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Laboratoire de Physique de Clermont-Ferrand :

Search for FCNC processes in the top-quark sector
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The ATLAS experiment

P —
Searching for “top FCNC processes” ////E
Some of the latest ATLAS results %E

Conclusions
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Standard Model
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* The Standard Model: A success up to now
+  Describes the links between
« 12 fundamental particles
*  3interactions (EM, weak, strong)
* Mass origin with the B.E.H. mechanism
*  Higgs boson discovery in 2012 by ATLAS & CMS

* However some limitations ...

+ Gravitation, interaction hierarchy, naturalness,
Matter/Antimatter asymmetry, dark matter,
neutrino mass, etc.

“Low energy approximation of a more
fundamental theory?”

Geoffrey GILLES 4



Beyond the Standard Model theories prrrE—

WUPPERTAL

“Enhancing fundamental symmetries or playing with spacetime dimensionality”

Neutralino ¥ X1

Super Symmetr
uper>y Y Super-partners t, b, etc.
Extra dimensions v v v v v Keluze dein gxutatlons
gluons gy , gravitons Gy, etc.
Higgs sector New scalar bosons
extensions Y J v H*, H, A
Gauge sector Y v New heavy gauge bosons
extensions W', Z'
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Beyond the Standard Model theories prrrE—

WUPPERTAL

“Enhancing fundamental symmetries or playing with spacetime dimensionality”

4 A

New particles

Y Neutralino ¥

S S t v v v v AL
Hper Symmetry Super-partners t, b, etc.
Extra dimensions v v v v v Sl (K excitations
gluons gy , gravitons Gy, etc.
Higgs sector New scalar bosons
extensions v v v H*, H, A
Gauge sector New heavy gauge bosons
‘ v v 1
extensions W', Z

1

Gatzillion of new particles expected
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irect vs. indirect search for New Physics

No evidence (yet) for on-shell
production of new particles

Lower limits are growing
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2018 f[ dt = (3.2-79.8) fo! Vs=8,13TeV
Model ty Jetsi ET™ [ram) Limit Reference
T

ADD Gy +g/q Oep 1-4j  Yes 361 Mp 7.7 TeV. 2 1711.03301
ADD non-resonant yy 2y - - 37 |Ms 8.6 TeV 3HLZNLO 1707.04147
ADD QBH - 2j - 37.0 | M 8.9 TeV 6 1703.09217
ADD BH high 3 pr 2lep  22j - 32 | My 82TeV 6. Mp = 3TeV, rot BH 1606.02265
AADD BH multijet - =3j - 36 | Mu 9.55TeV n=6 Mp=3TeV,rot BH 1512.02586
RS1 Gkx — ¥y 2y - - 36.7 Gy mass. 4.1 TeV k/Mpr =01 1707.04147
Bulk RS Gk —» WW/ZZ multi-channel 36.1 Gy Mass 23TeV k/Mp =1.0 CERN-EP-2018-179
Bulk RS gii — tt len 21b21J2) Yes 361 | @k mass 3.8TeV r/m=15% 180410823
2UED/ RPP lep 22b23) Yes 361 KK mass 1.8 TeV. Tier (1,1), BAMD — tt) =1 1803.09678
SSMZ' — (¢ 2epu - - 361 [Z'mass 45TeV 1707.02424
SSM Z' - 1t 27 - - 361 [Z'mass 2.427TeV 1709.07242
Leptophobic Z’ — bb - 2b - 361 [Z'mass 2.1TeV 1805.09299
Leptophobic Z’ — tt feu z1b21J2 Yes 361 |2 mass 3.0TeV r/m=1% 1804.10823
SSM W’ - tv Ten - Yes 798 | W’mass 56TeV ATLAS-CONF-2018-017
SSM W' — 1v 17 - Yes 361 | Wmass 3.7 TeV 1801.06992
HVT V' - WV — qqqq model B 0 e, 2J - 798 |V mass 4.15TeV. ATLAS-CONF-2018-016
HVT V' - WH/ZH model B multi-channel 361 |V mass 2.93 TeV. 1712.06518
LRSM Wy, — tb multi-channel 36.1 | W' mass 3.25TeV CERN-EP-2018-142
Cl qqqq - 2j - 37.0 A 218TeV 7, 1703.09217
Cltlqq 2epu - - 36.1 A 400TeV 7, 1707.02424
Cl ettt zleu =z1b=1j Yes 361 [A 257 TeV. 1Cael = 4 CERN-EP-2018-174
Axial-vector mediator (Dirac DM) 0 e, 1-4]  Yes 361 | e 155 TeV. 1711.08301

