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e Latest FCNC results from ATLAS and CMS
* Short description of

e Selection '
 Dominant background sources S
 Analysis strategy Oy

e Dominant uncertainties

* Results T.

e Summary: Where are we?




FCNCs in the Top Sector
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« SM: No FCNC at tree level, very low contributions (GIM suppression)
* Modeling via anomalous couplings in effective Lagrangians
* Easier comparison using branching ratios
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t — ug and t — cg (Single Top)

GEORG-AUGUST-UNIVERSITAT
GOTTINGEN

\

1isolated u
2-3 jets (21 b-tag, 21 veto)
NN for QCD Suppression

g\

/

r
[

WH+jets, tt , single top

—

CMS PAS TOP-14-007

[ Vs =TTeV,5fb~! ]

)

* Several neural

networks:
1. SM t-channel
single top vs.
backgrounds

2. tcg FCNCyvs. SM
3. tuc FCNCvs. SM
* 1D/2D limits on

\ Ko/ A and K /A J

CMS preliminary, Vs =7 TeV, L=5.0 fb’ AN

Compact oon Soeno

T T « Data

— K, /A =004

#Events

— Ko/ A =0.06
I t-chan
[Js-chan
[J tW-chan
oot

I W+light
B Wc

I WQQ

[ W(other)
I Diboson
I Drell-Yan
C1QCD

g

Immmn

0.6 0.8 1.0

.

tcg FCNC BNN
U / & b arxiv:1509.00294 (submitted to EPJC) ‘;\\’
t e/ L
> [ V5 = 8TeV,20.3fh ] = P ERTI e
=~ I FCNC (3.4 pb
g W -.UE’ Il Single gop P
—
v O\\ q>) [ ] t\;V+LF
* Neural Network: H W WiHF
Z+jets, diboson
' g\ *  Softer top p; B Multijet
. i Uncertainty
+ 1lisolated e/u High p; W
* 1b-tagged jet * Charge
. Etmiss and m(W) cut asymmetry:
\_ ) o¢/0f higherin
) FCNC w.r.t. SM 0.2 0.4 0.6 0.8 1
*  WH+jets, single top, tt Q K / NN Output 4
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t — ug and t — cg (Single Top)
CMS PAS TOP-14-007 mS j
3
CMS preliminary,\'s = 7 TeV, L = 5.0 fb T
< 0.05¢ [ 95% CL observed
},0.045 i— [ 68% CL observed
004 e e
s e 0035
e PDF 0.03;
* Signal modeling 0.025—
\- < 002
( \ 0.015 ;__ _____.__........_........_........__h_\\\
* 95% CL observed (expected) limits, other BR set to 0 Th 0.01 2 -
B(t — u+g) <3.55-107*(1.58 - 107%) 0.005
0 I L | | | 1
L Bt —c+g)<3.44-107%(1.05-10?) ) e o e gl
U / C b arxiv:1509.00294 (submitted to EPJC) / @
- E 6///[/ 1"__| ?JIQ_SI IR I I_ EXIRL|MENT
E 16-ATLAS Vs=8TeV, 20.3 b
< 14F -
g W U Sa 12::_\ Excluded region 1
¥ 1 I E
) ! .
* E;™ modeling 8 E
[ ¢ Multijet background modeling ) 6F =
- S 4f. " Qosered -
* 95% CL observed (expected) limits, other BR set to Oth of =10 E
Bt —u+g)<4-107°(3-107°) Qb i, _3x10%
0o 1 2
L Blt—c+g) <17 1077 (15-1077) D Kugt /A [TeV] 5




t — uyand t — cv (Single Top)
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1isolated u,
Jets (max 1 b-tag)
1 high p; photon

miss
ET

Wy+jets, WHjets, tt

<>

v

Data driven
background estimate

[ ——

\

95% CL observed
(expected) limits

B(t — u + ) < 0.0108 (0.0205)%
Bt — c+) < 0.132(0.193)%

S

CMS PAS TOP-14-003

[ Vs =28TeV,19.1fb~ ! ]

o\

Data driven Wy+jets yield N
estimate

via fit of cos(W, )

BDT for signal vs. background
discrimination:

_/

CMS,

\

Compact Muon Scenod

CMS Preliminary, 19.1 fb™', Vs =8 TeV

— T T T T T T
—e— Data

S 180 7] Other

,2 160 I wy

e 140 Bl W+jets

= 120 — Signal(tuy) 1 pb

[:} Uncertainties (Syst® Stat)

+

* Photon p;
*  b-jet p; 1 -08 06 -04 02 0 02 04 o.sc 02(.%‘, ’Y)1
* wp;+5others /
CMS Preliminary, 19.1 fb™, Vs =8 TeV

- 900F&~ ' T T T T

(= —e— Data

; 800 [ other

= I wy

5 700 B W+jets

F‘E 600 Signal(tcy) 1 pb

7] Uncertainties (Syst® Stat)

Q 2 j j ) ]
% 3 s + : I S __+.__,I .................... I ................ —
; 0.6 -0.4 -0.2 0.2 0.4 0.6 0.8
a8 BDT output for tcy
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CMS,

~

CMS PAS TOP-13-017

Compact Muon Scenod

S Y

[ Vs =8TeV,19.7fh~! ]

S AN

[ * WZ (3L), non-prompt leptons (2L), rare SM Q]

K

19.7 o' (8 TeV)

(. g\/ o

* 3or2(same sign of . Considering «

electric charge) 0 WW. 27
iselated leptons (e.u) * Data driver; esti7mate

e Jets
e E.Miss H d of Z — 3¢ and charge- t-» He
T ) Tan maSSCUtS o« . .o . 1 Il Il Il Il Ml PN IS INAT IS NS AT
misidentification 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300

\° Zveto / \ / M, [GeV/c?]

19.7 ib” (8 TeV) 19.7 fb™' (8 TeV)

( %.) T T T ‘ T T T ‘ T ‘ T ‘ T T ‘ T T T % :T TTCMSTT L N T T N T T;;Ié T N L T:

.. . re . Ch MisID 4 O — -

* Electron charge misidentification —19 oS =N0:f2fom':t £ 16E LCMs oot

* Lepton misidentification % B Wz EE 14- e ]

* Background modelin g Il Rare 4 @ 12- Eobsarved ]

\_ g g L%) — t= Hc (BR = 3%) 1 E “— BG uncertainty E

* Data E 10— .

95% CL limit on Exp. Obs. BG uncertainty - sk E

B(t—c+H : ] c . 1

i) dilepton 1 & trilepton -

Trilepton 095% | 1.33% | 1.87% | 1.26% 3 al 1
Same Sign Dilepton | 0.68% | 0.93% | 1.26% | 0.99 % 3 of
Combined 0.65% | 0.89% | 1.22% | 0.93 % C

0 0 0 0 100 200 300 400 500 600  Or==ry ot s T e 800

H; [GeV] H, [GeV]
Also: 95% CL limit of B(t — c+ H) < 1.3%(1.2%) in PRD 90 (2014) 032006 (multilepton final states) 7
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CMS PAS TOP-14-019 i
,«E’/is
\

19.7 fb™ (8TeV)
RN EAEE

[ Vs =28TeV,19.7fb* ]

3 12 ous ]

(O] - Preliminary hadronic channel
/ Q S 10} gie;ﬁalnotal background fit {
* Non-resonant di-photon I — Non-resonant M., background |
o) background shape from data: L%’ 8; ]
* 22 photons g fitted by function with lowest 61 .
* Had: 24 jets, 1 b-tag bias on test data j ]
* Lep: lisolated e/u, 22 jets, 1 b-tag +  Max. likelihood fit incl. Hc and 1
\' Top mass cuts ) Hu 2k -
i By

[

‘ _ - 00" 110”120 130 140150 160 170 180
. * Non-resonant di-photon BG, ttH q M,, [GeV]
JHEP 1406 (2014) 008 @

\/§:7TGV 47fb—1 EXPEI!TMENT

Vs =8TeV,20.3fb~!
( : &3 ' amas epam ]
A * Non-resonant di-photon bkg. ~“& o 25;‘ﬁ=ﬂevyfm=20_m‘ [JSHERPA v nom. o data 3
« 2 photons g shape from data: fitted by R SN e E
* Had: 24 jets, 21 b-tag, top mass cuts function with lowest bias on 15[ Hadronic Selecon E
* Lep: lisolated e/u, 22 jets, 21 b-tag, smoothened Sherpa yyj events na E
m;(W) and top mass cuts * Lep:only8TeV £ # E

