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FCNC

lavour Changing Neutral Currents

« Forbidden at tree-level in SM: need more complex diagrams to achieve
* Very low branching ratio in SM
« BR({ — gH)~ 10-15 w
« BR(t - gZ)~ 1014

b,d, s
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FCNC

DESY

lavour Changing Neutral Currents

Forbidden at tree-level in SM: need more complex diagrams to achieve
* Very low branching ratio in SM

« BR({ — gH)~ 10-15 w

« BR(t - gZ)~ 1014

2HDM models (~10-)

* Including RPV SUSY scenarios
MSSM (~10-7)

Extra-dimensions (~10-5)

b,d,s
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In this talk

Standard Model
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tZq: common aspects

» Clear experimental signature
« 3 leptons (2 with my close to Z-mass)
 Top single- and pair-production (SP & PP)
« CMS considers both (SP & PP)
« ATLAS focuses on PP

DESY. Loic Valéry | FCNC searches in ATLAS and CMS 5



tZq: common aspects

» Clear experimental signature
« 3 leptons (2 with my close to Z-mass)
 Top single- and pair-production (SP & PP)
« CMS considers both (SP & PP)
« ATLAS focuses on PP

- Typical analysis strategy

« Selection of (b)-jets from top quark decays or FCNC vertex
« Event reconstruction in signal region (SR)
« Background calibration in control regions (CR)

« Simultaneous fit across all regions
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ATLAS search

ATLAS

EXPERIMENT

JHEP 07 (2018) 176

« =1 b-jetrequired in SR

 Reconstruction using a minimised x* variable

2 2
reco reco 2
2 ( Yialaly — thCNc) N (mjbecl/ — mtsm) (m?zlc/o _ mW)
X g
% o o 12/V ’
FCNC SM

o
: 50 {_TLAS at?zata
. . . s =13 TeV, 36.1 ft"
« Used to discriminate signal/background € [cresritpi-0) - W2
> Signal Region I Otner
W 40 post-Fit N Mon-prormet

(B = 0.017%)
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ATLAS search

ATLAS

EXPERIMENT

JHEP 07 (2018) 176

« =1 b-jetrequired in SR
 Reconstruction using a minimised x* variable

- 2
reco reco 2
2 (mjaeaeb o thCNC) N (mjbecV — mtsm) (m?:;io _ mW)
X = 0'2 0-2 0_2 y
lreNe tsm e

TLAS ® Data
s =13 TeV, 36.1 fb’ =3sz
CR+SR fit (u = 0)
Signal Region = Sm
POEt-FIl . ﬁ_’ bWuzZ

(8 =0.017%)

Events / 1.0

* Used to discriminate signal/background

 Main backgrounds from ttZ and WZ events

 Main systematic uncertainties: background modelling

=

! Bt — Zu) < 1.7 24)x 107

Bt —> Ze) <24 32 x 107 |
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CMS search %

CMS-PAS-TOP-17-017

Dedicated for SP- and PP-enriched regions
« =1 Db-jetfor SP
« 2or3jetincluding = 1 b-jet for PP

. with BDT
« Especially using jet quantities (kinematics, angular, ...)

« Used to discriminate signal/background in each SR
(trained specifically for PP/SP)

« Main from ttZ and non-prompt ., 3595(13 TeV)
£ 70~ CMS Preliminary + data =
leptons (NPL) S b hostfTTSR — E
s . 77 .
. . L 5 oS0 o wz E
« Main uncertainties: NPL uncertainties = - $ o NeLoviks
- — FCNCZux20 |
30 = i . post fit unc. =
202_ ~ $$** s E
10F- o i
20_

% 1_5; { i{ + I o * ........................ —

8 0 rith
0 -1 -0.8 -0.6 <04 -0.2 0 0.2 0.4 0.6 08 1
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Signatures

 Many accessible signatures depending on Higgs boson decay

, W*77%
i ,i H’¢'< H/'<
t ”’l W/IIZ "l t ”I
N u/c > u/c N u/c
H — WW*/ZZ* H- 11 H — bb

- Dedicated analyses for each signature

* Combined interpretation performed by ATLAS
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Signatures

« Many accessible signatures depending on Higgs boson decay

«  Dedicated analyses for each signature H ,{‘

«  Combined interpretation performed by ATLAS > .\ g
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t — HWW*/ZZ*)q £

EXPERIMENT

Phys. Rev. D 98 (2018) 032002

* Multilepton: 2 same-sign leptons / 3 leptons
* Very pure final state !