. Colored scalar mediator (Dirac DM) 0 e, 1-4)  Yes 361 | mned 1.67 TeV 171103301
VVyy EFT (Dirac DM) Oep 14<1j Yes 32 [Mm. 700 GeV 1608.02372
Scalar LQ 1 gen 2e 22j - 32 |LQmass 1.1 TevV. 1605.06035
Scalar LQ 2" gen 24 22j - 32 |LQmass 1.05TeV. 1605.06035
Scalar LQ 3" gen leu 21b23] Yes 203 1508.04735
VLQ TT — Ht/Zt/Wb+ X multichannel 361 | Tmass 1.37 TeV. SU(2) doublet ATLAS-CONF-2018-032
VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass. 1.34 Tev. SU(2) doublet ATLAS-CONF-2018-032
VLQ o3 Tspa| Ty = We+ X 2(SS)/28 e >1b,21] Yes 361 | Tspmass 1.64 TeV. B(Tss - Wi)=1,c(TsWe)=1 | CERN-EP-2018-171
VLQY - Wb+ X feu =21b>1 Yes 32 |Ymass 1.44 TeV B(Y = Wh)=1,c(YWb)=1/VZ | ATLAS-CONF-2016-072
VLQ B — Hb+ X Oep2y 21b21j Yes 798 |Bmass 1.21 TeV xe=05 ATLAS-CONF-2018-024
VLQ QQ — WqWq leu 24j Yes 203 1509.04261
Excited quark g — qg - 2j - 370 |[a"mass 6.0TeV only u” and d*, A = m(q°) 1703.09127
Excited quark g" = qy 1y 1] - 367 |[atmass 53TeV only u* and d*, A = m(q°) 1709.10440
Excited quark b" — bg - ib1j - 361 |bfmass 2.6 TeV 1805.09299
Excited lepton £* 3enu - - 203 30TeV 1411.2921
Excited lepton v* 3ept - - 203 16Tev 1411.2921
Type Ill Seesaw Teu 22j Yes  79.8 ATLAS-CONF-2018-020
LRSM Majorana » 2epu 2j - 203 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H=* — ¢¢ 234eu(SS) - - 31 DY production 1710.09748
Higgs triplet H** — ¢t 3eut - - 203 DY production, B(Hj* - (r) = 1 1411.2921
Monotop (non-res prod) Ten 1b Yes 203 anon-res = 0.2 1410.5404
Multi-charged particles - - - 203 DY production, lg| = Se 1504.04188
Magnetic monopoles - - - 7.0 1509.08059

*Only a selection of the available mass limits on new states or phenomena is shown.

DY production, [g] = 1gp, spin 1/2

TSmall-radius (large-radius) jets are denoted by the letter j (J).

10 Mass scale [TeV]
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Direct vs. indirect searc

h for New Physics

* No evidence (yet) for on-shell
production of new particles

* Lower limits are growing

“Access higher mass scales by
deviations in coupling measurements
and search for rare processes”
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

DY production, [g] = 1gp, spin 1/2

*Only a selection of the available mass limits on new states or phenomena is shown.
TSmall-radius (large-radius) jets are denoted by the letter j (J).

10 Mass scale [TeV]
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Searching for Flavour Changing Neutral Currents prrrE—

Y

UNIVERSITAT

* Interaction process where a fermion undergoes a change of flavour without alternating its charge
+ Forbidden at tree level by the Glashow-Iliopoulos-Maiani (GIM) mechanism in the SM
* Heavily suppressed at higher corrections

“BSM can enhance FCNC contributions by introducing new particles or interactions”

Geoffrey GILLES 9



Searching for Flavour Changing Neutral Currents
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* Interaction process where a fermion undergoes a change of flavour without alternating its charge
+ Forbidden at tree level by the Glashow-lliopoulos-Maiani (GIM) mechanism in the SM
* Heavily suppressed at higher corrections

“BSM can enhance FCNC contributions by introducing new particles or interactions”

e.g. Recent tension in Bg - K*utu~ A e LHCb o ATLAS prelim. _
b — s transition only mediated by loop diagrams in SM » Belle o CMS prelim. ]
[ SM from DHMV ]
d > d ]
0 _ *0 ]
BY - 0,1 K F §
b S C ]
05 I -
W p [ - —o— L
v, ZO L I ]
ut -1 L M I

0 10 15

Geoffrey GILLES
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The Large Hadron Collider T rg—

WUPPERTAL

World most powerful particle accelerator/collider

High energy collisions
Proton-proton (heavy ions)
Vs=17,8,13TeV
— Access to massive particles

Very high collision frequency
~ 40 MHz

— Study rare phenomena

ELENA[30m ] O
AD[180m

pse[160m] Q-

Geoffrey GILLES



The Large Hadron Collider
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ELENA[30m ] O
AD[180m

PS[630m ]

pse[160m] Q-

Geoffrey GILLES
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World most powerful particle accelerator/collider

Experiments at the LHC

A Toroidal LHC Apparatus ‘
‘ Mon opole and Exotics Detector at the LHC
ALICE _ ,
A Large lon Collider Experiment

Compact Muon Solenoid

TOTEM ‘ _

Total cross section, Elastic scattering

and diffraction dissociation Measurement

arge Hadron Collider foward

LHCb
Large Hadron Collider beauty

Large Hadron Colllder




A Toroidal Lhc ApparatuS
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Luminosity in LHC Run |l

Higher energy and luminosity
150 fb"" accumulated for pp collisions

— T 1 T 1 r 1 T 1 T T 7T T
2160
o F ATLAS (s =13 TeV
2140 Preliminary
8 C . Delivered: 158 fb™'
£120F . LHC Delivered Recorded: 149 fb!
§ - [ ]ATLAS Recorded ~FMvsics: 40T
8100:_ [[]Good for Physics
T 80
D C
€ 60?
© r
S 40f
= C

201~

O‘f; 5 (o) (s} T u 9 Q

300 7 3P a0 T A g 0 T it

Month in Year

uonelqIe 8LOZ eyl

WUPPERTAL

Large pile-up in Run I

Up to 70 collisions per bunch-crossing in 2017

500

400

300

200

Recorded Luminosity [pb/0.1]

100

Geoffrey GILLES

ATLAS Online, 13 TeV jl_dt=136.4 fo!

