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Outline

Flavour changing
ttH production : direct probe tHq production : probing the neutral current
of top Yukawa coupling sign of top Yukawa coupling (FCNC) tH coupling
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ttH production at 13 TeV
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Summary of Run |
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. LHC 8 TeV: observation
| IR o H at 4.40 (2.00 expected)
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Searches for ttH production

ttH,H—bb: 58.1%
High cross section x BR, but multi-jet background
ATLAS : 2015 + 2016 data
CMS : 2015 data

WW

ttH,H—vyy : 0.23% 7z 3
Clean signature thanks to excellent mass
resolution, but small branching ratio
ATLAS : 2015 + 2016 data

CMS : 2015, 2016 data
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ttH multilepton : HHWW (21.5%), H2ZZ (2.6%) 0
and H— 17 (6.3%)
H->WW, H—=>ZZ semi-leptonic and leptonic decays gl thol s oo sl N

Lower rate than H—bb, low background final state M, [GeV]
ATLAS : 2015 + 2016 data
CMS : 2015 + 2016 data
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ATLAS ttH,H—bb

ATLAS-CONF-2016-080

Signal region targeting lepton+jets and dileptons
- |+jets: =1 lepton, >4 jets, >3 b-tag

- 2l: 2 opposite sign lepton, >3 jets, >3 b-tag

- Categorize events in number of jets and b-jets
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ATLAS Simulation Preliminary Dﬁ + light th +>1c .tf +>1b ATLAS Simulation Preliminary Dﬁ + light th +>1c .ﬁ +>1b
\s=13TeV I.ﬁ v DN i \s=13TeV - -
Single Lepton * on- Dilepton Clit+v  [Non-

4j,2b 4j,3b 4j,24b 3j,2b 3j,3b

>

5i,2b 5i,3b 5j,>4b _ ,
>4j,2b >24j,3b

3
o A

>6],2b >6},3b

ttbar + =1b: major background in signal
regions

HT distribution used to normalise
backgrounds in control regions
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Analysis strategy: two-step multivariate

ATLAS ttH,H—bb

technique

All regions included in final likelihood fit

Events /0.2

Ratio to Bkgd.

Reconstruction BDT : Match reconstructed jets to

Higgs and top quark jets

NN/BDT output : includes previous BDT +

kine

10°

10°

10*

10°

102

matic variables

T I T T T T | T T T T
ATLAS Preliminary -4- Data

C \s=13TeV, 132" H (1, =4.0)
B tH (1 =2.1)
[]Background

7, Bkgd. Unc.
---- Bkgd. (u=0 fit)

L0 YR 1) AL L L I AL N L —
S C ATLAS Simulation Preliminary 7
o 0.14fF s =13TeV 3
© C Di-lepton .
§ 012 >4j,>4b 3
g 0.1 []1iH, all events -
L C N .
C [ ttH, Higgs boson 4
0.08 :_ correctly matched _:
0.06 —+t 4
0.04 — -
0.02 L — —
O: . Lo ol nnn ol R T e

0 50 100 150 200 250 300
Higgs mass [GeV]

ATLAS Preliminary ttH (bB), \s=13TeV, 13.2 fb™
LA BN BN B B B BN BN B B

— Tot.
Stat.
Tot. ( Stat. Syst. )
) 4.6 +29 , +1.4 +26
Dilepton ——e— . -2.3( -1.3 -1.9 )

ttH (bb) Combined
Dilepton and Single Lepton

Post-fit

I IIII[III I I]IIIIII T IIIIIIII T IIIIIII|

lé ||_+T: .’Illllll | IlIIIIII | IIIIIII| | IIIIlII| |

35 3 25 2 45 4 05
Iogm(S/B)

1 +1.1 +0.5 + IO
(
.6 .I 1

Single Lepton| e -0.5 -0.9)

| ren 21 t;:3‘< a3 3)
0 2 4 6 8 10 12 14 16 18
Best fit u = 6™/c for m, = 125 GeV
Theory uncertainties on ttbar + =1b is
Ap~0.5, already dominates the measurement