A
* Main backgrounds from ttW and non-prompt
leptons: estimated from MC and data, resp. W/ Z*
: Timae T eDaa | mi Lt
« Event reconstruction: BDTs AT s o HuT DI
N re @z @ttH
. 2/SS (t - Hu) iboson on-prom
« 2 combined BDTs 10°E postt 0toson Won oot
r --Pre-ﬁ_t bkg. - ]
- Signal vs non-prompt leptons or ttW 5 e ment 3
g 102
w
10_ ......................................
o 3
R T
= 1 Brsssonmsscosssoapssmssssmssonnss s sisss R34 A0 -
So75F ) -{
O 08 8060402 0 02 04 06 08 1

FCNC discriminant
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t — HWW*/ZZ*)q £

EXPERIMENT

Phys. Rev. D 98 (2018) 032002

* Multilepton: 2 same-sign leptons / 3 leptons
* Very pure final state !

A
* Main backgrounds from ttW and non-prompt
leptons: estimated from MC and data, resp. W/ Z*
UARE LAE LN RN IS RS L I I I
- Event reconstruction: BDTs  ATLAS L ik O
- Vs =13TeV, 36.1fb @iz DtiH
. 3_2’58'“"""’) @@ Diboson  ENon-prompt _|
* 2 COmbIned BDTS 10 F Post-fit C](gtherrtbk 7/ Uncertainty 3
C - - Pre-fit bkg. o E
- Signal vs non-prompt leptons or ttW e ment 3

102

Events / bin

* Main systematic uncertainties: background
modelling (statistics for DD backgrounds)

il

! Bt — Hu) < 1.9(1.5)x 1073 £
b B(t— He) < 1.6(1.5)x 1073

<

10k

125 F £
Vs
0.75 F ) ?

08 08060402 0 02 04 06 08 1

FCNC discriminant

Data / Pred.
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t — H(TT)q ATLAS

EXPERIMENT

arXiv:1812.11568
(Submitted to JHEP)

« Select events with lepton and/or hadronic taus
« Classify events dependingon N, , .

 Main background from fake taus: data-based
estimate in CR

« Eventreconstruction using kinematic fit e FAAeT T e T
: : : S }is=13TeV, 36.1 " Eg;(\éngc(Q 1%)
* Using all input objects to reconstruct system £ 10 plaH(e) searh DifeaT)
. . ) @ Thadhad' 24) —TT ]
« Kinematics used for signal vs back. BDT  Pre-Fit 7 Total Bkg unc.
10k

Data / Bkg

0.5

-1 08 06 04 02 0 02 04 06 08 1
BDT discriminant
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[ — H(TT)q A@é

EXPERIMENT

arXiv:1812.11568
(Submitted to JHEP)

« Select events with lepton and/or hadronic taus
« Classify events dependingon N, , .

 Main background from fake taus: data-based
estimate in CR

« Event reconstruction using kinematic fit -  Fafas T T B T
: : : S }ils=13Tev, 36.1 " Eg;(\gch(Q 1%) |
* Using all input objects to reconstruct system £ 10°ElaH(ry search Eg(mlw 2
. . . o F ThadThag =) —TT 3
« Kinematics used for signal vs back. BDT  Pre-Fit 7 Total Bkg unc.
10%E
« Main systematic uncertainties: fake tau

modelling uncertainties

-

- Bt — Hu) < 1.7 (2.0) X 1073}

Data / Bkg
o© =
E - o

| B(t— He)< 1.9 2.1)x 107§

0.5_1 -08 06 04 02 0 02 04 06 08 1

BDT discriminant
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t — H(bb)g e

JHEP 06 (2018) 102

DESY.