2015:<m>=13.4
2016: <m>=25.1
2017: <m>=37.8
2018: <m>=37.3
Total: <m> = 34.0

uone.qied g10g [l

10 20 30 40 50 60 70 80

Mean Number of Interactions per Crossing
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The top quark

* A unique particle o 66%
* Most massive elementary particle: m; = 175 GeV L =10 B
+ Decays before hadronising, allowing study of bare quarks w* ‘ Tmp < B/ = 10 %
¢ Large coupling to Higgs boson & special role in EVWSB t o o
V=1
' b
H

Leads radiative corrections to
the Higgs mass

Geoffrey GILLES 17



The top quark
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* A unique particle
* Most massive elementary particle: m; = 175 GeV
+ Decays before hadronising, allowing study of bare quarks
¢ Large coupling to Higgs boson & special role in EVWSB

f

H

Leads radiative corrections to
the Higgs mass

/=" WUPPERTAL

33%
66%
+ Ty = 1025
w ‘ Thad © h/AQCD =10 #s
V,=1
b

* An important probe for testing SM & BSM Physics

« Test pOCD at NNLO precision (fixed-order) and constrain Parton Distribution Functions (PDFs)
« Determine SM parameters (my, [Vip) and measure rare processes (tt+V, tZ, tH etc.)
« Constrain New Physics: Direct searches (tt resonances, W’ — tb), Anomalous couplings

Geoffrey GILLES
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A particle abundantly produced at the LHC

WUPPERTAL

Dominated by tt pairs productions (~832 pb at/s =13TeV)

t g
Up to now, an impressive
agreement between predictions
and measurements

[ i
quark-antiquark annihilation gluon-gluon fusions = ———————— —
— O, - 1 -
(~10%) (~ 90%) S v %ﬁg@lﬁg&kﬁlﬁ%é%%%‘6)&5 S0 ATLAS+CMS Preliminary Sept 2018
c = TR LHCtop WG 7
s e CMSeu7TeV(L=51b")
S‘ | k d H = 103 s éI/ILsAeS;ue ?eTveX_(Lng f2 Ly
Ingle top-quark proauctions 3 = 7 Lo combined el [ 253203 1) Lrciopwe _
2 E = ATLAS ey 13 Tol (L = 3. 3
[ v CMS ep13 TeV (L=22 fb T
7)) v CMSep* 3TeVL 35.6107)
a a - 3 [ 4 ATLAS P 11§‘TT§\)’(L =580 ]
b t = b = N CMSI+;tls13TeV(L 221 %
q o I o CMSalljets* 13 TeV (L = 2.53 fb™) -
It * Preliminar 900_ ]
— + (0] 2 ’
w+ b w S 10?F =
@ - 800F 13
=) C .
[} - ]
t £ L 700r 1
b t g w- q L g NNLO+NNLL (pp) i
== NNLO+NNLL (pp) N
L Y J \ Y Y J 10 Caakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs[TeV] —
. . = NNPDF3.0, m, _1725GeV as(M )=0.118 + 0.001 b
t-channel tW associated production s-channel . Ly
(~220 pb) (~71.7 pb) (10.3 pb) 2 4 6 8 10 12 14
73% 24% ~3% Vs [TeV]
Geoffrey GILLES 19




BSM contributions to top FCNC processes

Comparison between predicted
Br(t - Xq)

2l olhor procosees are oro Theory predictions —sm
t>Hc - | ————————————————
t—>Hu
el
t—>yu
t—>gc - -
t—>gu
t>Zc - S
t>Zu

Y S I I T TN TN TN TG T o s o SN A NN SN A BT M

10"® 10" 107° 107 10 10"

Branching ratio
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BSM contributions to top FCNC processes

Comparison between predicted Two-Higgs doublet models
Br(t - Xq) e.g. ®In tree-level FVC between SM fermions and H or A

e o oy predkcions —sM [ J2HDM(FV) []2HDM(FC) * |n flavour-conserving model via loops with H*

| tomexwistas [JMSSMERPV QRS
s He | Super Symme‘try.

e.g. ® FVC with light-squarks §

t>Hu (NB: advancing § mass limits suppress loop-induced Br)
toye Warped extra dimensions
i e.g. ® FVC between SM fermions and KK excitations