CMS ttH,H—bb

et
CMS HIG-16-004 . v Su

b

Analysis targeting lepton+jets and dileptons b

- |4jets: =1 lepton, >4 jets, >3 b-tag (4] 2b not in the fit) 9 q

- Includes boosted jets for the first time (fat jet substructure) g

- 2l: 2 opposite sign lepton, >3 jets, >2 b-tag b

CMS simulation - dilepton Mass resolution ~10%, jet

3 jets, 2 b-tags 3 jets, 3 b-tags > 4 jets, 2 b-tags >4 jets, 3 b-tags CombinatoriCS: use multivariate

methods in jet/b-jet categories
- BDT
- Matrix Element Method (MEM)

S/B=0.000, S/\B=0.026 S/B=0.005, S/\B=0.047 S/B=0.003, S/\B=0.148 S/B=0.014, S/\B=0.223
>4 jets, > 4 b-tags
I CMS simulation - lepton+jets
tt+cc B ttcc > 6 jets, 2 b-tags 4 jets, 3 b-tags 5 jets, 3 b-tags > 6 jets, 3 b-tags
- tt+b o o tholf
B it-2b
Bl t-ob
tt+bb - EWK
B
S/B=0.046, S/\B=0.221 - >
S/B=0.004, S/\B=0.324 S/B=0.003, S/\B=0.137 S/B=0.006, S/AB=0.252 S/B=0.011, S/\B=0.430
4 jets, 4 b-tags 5 jets, > 4 b-tags > 6 jet, > 4 b-tags Boosted
tt+cc. tt+cc

7n+

e tt+2b
S/B=0.016, S/IB=0.121 S/B=0.028, S/\B=0.275 S/B=0.035, S/\B=0.456 S/B=0.019, S/\B=0.204




Number of Events

data/MC

CMS ttH,H—bb

CMS HIG-16-004

CMS Preliminary 2.7 o (13 TeV) CMS Preiiminary 2.7 " (13 TeV)
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Pt \ ’
05 R / S e | ; |
L. . L . " " 1 . .‘ 7 . . . ) N R S W——
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BDT (incl. MEM) discriminant BDT discriminant
. = Dilepton »
More data IS Channel Best-fit g Observed UL  Expected UL
needed for an Leptondjets —0.4+21 40 41418 -
observation at Dilepton  —47°33 5.2 77538 j
Combined —
ATI_AS or CMS ICombined —-2.0*18 I 2.6 36716
1 1 1 1 | 1 L 1 Il I i Il 1 Il I
-10 -5 0 5

8 Best fit i = o/c__atm,, = 125 GeV
SM



Events

CMS ttH multilepton

CMS HIG-16-022

g

Targeting 2 lepton same-sign (2Iss) and =3 leptons (3I)

2 same sign leptons: >4 jets, >1 b-tag

3 leptons: >2 jets, >1 b-tag

Backrounds: tt+\W//Z, tt+|ets (same-sign required to reduce
Drell-Yan and ttZ)

Background normalisation from control region: loosened CMS Preliminary 12,91 (13 TeV)

identification (fakes), Z—Il (mis-charge = “flips”, 2Iss only) E 5 ; E
14 =y
120 e -
CMS Preliminary 12.9fb™ (13 TeV) Analysis categories: 100 .
AR R AR R AR RN RN AR R |
10° -+ Data E ptut ey’ etet 3L -
- [t Eromlpt i + + + + |
-t b — 1 | btight || | b tight _ E
i I:] t‘t, J - |n:p | + +. b t’ght 40\ besgsss 052 E
o :_Et\f{,’ 2| opposite (2] U SN\
- Sign ContrOI . SSZL W"th hadronic tau b IOOSE 8 fgé -stiat. unc. \:|toytal unc. '
: i T 5 —+— |
region _ % 1.0
8 0.5;— E
0.0 5 6 57
10° N(jet, p. > 25 GeV)

- Lepton identification with a
) - B BDT using shape, isolation and

1-0.80604020 02040608 1 S o ,
lepton MVA score overlappifg jet information




Events

Data/Pred.