\_ J *  Max. likelihood fit of combined :

( ) _ Hc and Hu (Lep: event counting) o0 T10 720 180 140 150 1:60
* Non-resonant di-photon BG,ttH q \ J m, [GeV] @
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CMS PAS TOP-14-019

TG
—
19.7 b 8TeV)
_I T T T T T T T T T
(@) - CMS hzadron|c+iepton|c channels -
E,o\° Preliminary -- observed
o 10 ---expected g
® H1o ]
E i (20 1
- _ _ . -l?
* tt and tt H modeling, photon 1D ©
. ) u 1
a ~ s 0 TR
Ry
[75]
* 95% CL observed (expected) limits
Bt —u+ H) < 0.42% (0.65 %) 107" ="02""04 06 08 1 12 14
B (t = cH) [%
 B(t = c+ H) < 047%(0.71%) (t = o) %]
JHEP 06 (2014) 008 @
2 16'—I ATI Ae | 'enpamzotte2012 3 EXPE'!TMENT
(O] C ':ZLA.SS lecti — Sig.+SM Higgs+continuum bkg. flt
$ 14__ aaronic selection (m =125.5 GeV)
i) e SM Higgs+continuum bkg.
5 12 C --- Continuum bkg.
> - -
w 10: det=20.3fb’1,\/s=8TeV ]
( - - R — - det: 471" Vs=7Tev 7
* tt and tt H modeling, photon ID 8- E
61 =
( \ 4__ LR D _:
* 95% CL observed (expected) limits 2;— —;
C. | P ST ST SR SR | PRI L N
B(t — H +q) <0.79% (0.51 %) P00~ 110 120 130 140 _ 150 160

\ ) m,, [GeV] 9
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CMS,

* 3isolated e,u
e 2-3jets, 1-2 b-tags
*  E;™ssand %2 cut (from masses)

. HUIWZtZ >

. v

regions

CL; limits from the yields
Limit from ¢t — Z 4 ¢ signal
(more conservative

than t - Z 4+ u )

/

(6]
T

80 120 160

Leading lepton P, [GeV]

— i
/ Phys. Rev. Lett. 112 (2014) 171802 j
3
¢/ 1 7 —
[ Vs =8TeV,19.7fb~ ]
‘ S [ OMS soa ey o ]
_ O\ S [ Lu=197107 [izq@-01% |
V \ g 8; -tf _|
A\ Data driven background estimation ‘% I : : =ILVZV tfz
. by yield comparison in b-tag bins o
¢ Slshissey 0: Diboson, 1: FCNC, 2: # + X
+ 2 jets, 1 b-tag (0: .| gson, . )2 tt+ X)
«  E,™s and mass cuts CL |II’T-1ItS from "che yields
Combination with 7 TeV result
\_ J
. HIWZ tt ) / m,, (GeV)
7 arXiv:1508.05796 (submitted to EPJC) , L’(?)
, o ¢ ATLAS
[ Vs =8TeV,20.3fb " ] G O ATLAS » cain EXPERIMENT
i 8 8-(s=8TeV, 203" ;;ina,mo} ]
O\ EJ 75 Control region =‘f::'e’3’
— tt
v Backgrounds from simulation, ~& |" & B rake leptons |
validated in dedicated control g )stat. uncertainty -

10
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/¢ Phys. Rev. Lett. 112 (2014) 171802 |
e —_ 350? T T T \. LA L B ) L B B B T ] \
3 | CM3 (s=8TeV.. .7
S [L,=19.7 bl 1
¢ 2300 " .
=70 . ]
% g I . .
250 ., . 71 3 BGevents
* Background: b-tagging bttt i . . 1 expected,
 Signal: renormalization/factorization 200 iU . -4 1 observed
scale, PDF i fo ]
“ 150;. ., . . L
95% CL limiton t — Z + ¢ -0 Exp. +0 (0] 1 r ]
8 TeV 0.06% | 0.10% | 0.13% | 0.06% . T
R0 150 200 250 300 350
7 TeV + 8 TeV 0.06% | 0.09% | 0.13% | 0.05% my; (GeV)

arXiv:1508.05796 (submitted to EPJC)

