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Introduction

* Standard Model: the only fundamental process that changes fermion flavor
iIs W emission/absorption (charged currents).

— Interactions of y/g/Z/H (neutral currents) are flavor-diagonal.

— further, CKM unitarity — flavor-changing neutral currents in loops with Ws are highly
suppressed (GIM mechanism).

* There is no reason additional degrees of freedom from BSM models need to
respect the SM flavor structure

— suppressed FCNC sets strong constraints on BSM!

*  With large sample of top quarks at LHC, able to directly probe FCNC
interactions of top:t—qy,t—qg,t — qZ,t — qH

SM B(t — cH) ~ 3 x 105
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tqH interactions beyond the SM

* Tree-level vertices in more complex Higgs sectors

t C
- misalignment of multiple Yukawa coupling matrices \/

— generic unless symmetries imposed

|
- “Cheng-Sher ansatz”: 2mymy :
off-diagonal Yukawa coupling At = ” H
* Loop-induced effective vertices, e.g. MSSM t

Multiple conventions for coupling normalizations;
typically compare t — Hq branching fractions
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BR In various models

Table 1-7. SM and new physics model predictions for branching ratios of top FCNC decays. The SM
predictions are taken from [119], on 2HDM with flavor violating Yukawa couplings [119, 120] (2HDM (FV)
column), the 2HDM flavor conserving (FC) case from [121], the MSSM with 1TeV squarks and gluinos
from [122], the MSSM for the R-parity violating case from [123, 124], and warped extra dimensions (RS)

from [125, 126] .
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Searching for tqH FCNC at the LHC

W
« m >m,+m:top quark can decay to qH. ; 3 ﬁ ,
Top pairs produced copiously at LHC — search fort — qH ,
decays. g TOOOOO—>——~—— g
t RN
— Cheng-Sher ansatz: B(t — cH) ~ 0.15% SOH

~ 90k events in 36 fb*

U ----H

* tgH vertex can induce anomalous pp — tH production

— most relevant for tuH, due to proton having valence u.
— g o000 —">— ¢
— proton has more u than u — charge asymmetry!

- no associated b (unlike SM tH); valence on glue — high u .H
longitudinal momentum u g
g t
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Top pair vs single top @ LHC

pp — tt, t/t — Hq

| tuH single top

pp—th,th,thq,thq
o horm. to B(t = gH) = 29%
\ = 100
=
=2
SMtH: 92 fb &
SM ttH: 507 fb g 10 | ih - .= -
= ug2t- - -~
& - - ,7[} ="
St CO”'[!l C.g’ -
T8 9 10 11 12 13 1a
s [TeV]

* Single top cross section only appreciable for ug — tH

— scales with t — uH branching fraction

* tH production can give an additional handle on tuH coupling
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tuH single antitop
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| tcH single top/antitop

Greljo, Kamernik, Kopp,
JHEP 07(2014) 046
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» “Standard” channels for searches set by 15'b5""""'""[""""""""éé
Higgs decays "
101298 3

-

v narrow peak, full top reconstruction
X small branching fraction

- Dbb:
v wide peak, full top reconstruction, high rate
X combinatorics, hard backgrounds
- multilepton (WW, 171, Z2): O TN T T T T T IO
\/ 120 121 122 123 124 125 126 127 128 129 130
reasonable rate, small backgrounds M, [GeV]
X no full reconstruction

Higgs BR + Total Uncert

L up

All channels exploited by both ATLAS & CMS @ 8 TeV
* Reject ttH production: Combined results (95% CL):
, CMS: B(t — Hu) < 0.55%, B(t — Hc) < 0.40%
~ only one b-jet from top decay! ATLAS:  B(t — Hu) < 0.45%, B(t — Hc) < 0.46%
- lower overall jet multiplicity [JHEP 02(2017) 079, JHEP 12(2015) 061]
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Diphoton

* Look for events pp — tt — (yyq)(Wb)

- Narrow H — yy peak : challenge is not Higgs finding, but rather exclusion of SM
Higgs production mechanisms