CMS ttH multilepton

CMS HIG-16-022

NS Profimi CMS Preliminary 12.9 b7 (13 TeV
reliminar S (13 Te reliminary 12.9 b7 (13 TeV . aga QT T
i s «120*(’ Analysis sensitivity: & <" o pmEM
. 2ss & 9, 2ss &, - Train2BDTs,
25/ S | -+ | against ttbar and N
20] : - g ttw/Z 20;
18] i ] _ 15F 3
10 L - . - 3
4 —\\_\ 1 include MEM as s -\ E

0 s input (new) B —

2.0 5 J T . 8 ] £ Bl stat. unc.  [total unc. E
15 & - Main syst. uncert. : < |5 :
1.0 = . © 0.55 1
812_ ° tlght |epton 0558580 706050 o 55 50 oo
BDT (ttH, V) selection and fakes MEM weight (ttH)

1 2 3 4 5 6 it 1 —
Best fit u = G/GSM Best it i = of Csm

- |
CMS Preliminary 12.9fo" (13 TeV) CMS Preliminary 2.3+12.9 fb" (13 TeV)
13 Tev m, =125 GeV my, = 125 GeV
U) ~ n .
g 160 el = combined p = 2.3 combined 1 = 2.0
g 2lss m 2016 501533016
TTZ -
Fakes A +
[T]Flips ] —
trilepton
_ +1.4
1.1_2.5_1_2
dilepton
S — _ 1 q+09
3 20p— : }1—1.9_0.8
£ 45k 3
R S S Gt S — |
s oY T 005 115225 3354 45
0O o5E , ‘ , , ‘ i -2 1
1 2 3 4 5 6 7
bi

BDT (ttH,tt/ttV) bin



ATLAS ttH multilepton

ATLAS-CONF-2016-058

ATLAS analysis: 4 channels

- 2l same sign (ee, ey, pM), no T had: >5 jets, >1 b-tag
- 2l same sign, 1 T had : >4 jets, >1 b-tag

>4 jets, >1 b-tag ; or >3 jets, >2 b-tag

- 4]: >2 jets, >1 b-tag

- 3l:

- Similar method to CMS for background measurement
- Fake T from simulation, normalised to control region
- Main systematic uncertainties : Fakes and flips Au~0.6

Events

Cut and count anaIyS|s Ig 6 categorles

90
ATLAS Preliminary + Data [ | ttH (SM)
gol. Vs =13TeV, 13.2fb™ E”_W Cetzryr)
Pre-fi ] Diboson 2] Non-prompt
ret Il QVisReco []Other
oF 7/ Total Uncertainty
60 . }
50
%
40
L
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20 -
oo 00

20 N
/750/ e'({

2&00?‘ f’?‘
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TLAS Simulation Preliminary

\s =13 TeV
Background composition

2607, €€ 2¢0Thaq 6U

v
€

201 Ty

<

I QMisReco []Other
I Non- prompt [ Diboson
mzlyr) Ctiw

2¢0Tpaq MU

-
[

L L A B L B
ATLAS Preliminary Vs=13

| T T T T
TeV, 13.21fb"

—tot. — gtat. tot (stat, syst)
21 0T) g e 4.0 23 (712, 1)

2¢1 36 (+28 +23
Thad p—e——m 6.2 3% (128 423

1.7 (412 412
3| p—okH 0.5 "6 (Lo, 53)

4¢ «— < 2.2(68% CL)

— 1.3] (407 +1.1

IComblnatlon . F-o-- | 2.5 f1 1 I (i07 ,l 1-0_9)
0 ) 10 15 20 25

best fit ut

for m =125 GeV
H



Events/0.0

ATLAS, CMS H—vyy analysis

ATLAS-CONF-2016-067, CMS HIG-16-020

CMS Simulation Preliminary 13 TeV
- LA LA IR IR IR IS
E 0_352_ H-yy I Untagged 0_
% 0-32_ 4'%7 Simulation t ll _i
?ﬂ 0.25; —f -
§ [ Puamenc L { -Look for small signal peak (BR~0.2%) over
S T | E large background
o 6 =125Gev  § 3 .
1o ——e -Photon energy resolution ~1%
o1f  THHM=ET O 1 depending on categories: calibration is crucial
0.05 =
::::::: ==:!:!:==; " I ;25 L==:::: ::::::
m,, (GeV)
_.CMS Preliminary 2.7fb™ (13 TeV) Very pure ttH categories
60 WogH PVBF WH [JzH BtH  [HobH tHib tWH
" | Data i
140_—
1200 HZee MC : ATLAS Simulation Preliminary H—yy \s=13 TeV
- | IMC syst. . N
100~ ttH leptonic —
i ttH hadronic