~ S S
Events / 8 GeV

X

* Background (dominating): modeling
* Signal: b-tagging
* Both: Jet energy scale

95% CL limiton t — Z + ¢

8 TeV 0.08% | 0.12% | 0.07 %

l 0.06 %

54\\‘\\\‘\\\
- ATLAS

\\\‘\\\‘\\\‘\\\‘L
e data N

i 4 tt— quZsignal:
;\/E =8 TeV, 20.3fb - wz

4 I Il other 31 B
I v
i - fake leptons i
8 - stat. uncertainty |
2 [ —

L ‘
200

L1l ‘ 111 Ll ‘ \7
240 280
My [GeV]

120

11
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* FCNC: Complex final states with tough background modeling
 Still far above SM prediction, but BSM sensitivity close
* Limited by signal and background modeling
* No sign of deviations from the SM yet

95% CL exclusion limits

c 1F 5 5 5 5 :
mn10 ' g g g g B ATLAS
10° 5 B CMS
0% — o
1077 [' : : Warped
— S : : : : Extra Dimensions
9 : I : I :
10 a 5 2HDM (FV)
10-1E :
- 5 i i —— 2HDM (FC)
10—13 [ .
— _— : s MSSM
== : : - (1 TeV Squarks)
10—15 | : : :
- . . i : : _ R Parity
10_17 i , , i —— i i violating MSSM
t—-gu t—gc t—=yu t—yc t—-Hu t—Hc t—2Zq
SM: Acta Phys.Polon., B35:2695-2710, 2004, hep-ph/0409342
BSM: Summary/extrapolation from arXiv:1311.2028, see appendix for references used therein 12
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CMS PAS TOP-14-007

* 1lisolated nu

* NN for QCD Suppression

* 2-3jets, p;>30GeV, 1 b-tag, 1 veto

CMS,
—~

[~
\

Compact oon Soeno

\\\\

* FCNC via CompHEP + eff. NLO ext. Process Basic selection | QCD BNN > 0.7 | Cross section
o CMS preliminary, Vs=7TeV, L =50 fb" L CMS preliminary, Vs=7 TeV, L=‘5.0 ! | s-channel 373. 3+%gg 302. 2+ﬁ)é 4 63t8%8 pb
o i i g, tW-channel | 2079.071203 1753411303 15.747745 pb
T[S j: : E| SR 20750.177755 17593.750% 172.0752 pb
E| = . . Imvan | | Weets 15286.14£761.2 | 12083.24601.7 | 313141558 pb
: E " i mvoo Diboson 378.4+13.6 300.8+10.9 67.1+1.7 pb
g | oo monw | | Drell-Yan 1601.7487.1 704.0+38.3 4998-:272 pb
§ e ECRERS Bew " | | QCD 7338.1 740.5
E T — == E ] +222.5 +181.8 +2
g o g o t-channel 5563.177¢179 4545.5" 5,5 64.573-28 pb
5] t , NI L ze R T S T T R TE : : F11253 F9215
E m“mu“ﬁ VLA A - o TSR I A L ) Simulation 53369.9" 15105 38023.3" 9567
B R i Data 56145 40681
QCD BNN My(W)
U,/C t b arxiv:1509.00294 (submitted to EPJC) \L\/
e/
> ILL (. 1isolated e/u (p; > 25 GeV) EXPERIMENT
* Add. ¢ dep. p; cut on lepton .
1%,% ¢ dep. pr eno g *  Assuming NLO orcne and
g * 1b-tagged jet (¢ = 50%), p; > 30 GeV Bt — W) = 1 for K, /A derivation
]/ . ETmiss > 30 GeV — - ugt
FCNC via METOP (NLO) Left handed tops \.*__Mx(W) > 50 GeV 5 05
0.3 T © [ Signal region
S | ATLAS Simuiation | § -2 ATLAS Simulation & [ ATLAS Simllation | £ 04 —FCNC
g 0.25 Signal region 1 ° r Signal region S 0.2 Signal region b € r )
g L —FCNC S0.15 18 [ o ost 7 Single top
‘qc: 0'2, ----- Singletop | € [ €0.15F 1 T it
> Q i Q fen r
@015 o 0.1.. 18 of | 02" —-W+HF
0.1 o e
0.05- = 0.05¢: 1 005 i 01 b
% f0 200 00 400 O 150 % k

m+(top) [GeV]
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CMS,/!
>

§

t — wyand t — cvy (Single Top)

b CMS PAS TOP-14-003
\

/1/ ) 1T
e 1lisolated u (p; > 26 GeV) 5\
AR(w,y)>0.7, AR(b-jet,y)>0.7

E,™iss > 30 GeV

Jets w. p; > 30 GeV, max 1 b-tag
\_* 130GeV<m,, <220 GeV Y,

=~

1 high p; photon > 50 GeV

* tuy, tcy signal via PROTOS (LO)

