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Top quark - Higgs boson coupling

Up Quark Charm Quark Top Quark
~0.002 GeV 1.25 GeV 175 GeV
° o

Down Quark Strange Quark Bottom Quark

~0.005 GeV ~0.095 GeV 4.2 GeV Higgs boson

125 GeV

The Higgs boson generates fermion mass via its
vacuum expectation value v (Yukawa coupling).

1 0 Mass term in the SM Lagrangian
—ApYLoyYr

1 IS breaking the
EW symmetry

- Top Yukawa coupling A = /2. myv ~ 1
- The top quark plays a special role in many extensions beyond the SM
- Measuring accurately A; is one of the priorities of the LHC
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Gluon fusion (ggF): Indirect

(loop level) probe of top Yukawa

coupling MggF
~1% of total Higgs boson .
cross section at the LHC
\ 4
M om
Mon
MttH
¢ Signal strength
_ U=0/Osm
ttH: Direct (tree level) probe U
of top Yukawa coupling ApitH/UttH < 20N/ At
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JHEP 08(2016) 045

LHC Run | (8 TeV):
ttH significance 4.40
observed (2.30 expected)
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ATLAS and CMS detectors

LHC

25m

= LAr hadronic end-cap and
§ forward calorimeters
Pixel detector \

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker

4

at the LHC

27%mt:

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 ym) ~16m* ~66M channels
Overalllength ~ :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?® ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels



Higgs boson and Top quark decay

Top Pair Branching Fractions

l+, q alljets” 46%
CoWL g Top quark decay | s e
—_ - Both tops can decay to b + leptons or jets s 15%

1%
T 2%
e 2
v A%y utjets 15%

] H—bb (57.7%) e
nggs boson decay - Large branching ratio “dileptons"” "lepton-+jets”
- But large jets background

H- 1t (6.3%) 5 T o~ (W, H-oWW (21.5%)
Hadronic or leptonic 3}
T decay 510_1 )/ @ H—»WW, H—-ZZ. semi_
h ==/ ¢ ; leptonic and leptonic
o [ decays:
S0 . - clean lepton
T ‘ ] signature
H-ovyy (~0.2%) P . - 7ZZ—4l: excellent
- Excellent mass 10° - mass resolution
resolution, A l :
But low branching _ | H—ZZ (2.6%)
ratio 1056900 720" 140760 180 200

5 M, [GeV]
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ttH,H—bb

Selection targeting lepton+jets and dileptons (opposite sign)

- H—=bb mass resolution ~10%, jet combinatorics

- Use multivariate methods: Boosted decision tree (BDT),
Neural Network (NN), Matrix Element Method (MEM)
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Classify with the number of jets
and b-tagged jets
ATLAS Simulation Preliminary Dﬁ+ light th+ >1c .tf+ >1b

\s=13TeV - _ 10" E
Single Lepton B+v [INon g

Inclusive b-jet multiplicity distribution

T ‘ T _\ T T ‘ T T T T ‘ T T T T ‘ T T
p — ttbb@13TeV g=== Sherpa+OpenLoops
—— MG5aMC@NLO
PowHel+PY8

o [pb]

LHC HIGGS XS WG 2016

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

- ttbar + =1b: major ..
background in ;
signal regions

- Difficult to model in

5j,2b 5j,3b 5j,24Db Monte_carlo

simulation: 30-50%

uncertainties

>

0/0mcsamceNLo O/ OSherpa-+OpenLoops

\

>6j,2b >6j,3b

0/ 0PowHel +PY8




ATLAS ttH,H—bb

ATLAS-CONF-2016-080

Analysis strategy: two-step multivariate technique
- Reconstruction BDT to improve H—=bb mass
NN/BDT against backgrounds: includes

ATLAS Preliminary ttH (bb), \s = 13 TeV, 13.2 fo’

