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FCNC t- Zq searches
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FCNCs at the top sector
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FCNCs at the top sector

Model: SM QS 2HDM FC2HDM MSSM RPV SUSY RS  EMF
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Search for t—gZ at the LHC (ATLAS and CMS)

 The tZg vertex can be probed both in tt events (where t - qZ)
and tZ production via FCNC

* The present talk will focus on the comparison of the ATLAS and
CMS results at 13 TeV:

« ATLAS arXiv:1803.099923 [hep-ex] — decay

* CMS PAS TOP-17-017 — production+decay



Search for t—gZ at the LHC (ATLAS and CMS)

e Signal generation:

* MG5 aMC@NLO (NLO) * MG5_aMC@NLO (LO)
« Top FCNC UFO model * Private implementation of the
(http://feynrules.irmp.ucl.ac.be/wiki/TopFCNC) lagrangian in Feynrules / UFO
s A=1TeV
* only one eff. operator coef.
different from O * Tensor RH coupling
(choice equivalent to a tensor LH
coupling)
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http://feynrules.irmp.ucl.ac.be/wiki/TopFCN

Search for t—gZ at the LHC (ATLAS and CMS)

* Trigger and object definitions

triggers

electrons

ATLAS

Single lepton (e ou w)
triggers

E.>15GeV
In| < 2.5

p, > 15 GeV
In| < 2.5

p, > 25 GeV
In| < 2.5

7%

CMS

* Combination of single,

dilepton and trilepton
triggers

E.>35GeV
Im| < 2.1

p, > 30 GeV
|n| <24

p, > 30 GeV
m| < 2.4

83 %



Analysis strategy

Basic selection
* ATLAS considers only the decay channel
 CMS considers both production and decay channels

ATLAS CMS

Exactly 3 leptons
(at least 1 OSSF pair)

Exactly 3 leptons
(at least 1 OSSF pair)

Exactly 1 jet (ST)
20r3jets (TT)

At least 2 jets

Exactly 1 b-tagged jet (ST)
At least 1 b-tagged jet (TT)

Exactly 1 b-tagged jet

MET > 20 GeV M_(W) < 300 GeV

Z candidate within 15 GeV of m, Z candidate within 7.5 GeV of m,



ATLAS

Analysis strategy

 Signal and control regions used in the fit:

Selection ttZ CRy, WZCR E Z7 CR  Non-prompt lepton CR0O (CR1), SR E
No. leptons 3 ! 3 H 4 3 ! 3 ‘
OSSF Yes 1 Yes : Yes Yes : Yes '
|my;e® —91.2 GeV| <15 GeVE < 15 GeV E < 15 GeV > 15 GeV E < 15 GeV E
No. jets >4 1 > 2 : > 1 > 2 ' > 2 .
No. b-tagged jets 2 ! 0 ' 0 0 (1) ! 1 '
Eqss > 20 GeVy >40 GeV | > 20 GeV > 20 GeV y > 20 GeV |
m%{’ - . > 50 GeV ! - - . - '
|mjee® — 80.4 GeV| - - : - - i <30 GeV |
Mt — 172.5 GeV| - - ' - - t <40 GeV
mis — 172.5 GeV| s - - . t <40 GoV

Faletlelleleleeieeilienl. il i

' Wz : single top top quark E single top top quark

: 5 quark pair : quark pair

i control region :i signal region | signal region! control region | control region

E (WZCR) &  (STSR) (TTSR) (STCR) (TTCR)
Number ofjets |1 >1,<3 1§ 1 >2,<3 i 1 >2 <3
Number of b jets : 0 B 1 >1 ' 1 > 1
|IM(Zreco) — Mz| ! Yes ; Yes Yes ' No No

<75GeV | ] :
8



Analysis strategy

* Evaluation of normalization of the non-prompt leptons (NPL)
background (shape from MC templates)

* ATLAS
 Normalization factors from dedicated regions
Z+jets and DY tt
“Light” region — e “Light” region — “Heavy” region — e  “Heavy” region — u
eee or eup, OSSF ppp or pee, OSSE eup , OS no OSSE  pee, OS no OSSF
mee — 91.2 GeV| < 15 GeV  |mue — 91.2 GeV| < 15 GeV
> 1 jet > 1 jet > 2 jet > 2 jet
Emiss < 40 GeV Emiss < 40 GeV
mr < 50 GeV mt < 50 GeV
* CMS

* NPL normalization from tt derived using TTCR and STCR
* NPL normalization from Z+jets and DY derived using WZCR