Exp. limit (LO) | Obs. limit (LO) | Exp. limit (NLO) | Obs. limit (NLO)
Oy X Br(W — L) | 0.0404 pb 0.0234 pb 0.0408 pb 0.0217 pb
Otey X Br(W = Iy;) | 0.0411 pb 0.0281 pb 0.0410 pb 0.0279 pb
Kt 0.0367 0.0279 0.0315 0.0229
Kicy 0.113 0.094 0.0790 0.0652
Br(t — uy) 0.0279% 0.0161% 0.0205% 0.0108%
Br(t — cv) 0.261% 0.182% 0.193% 0.132%

16
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CMS/!
CMS PAS TOP-13-017 ‘\\ 5
jb\\ ~
. Signal via Pythia6 process trilepton 7 removal > 2 jets
Rare 380.4 £ 11.9 54.3 + 2.1 19.6 =14
( 3 o @ WZ — 3lv 1451.9 4+ 93.4 1170 £ 76 | 15.8 = 1.1
. or 2 (same sign) isol. leptons (e,u),
p; > 20 GeV (1st), > 10 GeV (2nd and 3rd) Non—prompt 613.4 + 97.3 148.8 + 25.7 49.4 + 9.0
+ lJetp,;>30GeV BG 2598.3 + 135.5 | 339.4 + 27.0 | 86.2 + 9.3
* 2Ling>2, [m, - my| >15GeV, Observed 2555 309 79
E;m¢ > 40 GeV, [E;™, Hy] cuts FCNH - WW 279 + 1.9 210 £+ 15 | 144+ 1.1
* 3L |y, - Myl > 15 GeV, FCNH — 771 9.1 £ 0.6 6.4+04 | 4.4+0.3
\_ |Mu-mg|>10GeViorm, >40GeV )\ pong 7z 2.9 + 0.2 0.5+ 0.0 | 0.4+0.0
| process || same-sign dilepton | 7 removal | > 2 jets | MET-dependendent HT |
Rare 512.3 £ 12.9 495.6 £+ 12.5 225.5 £ 9.7 128.1 &+ 6.4
WZ — 3lv 1080.1 £ 68.4 1041.9 £ 66.0 242.2 £ 154 83.9 £ 54
Charge MisID 4407.3 + 881.7 521.1 £ 104.3 101.6 &+ 20.3 32.1 £64
Non-prompt 10644.2 + 1574.7 | 10493.7 £ 1568.4 | 1561.4 £+ 248.9 409.8 + 72.3
BG 16643.9 + 1806.3 | 12552.3 4+ 1573.5 | 2130.7 £ 250.6 654.3 £ 73.1
Observed 16790 12686 2032 631
FCNH —- WW 307.8 + 19.2 2954 + 18.4 246.2 £ 154 112.2 £ 7.1
FCNH — 11 82.0 £ 5.1 79.4 + 4.9 65.0 £ 4.0 30.8 1.9
FCNH — ZZ 3.4+ 0.2 3.2 +0.2 2.9 +0.2 1.1 £0.1

17
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* FCNCsignal via
Madgraph+Pythia

CMS PAS TOP-14-019

* 22 photons, (p%; >33 GeV, p% > 25 GeV,

pl; /mw >1/3, pi; /mW >1/3)

*  Had: 24 jets (p; > 20 GeV), 1 b-tag (¢=66%)
* Lep:1liso.e/u(p;>20GeV), 22 jets, 1 b-tag
* 158 <m," <202 GeV, 142 < m°M < 222 GeV

hadronic channel [ leptonic channel

g source of the systematic uncertainty

Effect on signal yield [%]

integrated luminosity

pileup

trigger efficiency

photon identification efficiency
electron identification efficiency
muon identification efficiency
tf cross section

PDF for signal kinematics

tf pr reweighting

branching fraction B (H — y7)
jet identification efficiency

| Hadronic channel | Leptonic channel |

jet energy correction

Data

29

8

jet energy resolution
b tagging efficiency

26
03 | 08
1
52
03
%
57
5.9 5.2
14 ’ 3.2
5
2
12 1.0
27 0.4
2.9 35

Resonant diphoton background

0.152 £+ 0.021 (stat.)