Events /0.2

reconstruction + kinematic variables in signal region SRS A A A AR AR AR AR
- tt+>1b, tt+>1c normalisations are free in the fit Stat.
Tot. ( Stat. Syst. )
T Dilepton ——e—— 4'6\3:2(1';?8)
6 _ ]
10°E°ATLAS  Preliminary —¢-Data E
- 1s=13TeV, 13.2 b ttH (u,, =4.0) a _ 1.6 *11 (05 +10y
10°E -tfH (ufit=2_1j _ Single Lepton eo- O 41\ 05 -009
= []Background 3
- 7/, Bkgd. Unc. - _ 01 +10 (+05 408
1045_ - Bkgd. (u=0fit) = Combined o 09 (05 ~07)
- § 0 2 4 6 8 10 12 14 16 18
10°E = Best fit u = 6™/ for m, = 125 GeV
2|_ttH (bb) Combined i < -
10°E Dilepton and Single Lepton = Theory uncertainties on ttbar + =1b is
E post-fit s Au~0.5, already dominates the measurement
. I Wi
2 +
o 15[ —
s B35 3 25 =2 S5 1 05

log (S/B)
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Events

Data/Bkg.

Analysis strategy:

CMS ttH,H—bb

CMS HIG-16-038

- Split signal regions in low/high BDT parts
- Use Matrix Element Method as discriminant

12.9 o™ (13 TeV)

|||||||| I||||I||||]||||I||||I||||I||||I|I||—
800 CMS Preliminary ¢data  —15xtH

Ett+LF BWttcc

700F lepton+jets

>6 jets, >4 b-tags W0 .tt'*2b ]
600f- BDT<0.13 Miob  Wsinglet 3
pre-fit expectation [tV Ev+ets A
[l diboson ]

500

low BDT

400p

.
300

0.0 01 0.2 03 0.4 05 0.6 0.7 08 0.9

MEM discriminant

Events

Data/Bkg.

140

120

100_—
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12.9 o™ (13 TeV)
____ Illllllllllllllllllllll[[llllll[[lllllll_
L CMS Preliminary $data  —15xtH
tt+LF tt
: lepton+jets Mt Mttcc
— >6 jets, >4 b-tags Mo W20
[ BDT>0.13 Mibb  Wsinglet T
- pre-fit expectation [tt+v W V+iets
[l diboson
’_/% i
high BDT
__ score,

/
Z 77

0.0 0.1 0.2 03 04 05 0.6 0.7 0.8 0.

Systematics dominated:
50% uncertainty on ttbar+heavy flavour

MEM discriminant
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Example of discriminants
for 6], 4b category (most
discriminant among |+jets)

11.4-12.91" (13 TeV)

Best fit u = G/GSM atm,

CMS Preliminary
' u  tot. stat. syst.
. +1.50 +1.05 +1.01
Dilepton = -0.04 “i59 096 -1.06
: i +1.02 +0.51 +0.88
Jepton+jets = -0.43 Ty 5 Los7
. : +0.80 +0.45 +0.66
Combined = | -0.19 Tgg1 044 -06s
1 l 1 1 1 l 1 i 1 l 1 | 1 l 1 1 1 I 1

-2 0 2 4 6

=125 GeV




CMS ttH multilepton

CMS HIG-17-004
leptons = electrons, muons (veto 7n)

Irreducible: tt+W/Z/y*
- from Monte Carlo,
- O(10%) uncertainty

~—"

CMS Preliminary 35.9 b (13 TeV
| i |

I, post-fit (SM prediction)

+-Data @WZ INon-prompt
WttH [JRares [[JCharge mis-m.
WmtW  mW*W* ggTotal unc.
Otz  [JConv.

350

Events

,(|IIII|IIII|I
X
&
X

300

50

Reducible: mainly tt+jets,

- Lepton identification optimised for this analysis 200
measured in data,
O(30%) uncertainty

Jets faking leptons: fake rate 100
computed from jets control region

with loosened identification |
Charge mIS aSSIQnment (2888 Only) H“ HH‘ HHH HHH ‘\% TN T, YE\ \ T

150

|IIIl|IIII|IIII|IIII|IIII|1III|1

d.