I S ® From loop processes involving of fermion KK modes
t—gc
t—>gu
toZc

“Orders of magnitude in excess of SM expectations”
t>Z
_)ul Y | N S I T A NN SN BN Rt L P I I I |
107" 10" 107" 107 104 10"

Branching ratio

*FVC = Flavour Violated Coupling

Geoffrey GILLES
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Relying on a model independent approach

* Building an Effective Field Theory (EFT)
« Parameterize physics at scale A » /s in terms higher order operators
*  Respect SM symmetries (resulting in d > 4)
+  Lowest order for top-quark physics is d = 6

SM Lagrangian Wilson coefficient Dimension

\ o

C.
L = Lqy +Zﬁ0i(d) + h.c.
i

/ | AN

Effective Lagrangian New-physics scale Operator

Geoffrey GILLES

2 /ﬁ BERGISCHE

%/ UNIVERSITAT
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e.g. top FCNC interaction
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Relying on a model independent approach

* Building an Effective Field Theory (EFT)
« Parameterize physics at scale A » /s in terms higher order operators
*  Respect SM symmetries (resulting in d > 4)
+  Lowest order for top-quark physics is d = 6

SM Lagrangian Wilson coefficient Dimension

\ o

C.
L = Lqy +Zﬁ0i(d) + h.c.
i

/ | AN

Effective Lagrangian New-physics scale Operator

2 /ﬁ BERGISCHE
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e.g. top FCNC interaction

X

+  If process highly suppressed in SM (such as FCNC)
2 _ SM |2 SM EFTx EFT |2
= [M|* = [MT + MM M +|M | — Leading contribution: quardratic terms

Geoffrey GILLES
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Top effective theory for FCNC

Total cross sections

* Provide model independent approach for such BSM interactions
« NLO computations in QCD for this class of processes started recently
— Large corrections ~ 30% - 80% and considerable reduction of residual theoretical uncertainties

A technology within reach for physics analyses
+ e.g. lopFCNC model currently used by ATLAS (C. Degrande, F. Maltoni, J. Wang, C. Zhang) [link]
— UFO model containing 6D operators affecting top flavour-changing processes

LO NLO
Coefficient offb] Scale uncertainty olfb] Scale uncertainty
Y =35 2603 +13.0%—11.0% 3858 +7.4% —6.7%
Y =004 40.1 +16.5%—132% 507 +4.0% —5.2%
C%.” - 171 49.7%-87% 310 +7.3%—6.3%
c®) = o 09 953 +11.0%-9.7% 166 +5.5% —5.1%

NLO vs. LO
relative dif.

+48%
+26%
+81%
+73%

Geoffrey GILLES

Differential cross sections

D[]

(13

Lo0,c=35 [JNLO,C) =35
LO, C!5=0.04 [ |NLO, C/=0.04
[CINLO, SM pp-sthj

PRRNPIN I S SN ST T

pp—»th at the LHC13
NLO+PYTHIAG

—NLOMLO, c‘ > —NLono, ¢y

{13

Pr, [GEV]

MadGraph5_aMC@NLO



http://feynrules.irmp.ucl.ac.be/wiki/TopFCNC

Main top FCNC research focuses

%/ UNIVERSITAT

°  WUPPERTAL

yqt Hqgt

Probe EW sector
N Scalar coupling

Probe EW sector
Gauge coupling

gqt Zqt
u/c u/c
FCNCin t ‘ Probe EW sector
Strong interaction g 7 Gauge coupling
u/c
t
4
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Most important top FCNC processes at LHC e ra—

UNIVERSITAT

Decay processes t — gX with X =y,Z,H

Benefits from the large tt production cross section
The first approach ...

Geoffrey GILLES 26
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Most important top FCNC processes at LHC

Decay processes t — gX with X =y,Z,H Production modes qg — tX

u/c

g

Wider kinematic range accessible, probes interactions at
higher scales where new physics effects could be enhanced

Benefits from the large tt production cross section
The first approach ...

Geoffrey GILLES 27




Most important top FCNC processes at LHC
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Decay processes t — gX with X =y,Z,H Production modes qg — tX

u/c

g

Wider kinematic range accessible, probes interactions at
higher scales where new physics effects could be enhanced

u/c

Benefits from the large tt production cross section
The first approach ... t
Orsimply qg — ¢

Geoffrey GILLES 28
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Search FCNC in single top-quark production ///4
Gt
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Search FCNC in single top-quark production T

7 UNIVERSITAT

WUPPERTAL

Eur. Phys. J C76 (2016 87)

+ Definition of the signal region
« 1 charged lepton (e, u) with p; >25 GeV and |n| < 2.5
« EJMES > 30 GeV, mp (W) > 50 GeV
* 1 b-tagged jets (50% b-jet efficiency) with p; >50 GeV

and n| < 2.5
Process Control region Signal region . Backg rounds Validated with looser
Single top 11500+ 620 14400+ 770 . : w———  b-tagqing requirement
i 10700+ 650 12000+ 740 Wjets JIng red
W+LF 526900+ 130000 6700+ 1900 o tt
W+HF 445200 £240000 62100 + 34000 - Single top
Z+jets 40000+ 9700 4990+ 1200 . Multisiets
Multi-jet 68300+ 12000 7430+ 1300 10— Estimated with