- Both W — qq (hadronic) and W — Iv (leptonic) final states considered. Full
reconstruction of event possible (in leptonic case, using W mass constraint for MET)

e 13 TeV ATLAS result JHEP 10(2017) 129
hadronic category leptonic category
>200_""]""I""I""]""“"I""I""I""l""— > 80:""I""I""I """""" [FEARMEENENERARERERASY = I e N [ T T T T e
8 g0 ATLAS s=13TeV,36.1 1" ] 8 b ATLAS s=13TeV,36.1 10" 3 & g ATLAS fs=13TeV,36.1 1" 3
0 E : : . : 7 o m ) i ; m E i i e Dat =
5 1605— I-.Iaero;:selectlon —5 % 603— m(l_l_l) | Tad;);:selectlon —f g 7;_Leptomc.s?ectlon _tiaCH(W)B=1% _;
£ 140 m( ) E — t>cH(yy)B=5% 2 F § § ——tocH(yy)B=2% J s m G V) _ SHERPA 1] (scaled) 3
h 120 YW SHERPA YYj (scaled) T c 50 : H SHERPA Y] (scaled) — e F : : Wy + Zyy
E : | -y 1 weoE s a -ty E e e : Ity =
100 : = 40F- : s l { = : a E
2 i H 7 4= : =
80F- = 30E- ” * o = g E
60F = i § * + - i § E
40E- - i i TE °F : E
20 $ 105 } E 1 =
E ) : E K : E E =
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m,,;[GeV] my; [GeV] m;, [GeV]
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Diphoton

> L L R e RS I A > 40__|vv|||||v||||||vv|||||vv‘|—|1|
8 14— ATLAS Vs=13TeV, 36.1 b’ 8 E ATLAS Vs =13 TeV, 36.1 fb
S e Data N 3B e Data
e Continuum bkg. E ZBeauha )i e i S o st Continuum bkg.
o o - o = L + SM Higgs e E [T (BN I + SM Higgs
w B w 25

+t— cH(yy) — +t—cH(yy)

20
15
10

ponaloivolonnlonsussvuannallingl

10y | o oo oy e

(&)

Hadronicl category 1 : |
?00 110 120 130 140

. 'ftl',o""' % {Hadronicicalegory i f- s H e p e B(t — CH) < 022% (016% eXp)
e TS TR T e e e LR B(t — uH) < 0.24% (0.17% exp)

my, [GeV]
= et e e e e e £ 57'*'l""l""l“{_'"l""l"'f
B g = Af! 3 S g = ,36.117 3
Q 4'55_'I_4e;-tl:r‘1‘icscategory1 5 13.Te|;/;:61fb = ,\te 4'5?fe;iﬁfcategory2 ; 13.Te[\)2 :61 b = @ 95% C.L.
§ 4 ? ----- Continuum bkg. ; E’ 4 g_ ----- Continuum bkg. g
& 3.5:_ ________ +SM Higgs E i} a5E Al R +SMHiggs E
E — +t > cH(yy) E = — +t—>cH(yy) E
3E- = SE E
255 = 25F =
o ’ £ 2t -
1.5F 3 155 =
e E e | E JHEP 10(2017) 129
0.52 ; 0.52— —
Q0 "T10 120 130 140 750 160 Q0 "o 720 930 140 150 160
my, [GeV] my, [GeV]
good SM top reco fail SM top reco CMS 8 TeV:
B(t - qH)<0.42-0.47%
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° i - : __ 359 fkl)" (13 TeV)
t — {vb events considered 2 ol o | 1 o
* 13 TeV CMS result: consider both top decay and i

other
[ ST(xy,=1)x3.9
[ ST(x=1)x20

single top production arxiv:1712.02399

- ratio between the two is fixed o
* signal regions: 3 or >4 jets ® 2, 3, 4 b-tags o s Bt
— most sensitive regions are those with 3 b-tags § X " a
- 4 b-tag region recovers some sensitivity for t — Hc 35.;:2"(”1;“?;95)
(charm frequently tagged as b) gmo e ' paig | 4 tEt)altfa
* use BDT to choose best assignment of §woo :Egﬁ;
reconstructed objects to Higgs, top decay, then Zzz e - FH :Dm o
use another BDT to separate FCNC signal from ool RSN | TST(x,,-1)x20
backgrounds 200 T ke
:EJ\E 151}%&\\&\\%\\\\\\\%\&\&\&\%&&\\\\\#
CEE o se e e
b jet CSVv2 discriminant
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H— bb

e 20% improvement in tuH limit by considering tH production

35.9fb™! (13 TeV)

359 fb'1| (13 TeV)

CcMS Hut
ki 95% CL upper limits —

Median expected
I 68% expected

95% expected
= Observed

b2j3  b2j4 b33 b3j4  comb

o [pb]

20

15

10

arxiv:1712.02399

35.9 fo! (13 TeV)

CMS Hct
= 95% CL upper limits —

i Median expected
I 68% expected

95% expected
= Observed

b2j3 Db2j4 b33 b3j4 Db4jd comb

@ 95% C.L.