1.8F tat. total -]

flip rate from Z—£+£+ data S pep e eEne E

=  14F 3

(U u

=12k, -

S (1)'8_ Hi*

Strategy in 2€ss and 3£ categories: 06— : - -

Train 2 kinematic BDTs, against tt+jets and ttW/Z N(jet, p. > 25 GeV)
9 T



CMS ttH multilepton results
CMS HIG-17-004

Significance :
- 3.30 observed (2.50 expected)
- Combining with 2015 data: 3.30

Analysis sensitivity:
Map 2D BDT into 1D (group into bins with

similar s/b) o ,
- Check fit with floating ttW/Z: 30
" CMS Prel/m/nary 35.9 b (13 TeV)
*GEJ 120: | e postlfit (SI\/ll predicl:tion) : CMS Preliminary 35.9 b (13 TeV)
— D WZ INon- ]
Lﬁ i ;ttl?lta E|Rares Cﬁgrggomizt-m ] my, = 125 GeV
- ttW  @W*W* ggTotal unc. . =
100~ Ettz Conv. we e o I w=1.5 tg: [ (Stat ) o4 (SySt) ] ]
80__ ] IR
” — 2|
+0.6
60 =18 ¢
40 B
3l
— s +0.8
20 \ — = w=10""
) A !!!!!\ \§§§\ B
8 1.8 - @@ stat. unc.  [jtotal unc. - 4]
s e - n=09"
g }:S:i _Fﬁ # _h: ||||||||||||||||||||
ozt E 105005 115 2 25 3 85

Tz 8 4 5 6 7 & Best fit u(ttH)
BDT (ttH,tt/ttV) bin _ _ o
Main systematics uncertainties :
10 tight lepton selection and fakes



CMS ttH,H— 7t

CMS HIG-17-003 e

Th reconstruction:
Finds the tau decay mode

A /Y
T /
MVA against jets faking tau: using tau isolation, optimised {0
for ttH busy hadronic environment /
T
Signal strengths p=0/0su Similar strategy as in multilepton analysis:
CMS Preliminary 35.9 fb' (13 TeV) for background eStimate
e e g0 - and analysis sensitivity (BDT, MEM)
-1.47
2lss+tr, \ - . |
n=0.86"7° - 184+27th: Additional difficulty from jets
3late faking Tn background
4 o048 - 2ss+17h: most sensitive
M -1.01
—— Best fit Combined
------- SM Expectation u= 0.721?'::
T R '

-2 0 2

- Main systematics uncertainties :
Best fit u = O/OSM

tight lepton selection, Tn identification
and jets fake tn
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Events

ATLAS ttH multilepton

ATLAS-CONF-2016-058

- Similar method to CMS for background measurement
- Main systematic uncertainties : Fakes and charge mis-
assignment Au~0.6

Cut and count analysis in 6 categories

T T T T T T I T T T T | T T T T | T T T I T T T T I T T T T
OF o AS Proliminary E Davtva E”g /(SI\)/I) ATLAS Preliminary Vs=13 TeV, 13.2 fo’!
o “ tt ttzly*
8o |\:S _f.113 16V 13210 Diboson [ Non-prompt — tot. — stat. tot (stat, syst)
re-fi
Il QVisReco [ ] Other 2¢0Thag +21 412 417
70or 7/ Total Uncertainty ? F=o—=- 4.0 1.7 (—1.1 ’ —1.3)
60
2711 +3.6 [+28 +23

‘ had F—e—- 6.2 7, (53, 13)

501 7
+1.7 +1.2  +1.2
a0k 37| ke 0.5 16 (500 L13)
30F
vt » 4| < 2.2 (68% CL)
mm!—\
T +1.3 +0.7  +1.41
3 ICombmatlon ‘ F-0-- | | 2.5 1.1 I (4)_7aI 4).9)
o z 0 5 10 15 20 25
Qfor 2‘00r 20 - >y 9