— - Photon identification: reject jets faking photons

with shower shape and isolation: BDT (CMS), cut-
based (ATLAS)

0 08-06-04-02 0 02 04 06 08 1
Photon ID BDT score 12



CMS ttH,H—vyy

CMS HIG-16-020

CMS proimnay __1291"(13TeV) 2 ttH categories: hadronic and leptonic
Hory B Combined £ o - Tighten photon pT/m requirement relative to
B T Percategory tie | inclusive categories (targeting ggh production)
b 07722 u :lzjj”o_gs as - Conltrol region with invertea photonlql ig usgd to
B o oroties i predict expected background for optimisation
Myge | 16122 fypy =1
- - ttH hadronic tag: 0 ttH leptonic tag: >1
M > lepton, >5 jets, >1 b-tag lepton, >2 jets, >1 b-tag
=0 e e e - | CMS profiminary 1|2|9|be .(.1?T?y.) > QPMIS.’,Er?/'.'T."??r?’.]l.,..,.,]. 1.2.9.fb, .(J?’T.ey)_
S 1ol rﬂ:@(eoeev fi-0.95  'lH Hadronic Tag - § 8; :1\(2%0 Gev,fi-0.95 1" LeptonicTag _;
- ttH hadronic/leptonic g _ Dam 1g 7 o E
combined: |‘|=1_9+1.5_1_2 L?>j 8;_ /.\ ;ic;)mponent _f L%’ 6;— ...... icomponent _;
measured o 2o 1 = 3
simultaneously with N E - E
other production § ] 1Y « :
mechanisms N ALk Nyn (R :
- Measurement is e "B component sublracied 3 o Lo
dominated by statistical 3 L P component subfiacied
uncertainties ok 2_l E
:i . \ | | 0 dhadbdIERRRNERSUNNNNNN HIHIHHHHUZ
100 110 12 1 140 150 160 170 18 ) -
\\~‘),) m,, (GeV) 10

120 150 160 170

3
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ATLAS ttH,H—vyy

ATLAS-CONF-2016-067
] ] ] | ATLAS Preliminary —e— Total
2 ttH categories: hadronic and leptonic - (5-13TeV, 1337
- Control region with inverted photonld — -— My =025 o )
- ttH hadronic/leptonic combined: p=-0.25+1-26_g gq :V“ R i 0
' H ' VBE [ e VBE =224 47
measured simultaneously with other production . " o
. . ggH —eo—i gy =92° o028
mechanisms (ratio WH/ZH assumed as SM) R e e— R
- Measurement is dominated by statistical F — e
uncertainties I R Sy SR
Signal Strength
ttH hadronic tag: O ttH leptonic tag: >1
lepton, =5 jets, >1 b-tag lepton, >2 jets, >1 b-tag
> 12_'|""|'/"\|""|""|""_> :'|""|'[\'|""|""|"":
& - @ Data ATLAS Preliminary - & 7 @ Data ATLAS Preliminary 3
> 10 Backgrourgd Fit \s=13TeV, 133" — > Eooeeee Backgroung Fit \s=13TeV, 13.3f" 1
= [ = Signal + Backgrourld Fit ~ H—-yy, m,=125.09GeV - & 6 = Signal + Bdckground Fit ~ H—yy, m =125.09 GeV J
g - —— SM Signa| + Backglound ttH hadronic - 2 E —— SM Signal}+ Backgrdund ttH leptonic ]
T 8- L 5:_ =
6 -4
- - se] T [ =
4 C ]
[ 1] [ ] 2;_ ® _;
2 [ 1 1 H l 1 1 1 w 150 [ 1) [ ® 00 o ® —f
_Itl lI II .l I ] Hl.l | IILI .lIllIl. T ..mé ! E L Ilr'".- _. o Y .,.\T i Ty B S e s s s e e E
110 120 30 140 150 110 120 30 140 150 160