A -dri ;

Total expected 1100000+ 280000 107 000 + 34 000 jets data-driven technics
Data 1112225 108152

Geoffrey GILLES 31




Search FCNC in single top-quark production T

UNIVERSITAT

Eur. Phys. J C76 (2016 87)

Events /0.1

Data / Background

18000

16000
14000

12000f

10000

Exclusion limits on extracted on a4, * Br(t - Wb)
using binned likelihood fit to NN output

- ATLAS
F (s=8TeV, 20.3 b
[ Signal region

T‘TTT‘TTT‘TTT‘

I
e Data b
FCNC (50 pb)

I Single top

I

N W+LF

Il W+HF

[0 Z+jets, diboson

B Multi-jet -
Uncertainty ]

NN Output

WUPPERTAL

* MVA approach (NN) used to discriminate signal and background

Variable Definition

mr(top) Transverse mass of the reconstructed top quark

pfi. Transverse momentum of the charged lepton

AR(top, €) Distance in the n—¢ plane between the reconstructed top quark and the charged
lepton

pliet Transverse momentum of the b-tagged jet

T
Ag(top, b-jet)
cos 6(L, b-jet)
P
mt(W)
nt’
Ag(top, W)
AR(top, b-jet)
ntop

Py

Difference in azimuth between the reconstructed top quark and the b-tagged jet
Opening angle of the three-vectors between the charged lepton and the b-tagged jet
Charge of the lepton

W-boson transverse mass

Pseudorapidity of the charged lepton

Difference in azimuth between the reconstructed top quark and the W boson
Distance in the n7—¢ plane between the reconstructed top quark and the b-tagged jet
Pseudorapidity of the reconstructed top quark

Transverse momentum of the W boson
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Obs. limit : 0,4, - Br(t » Wb) < 3.4 pb
Exp. limit: o4, - Br(t > Wh) < 2.9 pb
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Search FCNC in single top-quark production

Eur. Phys. J C76 (2016 87)

+ Exclusion limits on branching ratios and EFT interpretation

S X1‘0-3‘ i I — X'1'0'-3'I""I'"'I""I""I""I""I"
> C ] T § ]
2 om0l THAS ls=8TeV, 203 ] g 16 ATLAS Vs=8 TeV, 20.3 b7
R . = 14F -
0.251 J = i Excluded region 1
- — Observed : S 12F e .
1 — - Expected E - =
0.20 :\\ fillt1o E 10; E
0.15/ - 8- e
- Excluded region 1 6F -
0.10[ - T — Observed ]
- ] 4:_ — - Expected B
0.05F = of [Hit1o =
- 1 f: | I I I |:X10-3 O: PRI BRI R 1 |:X10-3
0.00 0.02 0.04 0.06 0.08 0 1 2 .
B(t—)Ug) Kygt I\ [TeV ]
— . . . -3 -1
Limits on Br(t - ug) < 4.10 > Interpretation in terms of limits Kugt/A < 5.8.107° TeV
branching ratios  Br(t —» cg) < 17.107° on FCNC couplings Kege/A < 13.1073 TeV

Geoffrey GILLES 33




4] Some of the latest ATLAS

Search for FCNC decay t - u(c) + Z in tt even

n

<

4
P~
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Search for FCNC decay t = u(c) + Z in tt events

JHEP 07 2018 (2018) 176

+ Definition of the signal region
© 3leptons with pr >15 GeV and |n| < 2.5
o EIS > 40 GeV
© = 2jets with p;y >15GeV and |n| < 2.5
« Exactly 1 b-tagged jets (77% b-jet efficiency)
* Mass requirements
-« |my - 91.2GeV|< 15GeV
* |my — 80.4 GeV|<30GeV
© |mpp — 172.5GeV | < 40 GeV
- |my - 172.5GeV | <40 GeV

* Background processes

© ttH + Kinematic fit to signal hypothesis
. VIZZ ar(;d ZZ : h reco 2 reco 2 reco 2
¢ tt and Z+jets with one 2 (mjalala_thCNc) (mjblcV_ mtSM) (mzcv —mW)
non-prompt lepton X = o2 * o2 * o2,
FCNC SM
© tZand tWZ

* Determined from simulation
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Search for FCNC decay t = u(c) + Z in tt events

JHEP 07 2018 (2018) 176

« x? used as final discriminant in the signal region
+ Simultaneous fit in 5 CRs and SR under the background-only hypothesis

S L B I T
E 50:_?1}??? TeV, 36.1 i’ ‘t[f)gta _: :
= ch:»sR ﬁ?@i =0) e ] Sample Yields
o 40}§|c?5r1:alllzilt:ieg|on . Non-prompt ] _ Pre-fit Post-fit
[ Et;:b(%%%) ] ttzZ 37T+£5 37+4
30; 777, Bkg uncenainty; WZ 32 + 19 32 + 8
- 1 Z7 6.2+£3.2 6.4£3.0
‘ Non-prompt leptons 26+11 207
Other backgrounds 23+4 23+4
Total background 124 £+ 26 119+10
Data 116 116
Data / Bkg 0.944+0.21 0.97+0.12
Signal t - uZ (B =0.1%) 101+8 103 £8
Signal t — ¢Z (B = 0.1%) 85+ 7 87T+7
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Search for FCNC decay t = u(c) + Z in tt events