Aae e fag &y

best fit uﬁH for m =125 GeV



ttH,H—yy analysis

% 10000, e AMMBALMMSRLAMAS - Look for small signal peak
e 7 5= 8TevL=196fb" [] 2promety (BR~0.2%) over large

g 2000, v background

- o P - Photon identification: reject

jets faking photons with

4000 shower shape and isolation:
BDT (CMS), cut-based
2000 CMS simulation Preliminary 13 TeV
(ATLAS> ?5’ Z:_ Hoyy TTH Hadronic Tag_i
?00 110 120I | 130 140 150 160 170 180 g 07; #Simulaﬁon —
m,y (GeV) = osb _ =
E 0'5; _E’]%Eié?etnc _;
w F ]
0-4:— —— o, =1.48GeV E
QS;- é
- Photon energy resolution ~1-2% paf T RORe E
depending on categories: calibration is crucial o :

0 11 I 1 +
105 110 115 120 125 130 135 140
m,, (GeV)

" ggH B VvBF WH [JzH BtH [BbbH tHjb tWH
Two high purity ttH |
o nig . P y ATLAS Simulation Preliminary H—yy \s=13 TeV
categories
- Requiring O or 1 ttH leptonic —

lepton, jets and b-jetg !t hadronic




ATLAS ttH,H—vyy

ATLAS-CONF-2016-067

ATLAS Preliminary
| Vs=13TeV,133f"

- ttH hadronic/leptonic combined: p=-0.25+1260gy - _ P
measured simultaneously with other production L ) U e
mechanisms L . o os
- Dominated by statistical uncertainties P E— SO e
Heum [ o = 117 22

ttH hadronic tag: O
lepton, >5 jets, >1 b-tag

A

A

Signal Strength

ttH leptonic tag: >
lepton, >2 jets, >1 b-tag

> C I T T T T | T T T | T T T T | T T T T | T T T T ) > : T I T T T T | T U T T | T T T T | T T | T T T T :
& - e Data ATLASPreliminary - & 75 ® Data ATLAS Preliminary
- 10 v Backgrourd Fit \s=13TeV, 133f" — - Background Fit \s=13TeV,13.3f" 7
= = Signal + Backgrourjd Fit ~ H-yy, m =125.09GeV -~ £ 6 — Signal + Bdckground Fit ~ H-yy, m =125.09 GeV J
L%) gl — SM Signg + Backgfound ttH hadronic - L?>j E —— SM Signal}+ Backgrdund ttH leptonic ]
B 5 ]
o S ]
: -- SS 1
4 C ]
h oo o 2:— 14 _:
S : :
l J_ _]_ J_l l -L l -L oo 1 :0 1'0“ ID’\ID 00 O [ ] —:
_II L II 1 I ) H 1 | II\ I 1 L I A AL - | JT'"l o W ': — B T W B s s e =

110 120 30 140 150 110 120 30 140 150 160




CMS ttH,H—-vyy

CMS HIG-16-040

MS Prelimi . . .
C'H'Sv'vﬁrglmmar'y' B cor b%:jb1 i - New: a BDT is used in Hadronic category
— ombine [} . . .
i = Perprocess 1o _ - Signal strength measured simultaneously with
o | 1020 - e, other production mechanisms
- Heomomea = 116705 - Dominated by statistical uncertainties
Hyge | 00 a5 m,, profiled
| —— D Significance: 3.30 observed (1.50 expected)
Myy| 297 ttH hadronic tag: O ttH leptonic tag: >1
3 0 2 4 6 8 : |epton >5 je’[s > 1 b_’[ag |ept0ﬂ, >2 jetS, > b'tag
. CMS ey 359WI(18TeV) | CMS peimnay 3591 (13TeV)
8 14:_2:9(2754Gev G116 ttH_ Hadronic Tag —E E 22172754 GeV, fi=1.16 ttH Leptonic Tag :
5 12F ¢ Data - 10~ ¢ Data -
= - — S+B it ] i —— S+B fit ]
> 10 AN e B component . 8 || FIIN e B component 7]
w r Il tio ] - I tio ]
8__— []+2oc _: 6:— ® [ ]¥2oc ]
6:— ] o . *» _
[ 4 ]
4 ]
2 i | - 2 l -
b I [ LT TR ot L, el LTI
10F ' ' ' " B component subtr'acted_; 8k ' ' ' ' 2
. i:
B 2F =
;e ;
" ;
L -4 =
170 180 100 180
)

my, (GeV



ttH summary
CMS HIG-16-038, HIG-17-004, HIG-17-003, HIG-16-040, HIG-16-041
ATLAS-CONF-2016-068, JHEP 08(2016) 045