Final state with 1-lepton and several jets / b-jets
« Different selections for SP and PP

Leading background: 7 + jets (sometimes from HF)
« Estimated from simultaneous fit across all regions

Event reconstruction
« BDT to reconstruct system (assign objects) H‘\<

35.9 fb (13 TeV)

« New BDT to separate signal vs background

% 10000 CMS b3jd
Systematics: dominated by b-tagging uncertainties 2 oo
‘ o ' - ‘ 6000
P Bt — Hu) <4.7 (3.4)x 10731 ' Data 4000
§ C T 2000/~
. B(t— He) <47 (44)x 1073 ¢ Wt
NG T <l S i N ST .t{-{-bB g 1.5 * . *
other (\% ] P R R *<
CISTlxy=1x13  © R 0 05 1

i S FCN hes in ATLA M
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[ — H(bi?)q A@AS

EXPERIMENT

arXiv:1812.11568
(Submitted to JHEP)

« Final state with 1-lepton and several jets / b-jets

* Main background: ttbar + HF jets

« Event reconstruction: using likelihood ratio
discriminant based on object kinematics
o éumpo\ubd;&v with signal

S s500L fATLAS = —e-Daa |
D(x) = 2 FVs=13TeV,36.1 " [55:;;‘{3?;5(9 1%)
c -
3 (5 3000__tq‘H(bb) search Cti+21c =
st et @ U sj, 3b =t£+z13 ]
. . . . . o % on-| ]
t:ompa&:,b:i&j with background  sufPrert 7 Total Bkgunc.
1500k 9 & " -
1000 Z =
500 .
0
o
B1BEo 0 00 P o %
= 1 55 5 5 5 5555575555
§ 0.75
05

0 01 02 03 04 05 06 07 08 09 1
LH discriminant
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[ — H(bi?)q A@AS

EXPERIMENT

arXiv:1812.11568
(Submitted to JHEP)

« Final state with 1-lepton and several jets / b-jets

* Main background: ttbar + HF jets

« Event reconstruction: using likelihood ratio
discriminant based on object kinematics
o {,umpo\ubutctv with signal

§ 3500 'X'TL'A'S' ""I""l""l'_;_' 'éiél""l""l""
D(x) — 2 FVs=13TeV,36.1 1" -g:v‘{:'*ﬁ(g 1%)5
§ 3000 - tqH(bb) search %m;%c e E
SIS w 55j| 3b mm tt+>1b ]
compatibility with background s Preft 7 TowalBigunc. -
. . .. . 2000;' —
« Main systematic uncertainties: ttbar + HF modelling : :
. " . 1500k L » B
and c-jet mistagging —

1000 / -
500 -

o 0
N )

‘g 0.75

e 0.5

0 010203040506070809 1
LH discriminant
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ATLAS Combination

ATLAS

EXPERIMENT

arXiv:1812.11568

(Submitted to JHEP)
llllllllllllll 10 o A S S e S S S S S S S S S
! ! ' ! § : ATLAS ' " \s=13TeV, 36.1 fo"
H_)bB — Ny 35? e Data
2 30 | L Ll ] e Continuum bkg.
2 + SM Higgs
w 25 — +t — cH(yy)
H—-tz (T1epThae Thadhad) ] 20F
155
ATLAS 10(-
H—) WW*,TT,Zz* (2£88S,37) E =13 Tev 36.1 fb-1 ] 55_
 Hagonccategoyz TPy
RB(t— Hu)=0 Qo0 "Ti0 120 130 140 150 160
H=yy - ] JHEP 10 (2017) 129 myy [GeV]
— Observed — —
#: Expected + 1o
Combined e Expected + 20
x107°

0O 1 2 83 4 5 6 7 8 9 10
95% CL limit on #(t - Hc)

! B(t — Hu) < 1.2 (0.83)x 107 §
L B(1 — He) < 1.1 (0.83) x 107 §
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Summary plot

ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS
LHCtopWG [1] ATLAS-CONF-2018-049 [2] JHEP 02 (2017) 079
(3] JHEP 06 (2018) 102 [4] JHEP 04 (2016) 035
BEcnws  Beseenm
Each limit assumes that [9] JHEP 07 (2017) 003
all other processes are zero Theory predictions =SM 2HDM(FV) EZHDM(FC)
from arXiv:1311.2028 EmssmrPv ERS
H 7 = (1
—Hc o @
R —@9 (1]
% u lllllll H [3]
t—yc
—0 4]
t—yu
—@ (4]
T XY el 000 5]
t SHSGE a
_)gc 3R 6]
8387 =
Y| —e [5)
t-gu 5
N\ —o o
- T NSRRI e
N\ :o’:’t: R —0 [7]
t—Zc NN .
NN 2 «~—0 (8]
N % —eo
t—Zu \ / "
\
9
Y [T TR A SN NN B R A 1 <1® Y

107'° 1077 10* 10~
Branching ratio

1 —16l 1 —13l
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Conclusion

DESY

Strong programme searching for
» Investigated for several FCNC couplings and final states
Sensitivity ... but ...

extensions !

Next round of analyses, with full 13 TeV dataset will benefit from:

* More data (~4 times more)

« Improved analysis techniques and precision

Loic Valéry | FCNC searches in ATLAS and CMS
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Thank you
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t — yql/gq

* Probe anomalous couplings in single-top quark production (LHC Run 1)

* Using muon+photon events at 8 TeV

« BDT used to separate FCNC from SM

RIS

| B(t — yu(e) < 0.17(2.2) x 10~

JHEP 04 (2016) 035
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t = rq/8q
* Probe anomalous couplings in single-top quark production (LHC Run 1)

* Using muon+photon events at 8 TeV

« BDT used to separate FCNC from SM

o s N — y JHEP 04 (2016) 035
{ B(t — yu(c)) < 0.17(2.2) x 1074
* NN used to disentangle SM and FCNC processes %
CMS | B(t— gu) <020 (0.28)x 107 B(t — g) < 4.1 (2.8)x 1074} e o2 o017 008
ATLAS B(t — gu) < 0.40 (0.35)x 107+  RB(t - gc) < 2.1 (1.8) % 107
[ ) g k 4 g ‘ EPJC 76 (2016) 55
W ’ _
g y ! ! P00~ a 4 : )
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t —> Zulc (I )

ATLAS

EXPERIMENT
Process probed: 1 - WbZ(¢¢ )q JHEP 07 (2018) 176

Analysis basic selection: 2 SFOS leptons, MET > 20 GeV, 22 jets, =1 b-jet

Analysis strategy: Event reconstruction with chi2 + cuts on masses of chosen
combination

2 2
reco  __ reco __ 9
2 (mjaéaéb thCNC) " (mjbfcv mtsm) N (mZio _ mW)
T o o2 0‘24/ 4
FCNC SM

Main backgrounds + estimation strategy: diboson + ttZ/tZ constrained in CRs

Selection 11Z CR WZ CR ZZ CR  Non-prompt lepton CRO (CR1) SR
No. leptons 3 3 4 3 3
OSSF Yes Yes Yes Yes Yes
|mi;® =91.2GeV| <15GeV < 15GeV < 15GeV > 15 GeV < 15 GeV
No. jets =>4 22 >1 >2 >2
No. b-tagged jets 2 0 0 0(l) 1
E{?““ >20GeV >40GeV > 20GeV > 20 GeV > 20 GeV
mfr" - > 50 GeV - -
[myc® — 80.4 GeV| - - - - <30 GeV
|m§‘}ﬁ? - 172.5 GeV| - - - - < 40 GeV
|m;°{°(° - 172.5 GeV| - - - - < 40 GeV
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t —> Zulc (ll)

DESY.