JHEP 07 2018 (2018) 176

+ Expected and observed exclusion limits on branching ratios and EFT interpretation

_Im ||||||||||||I||||||||||||||||||||||||||||||_ B(t%uZ) B(t%CZ) Limitson
° %Tf?:Tev i Observed CL, . Observed 1.7x10°% 24 x10°* Br(t - qZ2)
- T e Expected CL, - Median | Expected —1o0 1.7x107% 22x107%
I Expected CL + 16 ]| Expected 24x107* 32x107*
[ JExpected CL, £ 26 Expected +10c 3.4 x10™* 4.6 x 1074
| Operator Observed | Expected
; IcBY) 0.25 0.30
] |C(3l)| 0.25 0.30 Limits on éD-operator
i uW ..
] coefficients
: [ed 0.30 0.34
0 0.04 0.05 |C’$’,?/) | 0.30 0.34
B(t—> uZ) [%]
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4] Some of the latest A
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Higgs decay channel & design of the analysis pra——

WUPPERTAL

- H-bb * H-1t, WW*, ZZ" * H-vyy
+ Challenging channel + Cleaner experimental signature + Small branching ratio
+ Large background probing mutli-lepton final states « Very pure signature, reaching
- |+jets final states * Reduced background competitive sensitivity in FCNC
- Needs optimised b-tagging « Suffer from low statistics tt(t — qH) analyses

and MVA technics

Tt T I
g ER
5 2 f
o 2 f
O 8 B
= Lo e - )
+ 2 A O
I - = 5 &
R O o 2
O D02k T £ 001 ®
S5 T N8 o
g < & 5
) 103 0.001 §
=
- RN Y S| L PR R L)
105900 120 ~ 140 160 180 200 0.0001 . 0.001

M, [GeV]
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Search for FCNC decay t - gH with H = yy T

7 UNIVERSITAT

JHEP 10 (2017) 129 ¢
+ Select event with 2 photons u/c
* pr >40, 30 GeV and 100 < m,, < 160 GeV ar
 Data divided in 4 categories T,

« 2 hadronic categories: no identified lepton, 4 jets, = 1 b-tagged jet
« 2leptonic categories: 1 lepton (e, u) with pr > 10,15 GeV, > 1 jets

> [T T T 7 T T | L AL B B BRI B R E 5 F L L L s s B B B B B B ]
8§ 14 ATLAS ls=13TeV,36.1fb" 2, 5L ATLAS ls=13TeV,36.1fb" 3
X C b (7] "“E Leptonic category 1 E
< 1o e Data ] € = . gata ]
2] A i . Q o ontinuum bkg. 3
= - Contmu.um bkg. ] & ast | + SM Higgs 7
Lﬁ 10— | | | | e + SM HIggS ] g —— +t— cH(yy)
e.g. Category 1 . — +tocHyy) ] 3 E
events passing 8 E 2.5F =
full selection 61[ — 2f ° =
af . o E
- ] 1= E
or | . e e S =
C HaldronlcI category 1I | | | | S H | |
00 110 120 130 140 150 160 o0 110 120 130 140 150 160
m,, [GeV] m,, [GeV]
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Search for FCNC decay t - gH with H = yy

Z
7 UNIVERSITAT

JHEP 10 (2017) 129

*  Fit performed to di-photon mass with signal function at my

107"

1072

1073

Backgrounds (primarily yyj and tty) from sideband fit

T I T T T T I T T T T
Vs =13 TeV, 36.1 fb
t — cH(yy)

T T T T T T
ATLAS

5%

—e— Observed
--@-- Expected

H+

+
ya

1 2 3 4

5
%(t— cH)

x107°
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Observed (expected) exclusion limits
from H - yy channel

l

Br(t » qH)< 0.22% (0.16%)
Br(t - qH)< 0.24% (0.17%)



Search for FCNC decay t - gH with multileptons

UNIVERSITAT

PRD 98 (2018) 032002

* Search H - tt, WW?™*, ZZ* in two channels
« 2l same-sign, =4 jets, 1 or 2 b-jet
« 3l,=2jets, 1 b-jets

c
S [larlas Sous, . WA
@ - s=13TeV,36.1 07" 7 DttH
c
o sl 2¢8S (t - Hu) [ Diboson @ Non-prompt
T 10 g Post-fit []Other 7, Uncertainty

C --- Pre-fit bkg.

*: normalised to obs. limit on B

102

Boosted Decision Trees (BDT)
employed to discriminate
signal from background

10

I S B e |
125 F E

:?//y‘////y‘////»‘/AV%////%///%///////W%/ %
075 ¢ E
0.5 B
-1 -08-06-04-02 0 02 04 06 08 1
FCNC discriminant

Data / Pred.