0.038 & 0.008 (stat.)

per photon [%]

photon energy scale

Non-resonant diphoton background 28.9 + 5.4 (stat.) 8.0 & 2.8 (stat.) photon energy resolution o ‘ 0.1
expected signal yields for B (t — cH) = 1% | 6.26 £0.07 (stat.) | 1.91 & 0.04 (stat.) oo e sl eneantos o odeling ot
expected signal yields for B (t =+ uH) =1% | 7.09 £ 0.08 (stat.) 2.02 + 0.04 (stat.) ‘ ' _ Effect on background estimation [%]
production cross section PDF for SM Higgs background 8.1
production cross section scale for SM Higgs background 9.3
JHEP 06 (2014) 008 @
>2 photons, (p!; > 40 GeV, p%; > 30 GeV) R | Sclection Hadronic | Lo LA
Had: >4 jets (pT >20 GEV), >1 b-tag (8=70%) Ce.ntre of mass energy | 7 TeV 8 TeV | 8 TeV
156 < m," < 191 GeV, 130 < mM < 210 GeV Ehgg ;ﬁﬁy igz IZZ igi
. . ton i tificati . . .
Lep: 1 iso. e/u (p; > 15/10 GeV), 22 jets, 1 b-tag, oron denmmertion
Photon isolation +3.0 +1.0
. . m(W) > 30 GeV Jet Seal 1rgq  +74 +3.2
* FCNCsignal via \_ 156 <m," <191 GeV, 135 < m;M < 205 GeV )| ot Foneray Scale N
PrOtOS+Pythia Jet Energy Reso?ution +0.2 +0.2
t 5 cH (%) Data (events) Jet Ve.rtex Fraction +1.0 +1.0
Tev 3 TeV 7 Tev 8 TeV b-tagging +3.5  £4.8 +5.2
7 Te ¢ c © Lepton reco./ID /scale — — +0.6
v selection 34.5 34.2 23683 118500 ‘ 14
BT scale — — o
Niets > 4 15.2 15.1 227 1349
. ISR/FSR o 5o
Mass requirements 5.9 6.1 36 210 : :
Underlying event +3.5 +1.8
At least 1 b-ta; 4.24+0.1 4.040.1 7 43
& Combined uncertainty ﬂgé ﬂlfsl J_r%pl‘ﬁ 18
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/ * FCNC signal via Madgraph Y
itht— Z+4/c(50/50 -
/ with +u/e(50/50) Source Uncertainty %
Renormalization /factorization scales 12
U Parton distribution functions 7
tt cross section 7
Process Estimation from data MC prediction Parton match.mg threshold 6
t— Zq (B = 0.1%) 64+01L13 Lepton selection 6
WZ 09+01+03 Trigger efficiency 5
Drell-Yan < 10 1 Top-quark mass 4
tt 0755, £12
tiz 11401408 Jet energy scale 4
W 17+08+04 01+01+01 Missing transverse energy resolution 3
tbZ 0.3+0.1+0.2 Pileup modeling 3
Total background 31£0.8+08 32+12+£15 Total 20

Observed events
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* FCNCsignal via PROTOS
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v
Source Background [%] Signal [%]
Background modelling 17 —
Signal modelling — 5.5
Leptons 4.7 2.9
Jets 7.7 4.9
b-tagging 3.9 7.2
Egrniss 3.2 1.5
Luminosity 24 2.8
Statistical 8.1 1.5

Sample Yields

WZ 1.3+£0.24+0.6

ttV 1.5+£0.1£0.5

tZ 1.0£0.1£0.5

Fake leptons 0.7+£03+04

Other backgrounds 0.24+0.1+0.1

Total background 4.7+04+£1.0

Data 3

Signal efficiency [x10~%] 7.8 +£0.1 £0.8 19