Event reconstruction / MVA

 ATLAS uses a ¥? method for event reconstruction:
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CMS

Event reconstruction / MVA

Events / 0.1 units

uses a BDT

Data/MC

Events / 0.1 units

Data/MC

O(n_.()‘ll\)o

70

60

50

40

30

20

35.9 b (13 TeV)

I|II|IIII||III|II|I|IIII|IIII|III\|I

CMS Preliminary

Post fit: TTSR
All channels

*
ﬁ Liat

tZu

| 4

¢ data

Il tZq
I other
HmZZ

Wz

174

NPL DY-like
I NPL ti-like
FCNC tZu x20
post fit unc.

IIIIIIIII|llllllllllllllllll]lllll 1

0= 0= 06 os f
D

35.9 o (13 TeV)

70

60

50

40

30

20

IIIII II|I|IIII|I

II|IIII]IIII|

CMS Preliminary

Post fit: STSR
All channels

tZc

@

¢ data

Bl tZq
Il other
Hl ZZ

Wz

tZ

NPL DY-like
I NPL t-like
—— FCNC tZu x20
post fit unc.

0.4

0.6 0.8 1

Events / 0.1 units

Data/MC

Events / 0.1 units

Data/MC

35.9 b (13 TeV)
- CMS Preliminary 4+ data ]
50— Postfit: TTSR = thger E
C  Allchannels 7
- mm Zz a
401~ S ot =
B J tZu NPLDY-lke 7
30— B NPL fi-like i
C K FCNCtZc x50 1
& 4 post fit unc. 1
20— : =
E N H
10 4‘ =
O_E_;_'L*‘—-— i e
2
1.5
1 + } J e | l | l
A
05 ?
0 -1 -0.8 -0.6 -0.4 0.2 0 0.2 0.4 0.6 0.8 1
D
35.9 fb™ (13 TeV)
CMS Preliminary 4+ data
45" post fit: STSR . tZq
40 All channels = EZ er
35 i wz
\\ tZC tz
30 NPL DY-like
o5 B \PL fi-like
FCNC tZc x50

post fit unc.

AN

IIII|I|II|IIII|IIII|IIII|IIII|IIII|IIII‘IIH|IIII

5
20
]
1.5: + + tiT
i ! |
-0.4‘ 0.2I 0 I0.2 ‘0.4 : IO.G I IO.8 I 1
D
11



Systematic uncertainties

* ATLAS
Pre-fit ttZ CR WZCR ZZ CR Non-prompt Non-prompt SR
Source lepton CRO lepton CR1
B [%] B [%] B [%] B [%] B [%] B [%] S [%]
L Bvent modelling . P 40 e L3 28 40 e 30 D.....i
Leptons 2.1 2.4 3.0 2.6 2.9 2.6 1.9
Jets 6 3 15 10 4 9 4
b-tagging 7 1.5 0.6 2.3 3.0 5 3.4
Emiss 0.4 4 2.6 3.0 0.8 5 1.4
Non-prompt leptons 1.1 1.3 — 12 15 6 —
Pile-up 5 1.3 5 3.5 1.8 4 2.3
Luminosity 2.0 2.0 2.1 1.3 0.8 1.7 2.1
Post-fit ttZ CR WZCR ZZ CR Non-prompt Non-prompt SR
Source lepton CRO lepton CR1
e Bl . Blal BlAl ... B Bl B AL S|Zl.
Event.modelling.............. 22 e, 10, ) 12 B P/ S A8 B
Leptons 2.0 2.4 2.9 2.6 2.9 2.6 1.8
Jets 5 6 11 8 4 8 4
b-tagging 7 1.4 0.6 2.1 2.8 4 3.1
Emiss 0.3 3.3 2.5 2.8 0.7 4 1.4
Non-prompt leptons 1.1 1.1 — 8 12 ) —
Pile-up 5 1.2 5 3.3 1.7 3.5 2.2
Luminosity 2.0 2.0 2.1 1.3 0.8 1.6 2.1
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#

Systematic uncertainties

. CMS
Source Systematic input Type
NPL muon 50% normalization
NPL electron 50% normalization

- background ttZ 30% normalization

. background WZ 30% normalization

. background tZq 30% normalization

. background ZZ 30% normalization

. background other MC 30% normalization

ﬁ trigger 1% (5%) normalization
lepton identification +o(pr, 1) shape
JES +o(pr,7) shape
JER +o(pr,n) shape
b-tagging +o(pr, 1) shape
pileup +0 of min. bias cross section shape
PDF PDF4LHC recipe shape (WZ, tZq, ttZ, ZZ)
luminosity 2.5% normalization
renorm. and fact. scales | varying each indep. and corr. shape