ttH summary and projections

ATLAS and CMS Preliminary - ATLAS

LHC Run 1 - CMS
o ATLAS+CMS
— —=+ 10
: —=x 20
w e e
ggF ———
u —
VBF e
MWH B

ttH(H—yY)
(13TeV13.3fb")

tH(H->WW/tt/ZZ)
(13 TeV 13.2f0™)

ttH(H—sbb)

[ ttH >

(13 TeV 13.210™)

ttH combination
(13 TeV)

Parameter value

Run I: p=2.3+0-796

ttH combination
(7-8TeV, 4.5-20.31b™")

L B B L
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb™
—total stat. (tot.) (stat., syst.)
|—e—— 1.2 12 402
-0.3 j1_o ( i1.0 J :ro.z )
o 1.3 07 +1.1
- — 25 47 (L7, % )
+1.0 05 +0.9
H—e—— 21 %5 (15, %7 )
0.7 04 +06
- 1.8 77 (L4, D5 )
0.8 05 +07
1 1 1 i 1 1 | 1 I 1 1 1 | 1 1 I 1 1 1
0 2 4 6 8 10

best fit u_ for m =125 GeV
ttH

CMS

- ttH, H—bb (2015):
p=-2.0+1-84 g

- ttH multilepton
(2015+2016): p=2.0+0-8 ¢ 7

- ttH, H—vyy (2016):
“=1 _9+1 .5_1 9

Projections at HL-LHC L=3000 fb-1

CMS-NOTE-13-002

- Extrapolated from 8 TeV first
measurements, same syst.

- Akt : from H—=yy and H—bb:
10% (7% if half theory uncert.)

ATLAS PHYS-PUB-2014-012

- ttH,H—=yy 11,21 only, same extrapolation

- Similar experimental sensitivity

CMS expected precision on top - Higgs coupling (%)

L (fb_]) Ky Kw Kz K¢ Kp Kt Kt KZy Kuu BRsm
300 [5 7] | [4,6] | [4,6] | [6, 8] | [10,13] [§[14, 15] I [6,8] | [41,41] | [23,23] | [14, 18]
3000 [ 251|125 [ 241|351 B,71 | 17,10 | 12,51 | (10,121 | [5,8] | [7,11]

ATLAS expected precision on ttH signal strength (%)

ARJR (%)

M<Kt

Production mode || Total || Statistical | Experimental | Theoretical
7 +21 +13 +5 +17
tH -17 -12 4 ~11

15




tHqg production and negative coupling

T T T T T

H—yy sensitive to the sign “ L ATLAS and CMS
2FLHC Run 1

of top-Higgs coupling
2 I
I'(H — y7y) «x ‘/ﬁ:pAt + /ivAw) - —— 68%CL
I 95% CL

On top of ttH production, can search for tHq $ bostit
production to lift the degeneracy

- Destructive interference between coupling to top and
W : tHqg has a 30 smaller cross section than ttH
predicted in the SM

i DCombined |:|H—>W
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Negative top-Higgs coupling
- can increase a lot (~x15) the tHq cross section

= o ., 3 -andinduce BR(H—yy) ~x2

7 8 9 10 11 12 13 14 15 16
(s [TeV]
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tHq at Run |