Geoffrey GILLES

WUPPERTAL

Making use of ttH data (PRD 97 (2018) 072003)

Events / bin

Data / Pred.

Optimising analysis for FCNC signal

i A'l"LAS‘ ‘ ‘ Q‘ Data‘ ‘.t,L) Hu‘ i
- -t > Hut CJttw
- Vs=13TeV, 36.1fb otz DtiH
5| 3¢ (t—Hu) [ Diboson  [@Non-prompt _|
10°E Post-it [JOther 7/ Uncertainty =
C --- Pre-fit bkg. ]
- *: normalised to obs. limiton B
102 E
10
125 F )
0.75 F
0.5

1 -08-06-04-02 0 02 04 06 08 1
FCNC discriminant

9



UNIVERSITAT

Search for FCNC decay t —» gH with multi-leptons

WUPPERTAL

PRD 98 (2018) 032002

* Br(t - qH) extracted from binned likelihood fit to BDT discriminant combining 2SS and 3l ch.
+  Best-fit and upper limits obtained

LIS LA B AL BN B RS LN BRI LA BLALELEL ELLEL L BRI LR
ATLAS fs=13TeV, 36.1 b ATLAS (s =13 TeV, 36.1 fo'
— total — stat. tot. tat.
2¢5St— H H—e—H  0.08 o ) 2¢5St - Hu {55 Expected t10
- Hu . -010 008 | | S Expected +2¢
3¢t— Hu T 0.01 010 w0 3¢t~ Hu — Observed
Combined t—» Hu o4 0.04 jg:gs jg:gg Combined t - Hu
2¢SS t— He H—o—H 005 9l oo 2¢SSt— He
3¢t— Ho| H—@—A 009 T Gos 3¢t - He
Combined t — He H—@—H -0.01 0o o6 Combined t — Hc
PR [N TR T Y ST SN TN SR NN TN ST SR (NN T ST SO S ST SRS v o Ty o by b by b by
02 0 02 04 06 08 07701 02 03 04 05 08 07 08
Observed best-fit B(t — HQg) [%] 95% CL limit on B(t — Hq) [%]
Observed (expected) exclusion limits Br(t » uH)< 0.19% (0.15%)
. —
from multi-leptons channels Br(t - cH)< 0.16% (0.15%)
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Search for FCNC decay t —» qH with H - bb

=7 BERGISCHE
%

UNIVERSITAT

arXiv:1812.11568 — Submitted to JHEP

107

Events

106.

10°

10*

10°

* Lepton+jets channels split into 9
analysis regions — n jets m b-jets

T T T
ATLAS
Vs =13 TeV, 36.1 fb’'
tqH(bb) search
Pre-Fit

%

T T

—o— Data

= =« t>WbHc (% =1%)
-+ tt>WbHu (2 =1%)

[ ti+light-jets E

[ tt+>1c

B tt+>1b

[ Non-tt

7/, Total Bkg unc.

s

>6}, 2b

4j, 3b

5j, 3b

>6j, 3b

4j, 4b
5j, >4b
>6j, >4b

Events /0.1

Data / Bkg

3000

2500

2000

1500

1000

WUPPERTAL

Likelihood (LH) discriminant constructed to separate

signals and backgrounds

AP ARASNRRLES AR AR REARERSRAN RARRN RARRN RRRES
—e— Data

—ATLAS
L Vs=13 TeV, 36.1 fb™ B ti>WbHc (B=1%)
[ tt+||ght jets

7tqH(bb) search Ctie>1c
5 41, 3b ] tt+2ﬂ?
C B I Non-tt
;Pre Fit 772 Total Bkg unc.

0O 01 02 03 04 05 06 07 08 09 1
LH discriminant
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Events /0.1

Data / Bkg

T T T T T T
3500 - ATLAS
Vs =13 TeV, 36.1 fo! M tt>WbHc (3= 1%)
7 tt+||ght jets
3000 I tqH(bb) search tie>1c
[ 5}, 3b B tt+>1b
C _Fi [ Non-tt
200 re-Fit ~ Total Bkg unc.

125
=2

e
3

B G//%é
Z

0 01 02 03 04 05 06 07 08 09 1
LH discriminant



Search for FCNC decay t - gH with H - bb rrTgT—

/—: WUPPERTAL

arXiv:1812.11568 — Submitted to JHEP

* Lepton+jets channels split into 9
analysis regions — n jets m b-jets

% ATLAS I I I I ~+- Data ' .
it Vs =13 TeV, 36.1 b Toiohe ((g -l o//"%
10°  1gH(ED) search ) teightiets 3 « Similarly Br(t — qH) extracted from binned likelihood fit
it to LC discriminant combining all channels
10° % /., Total Bkg unc.
10t ‘ Observed (expected) exclusion limits
from H — bb channels

|

Br(t - uH)< 0.52% (0.49%)

f’;z ) W / / W Br(t - cH)< 0.42% (0.30%)
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Combining FCNC decay t — gH results

arXiv:1812.11568 — Submitted to JHEP

« Full likelihood combination of H = bb, T+t~, multilepton, yy channel searches

H-rr (Tlepfhad' Thadhad)
Ho>WW?*t1,ZZ* (2¢55,3¢) —

H-oyy —

Combined —

0

H->bb[— - —

ATLAS

B(t— Ho)= 0

— Observed
f=: Expected * 1o
---Expected + 20

1 2 3 4 5 6 7 8 9

Vs=13TeV, 36.1 fb' |

x10

3

BERGISCHE
UNIVERSITAT

WUPPERTAL

%B(t - Hu)