B(t = uH) < 0.47% (0.34% exp)
B(t — cH) < 0.47% (0.44% exp)
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ATLAS 8 TeV:
B(t— qH) < 0.56-0.61%
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Multilepton

Higgs decay fractions
ATLAS Simulation e H- Wwr

* Two same sign leptons or three leptons (lepton = e or y)

S {5 =13 TeV —e
- targett— fvb, H > WW — fvqq or ¢v{v (also contributions — H: =t
from H — 171, Z7) 2¢SS

e 13 TeV ATLAS result: uses the same SRs as ttH search

- two same sign leptons + > 4 jets

_ _ Backgrounds
— tt production with non-prompt lepton from b hadron decay ATLAS Simulaon  [JtfW @iz

. (s =13 TeV, 36.1 o' [ttH [ Diboson
— 1tV production [ Non-prompt []Other

2¢SS (526 events) 3¢ (276 events)

¢ ¢

arxiv:1805.03483
- three leptons + > 2 jets

* BDTs to separate FCNC signal from main backgrounds:
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ATLAS Multilepton

* FCNC signal contaminates regions used for data-driven non- CR CR

prompt lepton estimates! 21 low #jet
loose leptons

2¢

— tell fit how normalization, shape of non-prompt bkg change with
nonzero signal CR

« B(t— gH) < 0.16-0.19% @ 95% CL arxiv:1805.03483 2 high #jet

loose leptons

c T T c S ERRERERSREEEREEEEES
° [ ATLAS . ItI)ataH : -%;Hu ] 5 [ ATLAS . tDataH i -i?;)VHu il
P L Vs-13Tev, 361 fp > H" O @ L Vs=13Tev,36.1 0" 212 He " O i .
2 mtz mtH £ [ 174 mitH t I
g i 2¢8S (t - Hu) [@Diboson  [@Non-prompt _| g 1 gl 3¢ (t— Hu) [@Diboson  [ENon-prompt _ | promp Slgna
o 10 F Post-it []Other 7//Uncertainty 3 o 10 E Postit []Other 7/, Uncertainty J

o --- Pre-fit bkg. ] C --- Pre-fit bkg. ]

*: normalised to obs. limiton B - F *: normalised to obs. limiton B |:| n On_prompt

U E R B | L5 e B U L LR R R BU R
ATLAS Vs =13 TeV, 36.1 fb™"

t — Hu BDTs 2£SS t - Hu B Expected +10
----- Expected +2¢
S 3¢t— Hu

— Observed

‘é 1.253 5 Combinedt— Hu
& T e
< : S 0.
507 b 2¢8S t - He
1 -08-06-04-02 0 02 04 06 08 1 1 -08-06-04-02 0 02 04 06 08 1
FCNC discriminant FCNC discriminant S b
Combined t - Hc
. v N B I T B
CMS 8 TeV: OOl 020l 4 05 0e 0 06
B(t — qH) S 0.86 - 0.93% 95% CL limit on B(t — Hq) [%]
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Summary

» Search for off-flavor-diagonal top-Higgs ATLAS+CMS Preliminary May 2018
. . . LHCtopWG
couplings now able to exclude couplingsina %R(t_) Ho) _ Exnimi assumesrtaavrproosses aro o BR(t—> 1)
phenomenologically interesting range Y o = ; 3
i . g 8 TEVATRON _fg
* First results of 13 TeV searches becoming i
available R :
13
— combinations of channels will give best limits 10
* Multiple Higgs decay channels used, with ! i F““*“““*"‘F“*””
wide range of different backgrounds + . .
systematic sensitivities al = %
10°F 3
* Exciting future ahead! 5107 i is
Lok 1L
% w PN ISR SR ETTTT SR ETTIT M ryerm| ””“é%
s Loalls [ttt ot T o LB (o 8 o Tyl
BR(t— Hc) BR(t— yc)
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ATLAS diphoton: acceptance, resonant bkg

Selection Hadronic Leptonic
Category 1 2 1 2
Signal t — cH
Acceptance with stat. unc. [%] | 2.89 & 0.10 4.15+£0.12 | 0.96 +0.03 0.27 = 0.02
_ +0.64 +0.91 +0.21 +0.07
Expected events for B = 0.2% 7'85—0.67 11'30—0.96 2.60_0_23 0.7’1_0_07
SM Higgs boson resonant background
+0.09 +0.25 +0.02 +0.02
E_xpected events 1.17’_0_11 3.27_0_27 0.26_0.03 0.23_0_02
ttH fraction 90% 68% 92% T7%
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