CMS JHEP 06 (2016) 177, ATLAS Phys. Lett. B 740 (2015) 222-242

—_
o

: . : a5 CMS 97 ETeY)
CMS tHqg 8 analyses carried out in same final states as ttH: 5 F| s om ]
- H-vyy: background fit in leptonic channels, also done at o OF e E
ATLAS g2 mw E
. . . . . AT F v ]
- H—bb: Use NN as discriminant in 3b/4b, e/u categories 2 7 Hoyy ;
- Multilepton: Bayes classifier in 3l, ey, uy categories i3 'eFtJtO”'C
- H-7T: Fisher discriminant in eyt, yuT categories 1py CHSUONY :
CcMS 19.7 fo” (8 TeV) P00 110 720 130 140 150 160 170 180
535_ : m,, (GeV)
S L pp — tHq ’
B L t — blv i .
2 30 Gt m 125 GeV ATLAS: ki € [-1.3, 8.0]
'E C —@— Observed ] e 1 02 | T I R LA | I L ‘E
S5 Expected - ..w_, E + """ SM """" §
O r . o IR
)L I = fo exp. i = 10g. o BR E
N B + 26 ex ] £ ., R (H—=7y) 3
8 200 ) s2oee s B | R
: CMS Combination: Excludec § '¢ = "N\ oltoqitH) 2
158 < 2.8X Ox—-1 (Observed limit) £ ;oL =/ U 7 oead™
e ——o— . i .
10=e—_.... —— 7 102 ATLAS | -
- —eo— . S i
- N L ttH, H =iyy ]
S50 B e @eee ] 10° g =
e > E \‘s=8Te\§, my =125.4 GeV 3
| E— +|3| | | | i 10-4_111-.5--11---11..-----_
hag e\/li /5’,0 ﬂ\fui b b5 Yy Co,nb/,7 -2 0 2 4 6 8
od 17 K

—



Events/Bin

Data-Pred.
Pred.

tHg, H—bb at 13 TeV

Analysis performed with 2015 data:

CMS HIG-16-019

- Jet assignment with a reconstruction BDT under tHg and ttbar hypotheses
- Signal / background discrimination with a classification BDT
=> Done for each benchmark point in the k: / kv plane

CMS Simulation Preliminary \s=13TeV
> L
g | ttjetassignment
3 [ ] Correct
> [ wrong
Z0.10 —
3
o
a
0.05— _
O'0—01.0 — I—0.5 — O.IO — 0!5 —
tt reconstruction BDT response
CMS Preliminary 2.3fb"' (13 TeV)
B ' I ' 1 ¢ Data
L Muon + glectron channel + B tH(ob)
- 4 tag region 7 ) e
60 =~ 1.0, ky = +1.0 7 3 fiece
| ke =-1.0, ky =+1. | +CC
L | B ti+b
L i =tf+b5
40 — — tt+2b
L 4 0w
- - B i+
- - [ Misc
20 — ] Stat.+syst.
- 7 — 100x tHg
| | 7 100x tHW
0.5
0 ] Stat.+syst.
-0.5 et e S st 1 2
-1 -0.5 0 0.5 1

BDT output

95% C.L. exp. asymptotic limit on oops/Texp

CMS Preiiminary 2.3fb~ ' (13TeV)
=== med. expected limit
pp — tH pecke 110
H bb. t bl —&— observed limit ]
- 1 ’0 — DtV expected + 1 std. dev. ]
] ky = +1. expected + 2 std. dev. |
1000 F e tH cross section
C”
QO
100 | 3
n
) %)
* m
p o
I, O
; . : 0.1 T
10 | P T
\ exclude 6x Okt=-1
1 1 1 1 1 1 —- 001
-3 -2 —1 0 1 2 3

Kt
- Similar sensitivity to Run 1 despite 1/7 of
18 the statistics: analysis improved



Top-Higgs coupling with FCNC

Searching for flavor changing neutral currents with t—(u)cH

- Process arising only at the loop level in the standard model (forbidden by
GIM mechanism)

-Very small branching ratio: any excess would be a clear sign of new physics

| Process | SM QS 2HDM-III FC-2HDM MSSM |
t—uy | 37-1001¢ 75.107° — — 2-10°°
t—-uZ | 8-1007 1.1-107 — — 2-10°°
t—uH | 2-100"7  41-10° 55-107° — 107
t—cy | 46-100% 75.10° ~107° ~ 1077 2-107°
t—cZ 1-107"% 1.1-100% ~1077 ~ 10710 2.107°
t—cH | 3-100% 41-10° 15-100% ~107 107

Searches in ttbar production, followed by
top FCNC decay with a Higgs boson

Anomalous tH FCNC production not
pursued yet.
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CMS tH FCNC, Run |