13



B

ATLAS

exp BR @
95% CL:
0.024 % (u)
0.032 % (c)

CMS 1le2pn
eXp BR @ 2elu

95% CL: .
0.015 % (u) __
0.037 % (c) ___

Combined

Results
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Results

* Limits on xsec / BR can be converted into coupling limits
CMS

. 35.9 b (13 TeV) . 35.9 fb” (13 TeV)
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= 1-2~__ """"""""" """"""""""" """"""""" Expected £2 ¢ = i - P Expected+2 ¢ .
% [ obs. JHEP07(2017)003 - 03T ] : obs. JHEP07(2017)003
S e — s exp. JHEP07(2017)003 — O e af  mmmee exp. JHEP07(2017)003 ]
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Results

* Limits on BR can be interpreted in terms of coefficients of
EFT operators

ATLAS 7. boson - tensor
Operator Observed Expected 9w gL - %, uW cos bw — ¢ _H sin @
1) dcosbwmz M A IW T W95 w)
Co 5 0.25 0.30 gw R U Crw _ Cip .
— K, = Efw COs by — gy—— sin by )
cBY) 0.25 0.30 deosGumz T V2 §
uW gw KL = iiqwc* W cos B — ¢ +
C5 | 0.30 0.34 4costymz “ 27T A2
gw R U Cew _
32 K; =—lg COS fy —
)] 0.30 0.34 Toos by 8 = Y3 IW A oS tw
A =1TeV 2
Z boson - vector Cfﬁf = L_EXfF
A2
243 R
Coiw =~ Xa
ﬁz
L1+3  A3,143 L
Cﬁ"a+ _C¢q+ = _U_EXHF
2
=y 1243 3243 _ Ny 16
*45“ C{bq‘-'_ _C{bq'-'_ = = r,X{.?-



Summary

e Stringent limits on the FCNC Ztg vertex obtained by ATLAS
and CMS

* Orders of magnitude away from the SM but approaching
some BSM extensions

* Tri-lepton topologies chosen by both Collaborations
* Result is still dominated by statistical uncertainty
* Different approaches:

 ATLAS: cut-based analysis + profiled likelihood fit on >
(decay channel only)
* CMS: BDT (production + decay channels)

17
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e ATLAS

Events / 40 GeV

Data / Bkg

Background modeling

Sample ttZ CR W7z CR 27 CR Non-prompt  Non-prompt
lepton CRO  lepton CRI1
iz 61+9 16.3+3.1 0£0 6.1£1.2 22.14+3.2
WZ 9+9 560 % 240 0£0 150 £ 70 20+ 9
47 0.07£0.03 48+ 11 92 + 20 58 + 16 9.0+2.3
Non-prompt leptons 3+6 28 £ 16 0£0 150 &£ 50 140+ 70
Other backgrounds  13.4+2.7 2245 1.0+0.6 17+6 3246
Total background 87+15 670 £ 240 93+ 20 380+ 90 23070
Data 81 734 87 433 260
Data / Bkg 0.94+£0.19 1.1+04 0.944+0.23 1.13+£0.28 1.1+04
WERETEIN D M DR RN BN O %500—'"""” LRI PR P AT P I U 18OfETTTTT T T T
r ATLAS ! ° :Z_)ata b - ATLAS e Data ] F = e .
e pme ER 4 g femoeiy  mE | eoif oo mE S
r izcr oo s 2 400ypich — i 1 120ERonprome lepon GR1 I Otrer =
il e i bWUZ ] € [ Post-Fit o e I Non-prompt
(B=0017%) S (B=0017%) ]  120F n;=bg.\:)u127% -
777, Bkg uncertainty ] W 3001 777 BKg uncertainty— = w (Bkg uncertaizny‘
= 2 1 100k Z i =
. 200% 4 80
] C v o0
= 100 w - 40
] _‘ 3 20
2 145 B s BE i
Hior 1 12 »
S R Yk 77 /
i A 0.8 = 0.8 =
50 100 150 200 250 300 350 400 e ]

60 80 100 120 140 160 180 200 220

Leading lepton p; [GeV] W boson m; [GeV]

50 100 150 200 250 300 350 400
Leading lepton p+ [GeV]
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