Main systematic uncertainties: background theory uncertainties

(modelling + normalisation)

ATLAS

EXPERIMENT
JHEP 07 (2018) 176

Results:
Sample Yields
Pre-fit Post-fit
1z 37+5 37+4
Wz 32419 32:8 Expected Observed
ZZ 6.2+3.2 6.4+3.0
Non-prompt leptons 26+11 20+7 -4 -4
Other backgrounds 23+4 23+4 t A 2.4x10 1.7x10
Total background 124 +26 119+ 10
— -4 -4
Data 6 16 t—>cZ 3.2x10 24 x10
Data / Bkg 094+021 097+0.12
Signalt = uZ (B8 =0.1%) 101+8 103+8
Signal t — ¢Z (B =0.1%) 85+7 87+7 o
T soFATLAS
@ fs=13TeV, 36.1 ft"
d d ] & | FSonairegon
1 — Observed CL, - 1 P Observed CL, - @O 40 -Fi
------- Expected CL, - Median fo=13TeV. 36,11 . Expoctod CL, - Median | Foseet
Ke Iots [ Expected CL, + 16 [ Expected CL, + 16
y p [ Jexpected cL, + 26 [ JExpected CL, + 26
214
m -
7
a
0.04 0.05 0.04 005 _ 008
B(t— uZ) [%] B(t- cZ) [%]
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t —> Zul/c (l)

* Process probed: 1 > WbZ(¢¢)q and gg — Z(£?¢)t

« Analysis basic selection: =3 leptons (2 from Z), 1 < Njets < 3, mt(W) < 300 GeV

« Analysis strategy: simultaneous fit across lepton channels (4) X region types (5)

 |n CRs —> kinematic variable

 In SRs —> BDT discriminant (uses especially jet-related variables)

 Main backgrounds + estimation strategy: Fake leptons from DY/ttbar. MC
background + contraints in CRs

WZ single top top quark single top top quark

quark pair quark pair
control region | signal region | signal region | control region | control region
(WZCR) STSR) ( (STCR) (TTCR)

Number of jets >1,<3 1 | >2 1 >2,<3
Number of b jets 0 1 >1
|M(Zeco) — Mz| Yes No No

<75 GeV
DESY. Loic Valéry | FCNC searches in ATLAS and CMS 23



t —> Zulc (ll)

 Main systematic uncertainties: background normalisation
 Results:
15x104 2.4 x104
37x104  4.5x104

Key plots:

359107 (13 Tev) 35.91b" (13 Tev)
70|~ CMS Preliminary + ?Z‘qh 3 - CMS Preliminary + daﬂ& ]
. ) - . N tZq -
Post fit: TTSR |- Postfit TTSR —
All channels W other SOF Alchannels I other

E - . zz ]
E E wz 3
* tZ = > 49 - * tzZ 3
NPL DY-like ] - NPL DY-like -
I NPL ti-ike = 30| L I NPL ti-ike -
ux 3 —_ FCNC th x50
¢ . 5 =

Events / 0.1 units
o
(=3
Events /0.1 units

Tatle, —

305 L 'l ! R 805»— I I' L l -
0 08 06 4 02 0 02 0O 5 08 0 o8 06 04 02 0 02 0 CE)
D D
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t —> H(bb)qg CMS

 Process probed: t —> Hq with single and pair-production
« Analysis basic selection: =1-lepton, =3j or 24j (2,3,4 b-jets in each)

* Analysis strategy: event reconstruction based on BDT + signal/back.
discrimination

+ Main backgrounds + estimation strategy: main background from ttbar. High
b-jet multiplicity regions: dominated by ttbar+HF

 Main systematic uncertainties: b-tagging uncertainties

e Results:

3.4x108 4.7 x10°
44%x103 4.7 x 103
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t —> H(bb)g

 Key plots:

35.91fb' (13 Te
b3j3 _|

2000 CMS

Events

t Data

T+
P ti+cT
_| M ti+bb

other

[JST(x,,,=1)x3.9
CJST(K,=1)x20

TT(xy,=1)x2.3

TT(x,=1)x1.7
o 15—F— — -
=
.\9 4 . -
T o5 — \ .
o ¢ E] 0 1
Lepton charge
- ' _35.9 fb™ (13Te
& 2500- CMS b3j3- t Data
9 D I
© 20001~ -1 B ttcT
£ 9 I tt+bb
S 1500 = N other
10001 3 1 [JST(x,,=1)x3.9
' H [JST(x,=1)x20
[ | l TT(k,,=1)x2.3
500 b
‘!...' . s . ! TT(Ky=1)x1.7
QO 1.5 * l -
S (SR
©
I 05 1 it 4 r -
e 0 50 100 150 200 250
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DESY.