CMS TOP-13-017, TOP-14-019, TOP-14-020 (paper to appear soon)

CMS tH FCNC analyses :

- H—-vyy: background fit in hadronic and leptonic channels
- H—bb: Reconstruction BDT, use NN as discriminant

- Multilepton: Cut based analysis

Limits of BR(t—(u)cH) at the 1% level or less (still
orders of magnitude above MSSM predictions)

Multilepton
” -a | BR_,  (t— He) | +o ” BR_,,[t— He) |
: - —— = . 19.7 fb™! (8TeV
llll'.'])l()ll 0.9 l-L{ l.-.\l' l."() | . . LA L S IR B B B (I T )
sAme-sign (hl'.'l”()ll 0.68 0.93 l... 3 0.9 (_c)) ........ ...................... .................. hadron|c+!epton|c clhannel.s_
combined 0.65 0.89 1.22 0.93 o P S S S S S observed |
o =
I
=
H _' bb g .....................................................
t — cH channel t — uH channel "3 16— =
Signal 73.9 £ 108.7(stat.)+24.4(syst.) 196.9 + 87.3(stat.)£59.1(syst.) o R s — L —
Total background 6766 £ 136.0(stat.)+947.2(syst.) 6636 &= 118.6(stat.)+796.3(syst.) % .........
Observed events 6840 6840 D
Expected limit 0.89% 0.85% OO0 SO0 SO0 OO OSSO OSSR
Observed limit 1.16% 1.92% : , , : : :
-1 1 1 L I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1
09 ""02 04 06 08 1 12 14

B (t — cH) [%)]
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ATLAS tH FCNC Run | and projections

JHEP 12 (2015) 061

- Similar analyses performed at ATLAS
- Exclusmn I|m|ts BR(t—(u)cH) <0. 45%

ATLAS Howw?,
\s=7TeV, 451"
{s=8TeV,20.31fb"

H-WW* tt
Is=7TeV, 451"

{s=8TeV, 20.3 b
H-yy — H-yy

BR(t—Hu) = 0

BR(t—Hc) = 0

H—bb — Observed ] H—bb

Combined Expected + 26 — Combined

..1..‘.1.5....2....2.5

95% CL limit on BR(t—Hc) [%] 95% CL limit on BR(t—Hu) [%]

Projections at HL-LHC L=3000 fb-1

ATLAS-PHYS-PUB-2016-019
Semi-leptonic ttbar decay, H—bb
Reference scenario: tracker, muon |n|<4
Limits 50x better than at 8 TeV
Approaching the range of 2HDM/MSSM
predictions

| t—Hu t—Hc t—Hu+Hc

Reference scenario | 1.2-10™* 1.0-10™* 0.55-107*

Similar results BR(t—cH)~1,5.104

with H—=yy from extrapolated 8 TeV
21 results (ATLAS-PHYS-PUB-2013-012)



Conclusions

ttH production
- Sensitivity is already comparable or slightly better than Run | (able to reach ~40%

precision on ttH signal strength with ATLAS and CMS 2015+2016 data), and
results are consistent with Run |

- More data is needed to evaluate if the Run | “excess” (though compatible with SM)
is not a fluctuation.

tHq searches with negative top-Higgs coupling

- Run | tHqg sensitivity was able to exclude <~3 the tHqg cross section for Ct=-1

- First 13 TeV measurements are being made available. H—=>bb sensitivity already
comparable Run | dataset with 2015 data

Top quark FCNC decay with Higgs
- Analyses performed at 8 TeV reach BR < 0.4%.
- Run Il analyses are ongoing.