95% CL limit on &(t - Hu)

02 04 06 08

Combined limits on branching ratios
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1

2||||||||||||||||||||||||||||||||||||||

ATLAS

Vs=13 TeV, 36.1 fb

—— Observed limit

f===5 Expected limit + 15

-- Expected limit + 2¢
All limits at 95% CL

x107

I
1.2

1.4

16 1.8
AB(t - Hc)
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Summary 58y e
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Each limit assumes that
all other processes are zero Theory predictions —SM DZHDM(FV) 2HDM(FC)

from arxiv:1311.2028  [IMssM[]RPV [Ors

t—>Hc

t—>Hu

toyc

t—>yu

t—>gc

t—>gu

t—>Zc

t—>Zu

) AN N Y TR SRR HPRN YR s o ANPSN NN W B B
10°'® 10 " 10°"° 1077 104 10"
Branching ratio
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Summary prTE—

UNIVERSITAT

WUPPERTAL

ATLAS+CMS Preliminary 95%CL upper limits <-@ ATLAS <—@ CMS
LHCIOpWG [1] ATLAS-CONF-2018-049 [2] JHEP 02 (2017) 079
[3] JHEP 06 (2018) 102 [4] JHEP 04 (2016) 035 o,
septomber 2015 e e core % O en s ot oo + Summary of the current 95% CL level
[7] JHEP 07 (2018) 176 [8] CMS-PAS-TOP-17-017 observed |limits on BT(t - XC[)
aElzlichI;hlémit assumes that [9] JHEP 07 (2017) 003 —SM “12HDM(FV) 2HDM (FO)
r processes are zero Th edicti : —_ —

T emaeistrmz | [MssuCRPV  CRs (with X = g,Z,y or H,and g = u or c)

t—Hc E: obtained by ATLAS ... and CMS
1

t—>Hu 3]
t—>yc .
t>yu [“

T [ = rYT]
t—>gc Q)

[5] . . .

t->gu ol “Best LHC limits starting to probe phase space

T 7 —e W of particular BSM models”
t—>Zc 8]
t>Z : .
—Zu i

| 1 I 1 I 1 I L I 1 I 1 I 1 I 1 I L I | 1 1 I hIr.l I 1 I I[91

10°'® 10 " 10°"° 1077 104 10"

Branching ratio
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ATLAS+CMS Preliminary September 2018 ATLAS+CMS Preliminary September 2018
LHCtopWG LHCtopWG

BR(t—) Hu) Each limit assumes that all other processes are zero BR(t—) YU) BR(t—) HC) Each limit assumes that all other processes are zero BR(t—) 'Yc)
L L T B B B B L e S B B B B
104; LEP L i LEP i

TEVATRON

—1:- =
L0 5

TEVATRON

BR(t— Zu)
BR(t— Zu)
BR(t— Zc)

10 1 §

10 : CMS = E
10 ATLAS F 3

T

_
e
o
T
i
L
Ly

T 105 i 3
o ]
LI/ 10E 3

m gnm. b b Doy | I .é ol vl sl I W ol ol wl o I P

10" 102 10° 10* 10° 10° 10 10° 102 10" 10" 102 10° 10* 10° 10° 10* 10° 102 10"
BR(t— Hu) BR(t— yu) BR(t— Hc) BR(t— yc)

t— gu)

S
BR(t— gu)
BR(t—> go)

BR
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Conclusions e —
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+ Search for New Physics more than ever at the heart of LHC experiment research programs

* No evidence (yet) for on-shell production of new particles
* Access higher mass scales by deviations in coupling measurements and search for rare processes

* A comprehensive high-precision search for FCNC processes pursued with the ATLAS experiment
* In both top-quark production and decay
+ Developing more ambitious analysis strategies (using MVA, multi-channel combinations, etc.)
+ Best LHC limits starting to probe space of particular BSM models

* The next steps
+  Further exploit top-quark production mode in combination with top-quark decay analyses
* Making use the full Run Il statistics

“Promising research area for run-3 and HL-LHC”
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Abstract e
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The search for Flavour Changing Neutral Current (FCNC) processes constitutes an important
research topic at the LHC. Forbidden at tree level and highly suppressed at higher orders in the
Standard Model, FCNC processes can present enhanced contributions in many extensions of the
Standard Model. Therefore, such processes become particularly attractive for probing New Physics
in the top-quark sector, where searches for top-quark anomalous couplings offer complementarity to
the searches for new heavy resonances which have not yet been successful. In this context, a
comprehensive high-precision search for FCNC processes in both top-quark production and decay is
pursued with the ATLAS experiment. This seminar presents the status of this research activity
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