Events /0.01
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Events /0.07

Data /MC
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v L ——
0.85 0.9 0.95 K
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" Compact Muon Sokeroid

_ i 35.9 fb (13 TeV) _ i 35.9 fb™ (13 TeV.
% 2500- CMS b3j3_| { Data g 10000 CMS b3j4 | { Data
5 I it 5 W it
@ 2000 I'Ij | st & 8000 | Il fEcT
15001 - [l +b6 6000 - [l i+05
1000 -LI other 4000 | other
. [JsTix,,,=1)x3.9 STl ,=1)x
TT(Ky=1)x2.3 2000 TT(Ky=1)X:
H
- st * - [ S —
z s
T . . Y Y T Shas . | e b NN
e -1 05 0 05 1 S 0% 05 0 05 1
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tHq - Multilepton @
ATLAS

EXPERIMENT
Phys. Rev. D 98 (2018) 032002

* Process probed: ttbar with FCNC coupling in decay (dominated by H—> WW¥)
« Analysis basic selection: 2 same-sign (3l) with 24j (=2j) with 1-2 (=1) b-jet
* Analysis strategy: BDT background/signal separation
« BDT signal vs ttbar (i.e. against non-prompt leptons)
« BDT signal vs ttV (i.e. against prompt leptons)
« Both BDTs combined linearly
 Main backgrounds + estimation strategy: NPL and ttV backgrounds.
* Prompt lepton backgrounds from MC

« NPL and charge Q-MisID backgrounds from data (matrix method and
likelihood)
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tHq - Multilepton

DESY.

ATLAS

EXPERIMENT
Phys. Rev. D 98 (2018) 032002

Main systematic uncertainties: data driven statistical uncertainties and
diboson+HF modelling uncertainties

Results:

Key plots:
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tHq - Hbb )

 Process probed: ttbar pair with decay to H(bb)q
« Analysis basic selection: 1-lepton, 24j, =22b-jets
« Analysis strategy:
« Event classification for each jet/b-jet combination

* In each category: FCNC discriminant built from LLH
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tHq - Hbb
ATLAS

 Main backgrounds + estimation strategy: ttbar background (often + HF jets)

EX IME

« Simultaneous PLL fit across all regions with detail NP set for ttbar

 Main systematic uncertainties: ttbar modeling + c-jet mis-tagging
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tHq - Htautau

Process probed: ttbar with FCNC H(tautau) dacay

Analysis basic selection: =2 taus (lep/had decay of a tau)

had-had: tau trigger, 0 leps, q1xq2<0, 23 jets, =1 bjet

lep-had: lep trigger, 1 lep, 21 had tau, g_lep x gtau <0, =23 jets, =21 bjet

Analysis strategy: events classified in =3j and 24j categories

Event reconstruction using a chi2 algorithm

Reconstructed observables used to build BDT back./sig. discriminant
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tHq - Htautau @

L

EXPERIMENT

« Main backgrounds + estimation strategy: fake taus + ttbar + Z(tautau)
« ttbar/Z —> MC with constraints through PLL
« Fake taus: “data driven” template estimated from control region

* Main systematic uncertainties: fake taus modeling uncertainties
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tHq - Hgam-gam @

L

EXPERIMENT

Process probed: ttbar pair with FCNC tqH(gam-gam)
* Analysis basic selection: two tight photons

* Hadronic: 24j, 21 b-jet. 3-body reconstruction and mass conditions on reconstructed
tops.

» Leptonic: 1-lepton, =22 jets, mT(lep,MET) > 30 GeV, 3 body reco and condition on
masses

« Analysis strategy: inspect m(gam-gam) spectrum after selection (had) / event count (lep)
* Main backgrounds + estimation strategy:

* Hadronic: gam-gam+jets —> estimation with fit to data

* Leptonic: ttgam, Wgam-gam, gam-gam+jets —> background calibration to data

« Main systematic uncertainties: analysis stat-limited
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« Results:




tHq - ATLAS Combination

« Combination of all channels
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