all categories
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Events / 20 GeV

Data/Pred.

CMS Preliminary 774" (13 TeV)
T I T T T T I T T T

T T T I T T
é Data [ tZq
T Cwz [ Multiboson
. ttZ [ tiAx 4
= Xy” 0 ZZH

- [ Nonprompte/un X Total unc. 7
- 2-3 jets, 1 b-tagged (BDT > 0.5)

Events / 13 GeV

100 150 200
pT(Ieading lepton) (GeV)

Data/Pred.

40—

CMS Preliminary 7. 4 b (1 3 TeV)

& Data - th
L 1wz [ ] Multiboson |
ttz tx
I .tz (I |
0 Xy [ ZZH

[ ] Nonprompt e/u B Total unc.
2-3 jets, 1 b-tagged (BDT > 0. 5)

50 100
pT(subIeading lepton) (GeV)
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Events /10 GeV

Data/Pred.

C M S Preliminary

77.4 fb (13 TeV)

T T T I T T T I T T T
| Q Data I tZq
60— 1wz [ Multiboson
| ttz [ ttAx
/= Xy & ZZH

- [ Nonprompte/n [ Total unc.
- 2-3 jets, 1 b-tagged (BDT > 0.5)

60 80

40
pT(traiIing lepton) (GeV)
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Nonprompt lepton bkg. validation

MC closure test:

CMS S/mu/at/on Pre//mlnary (13 TeV)

%) T T C MS S/mulat/on Prellmmary (13 TeV)
c — Al '15 T T T T T T T —
[) . . o _
AT Monte Carlo Tight-to-loose prediction g _ o
» + Monte Carlo Tight-to-loose prediction
c L i
)
>
w
Lo 2
o 15F ) ) 3 o2
Q— 1 /; IS I 7 SSSSLS TS 2z 7 ///j/%;ﬁ#%é 9 1 5 é_//////////////// ///////// S AL A Y 3‘//_’:
8 0-5 _E Q‘ 0 51 = /gﬁ L7777 ///.//, ///'/////’/.////,///-;////77/////7/////’/////7// //}//396‘?/—4//1//5
: : : : 3 %) SE E
o O mmm upe wee eee ) . ‘ E
Lepton flavors 1 2 3

min A R(lep, b jet)

*Measure TL-ratio in QCD apply in ttBar/DY
e Check all BDT input variable

* Good closure
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 Mainly from ¢ and DY:

-» Typically two prompt lepton + nonprompt
-» Use events with at least 1 /7 fails “tight” selection but
passes the “loose” selection 2 “Tight-to-Loose” (TL)

-» Need to evaluate TL probability (f)

V. nonprompt

% ‘ ; o tossemuiacoy 1 Problem: fis dependent on the mother parton p;
ém . —— Tight Mu (QCD) ? . o
me X 1 -» Parametrise f versus modified lepton pT
10° * %
Do W
wg " ", mod
. ﬁﬂ “‘ﬁ f (p T 977)
°F P
P 1 |.+.j|+.| L
'5_‘8:3: 'l"‘:."l T T I |'-~:
%%(: - ’1%%‘ ' r1:
b-quark p_(GeV)
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