2016 data taking period is still ongoing !
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Back-up slides
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CMS ttH,H—bb

CMS HIG-16-004

Most sensitive channel : 6 jets, 3 b

Category Observed  Expected
4 jets, 3 b-tags 145 186782
4jets, > 4 b-tags high BDT output 357 25604
4jets, > 4 b-tags low BDT output 86.6 84.21313
5 jets, 3 b-tags 160 123133
5jets, > 4 b-tags high BDT output 7.5 103734
5jets, > 4 b-tags low BDT output 35.2 31.913%!
2> 6jets, 2 b-tags 254 411+
> 6jets, 3 b-tags 9.6 7.6733
> 6jets, > 4 b-tags high BDT output 9.2 8.3f%‘7l
> 6 jets, > 4 b-tags low BDT output 154 18.372¢
> 4 jets, > 2 b-tags, boosted 7.5 107132
lepton+jets combined 4.0 41135

Process tt rate up/down [%]  ttH rate up/down [%]
Jet energy Scale +11.3/ —10.1 +77/ =70
Jet energy Resolution —0.1/4+0.1 —0.1/4+0.1
Pile-Up —-0.1/+0.0 +0.1/ —-0.2
Electron Efficiency +1.6/ —1.6 +1.6/ —1.6
Muon Efficiency +12/ —-1.2 +12/ —-12
b-Tag HF contamination —-35/+84 +0.2/ +0.6
b-Tag HF stats (linear) —64/ +6.2 —53/4+49
b-Tag HF stats (quadratic) +42/ —44 +3.3/ —-36
b-Tag LF contamination +7.1/ —5.1 455/ —4.2
b-Tag LF stats (linear) —3.2/ +65 —0.6/4+1.1
b-Tag LF stats (quadratic) +05/+1.2 —0.8/4+1.1
b-Tag charm Uncertainty (linear) —12.6/ +16.9 —0.6/ +0.7
b-Tag charm Uncertainty (quadratic) +14/ —-14 +0.0/ — 0.0
Q2 scale (tt+f) —-19/ 428 —

Q2 scale (tt+b) —0.6/ +0.9 —

Q2 scale (tt+2b) —-0.5/ +0.8 —

Q2 scale (tt+bb) —-09/ +1.3 —

Q2 scale (tt+cc) —-16/ +24 —

PS scale (tt+1f) 44/ —8.7 —

PS scale (tt+b) —-1.3/4+0.8 —

PS scale (tt+2b) —-1.0/ +04 —

PS scale (tt+bb) -20/+1.3 —

PS scale (tt+cc) —43/ +23 -
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CMS ttbar+W/Z with ICHEP dataset

CMS TOP-16-017

Background to ttH multi lepton searches
- At 13 TeV, cross section ~x4 relative to 8 TeV
- t1tW with 2Iss: BDT using event kinematics: 3.96 (2.60) observed (expected)
- ttZ with 31,4l : counting events classified by jets/b-jets multiplicity: 4.60 (5.80)

.. -1
CMS Preliminary ~ 12.9 fb™'(13 TeV) CMS Prellmlnary 129" (13 TeV)
UAOO | | | | | | [ § : T T T T T T T T | T T T | T T T | T |:
-'GC_; i nonprompt lcharge mis-ID X wz : '_,'\‘2200 = = 2-D best fit =
= - — 68% -
L|>J B rare .th +data 7// uncertainties 1 © 2000 = — 95% 222:33: =
300 ] 1800 —1-Dbestfit —
L . 1600:— =1-DfiZ+1c I
C 1 DttW+10o o
- 1400F ‘/ RN tiZ theory —
200 | 2|SS Pl’e-flt 1200:_ ‘%//— < ttW theory =
I 1000 . —i
: : 500 R Nt
1001 —_ 600 7 -
o wathz = 400F- =
i W mﬁ%ﬁ —— 200 .-
| | I 0 : 1 | 1 1 | 1 | 1 g | | | 1 1 1 1 1 1 1 1 1 | 1 | | 1 | E

+a+ atat 0 200 400 600 800 1000 1200 1400 1600 1800
Total u*u* p*e* e*e* WU pe ee . [fb]
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ATLAS ttbar+W/Z production at 13 TeV

ATLAS arXiv:1609.01599

- ttW with 2Iss (dimuon only), 3I: 2.26 (1.00) observed (expected)
- ttZ with 3| (on-Z region included),4l : counting events classified by jets/b-jets
multiplicity: 3.90 (3.40)
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ttH multilepton : dimuon ?
ATLAS-CONF-2016-058, CMS HIG-16-022

CMS Preliminary

12.9 b (13 TeV)
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