Signal strength p=0/0sm

Run 1 LHC
0.7
2.3 + -0.6

ATLAS Run 2 CMS Run 2
H—bb 2.1 +1.0 54 -0.2 +0.8 5 ¢
Multilepton 1.5 +0.5 5 ¢
2.5 +1 .3_1_1
A 0.7 %05 Full 2016
H-vyy -0.3 +1-2.1 2.2 +0.9.4 4 dataset
H—4l - 0.0 129

Combination 1.8 +1.24 -
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Conclusions

Direct measurement of Top - Higgs coupling with ttH searches

- Observation of ttH signal with a combined analysis of all channels at Run 1 LHC
(ATLAS+CMS): 4.40 (2.30 expected)

- Observation in single analyses at Run 2 by CMS: multilepton final state at 3.30
(2.50 expected), and H—yy final state at 3.30 (1.50 expected)

- ATLAS Run 2 combination with 1/3rd of 2016 dataset is not far: 2.8 (1.80
expected)

CMS Integrated Luminosity, pp, 2017, vs = 13 TeV

Data included from 2017-05-23 14:32 to 2017-06-30 00:30 UTC

~N

More to come: analysis of full 2016 dataset by
ATLAS and CMS H—bb to be completed

VS - BN LHC Delivered: 6.32 b '
* )\ [ CMS Recorded: 5.33 b !

2]

ul

" CMS Online Luminosity

B

2017 data acquisition just started: more
data will be analyzed soon

N W
T T

Total Integrated Luminosity (b ')
[

o Il Il Il 1 Il Il 1 Il 1 Il
A add @ Wt W0 W Wt W0 W0 Wt W0 W0 W
1’5“\¢6“\¢9"\ AW AW AW oW W ie VoW WoeWoel

17 Date (UTC)



Back-up slides
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Systematic uncertainties

ATLAS ttH—bb

ATLAS-CONF-2016-080

tt+b systematic

uncertainties

Systematic source

How evaluated

tt categories

break down

Uncertainty source Ap

tt+ > 1b modelling +0.53  —0.53
Jet flavour tagging +0.26 —0.26
ttH modelling +0.32  —0.20
Background model statistics +0.25 —0.25
tt+ > 1c modelling +0.24 —0.23
Jet energy scale and resolution +0.19 —-0.19
tt+light modelling +0.19 —0.18
Other background modelling +0.18 —0.18
Jet-vertex association, pileup modelling +0.12 —0.12
Luminosity +0.12 —0.12
ttZ modelling +0.06 —0.06
Light lepton (e, p) ID, isolation, trigger 40.05 —0.05
Total systematic uncertainty +0.90 —0.75
tt+ > 1b normalisation +0.34 —0.34
tt+ > lc normalisation +0.14 —0.14
Statistical uncertainty +0.49 —-0.49
Total uncertainty +1.02 —-0.89

tt cross-section

NLO generator
(residual)

Radiation
(residual)

PS & hadronisation
(residual)

NNLO top & tt pr

tt + bb NLO generator
reweighting

tf 4+ bb PS & hadronis.
reweighting

tf + bb renorm. scale
reweighting

tt + bb resumm. scale
reweighting

tt + bb global scales
reweighting

tt + bb shower recoil
reweighting

tt + bb PDF
reweighting

tf + bb MPI

tf + bb FSR

tt + c¢ ME calculation

+6%
Powheg-Box + Herwig++ vs. MG5_aMC + Herwig++

Variations of ur, pr, and hdamp

Powheg-Box + Pythia 6 vs. Powheg-Box + Herwig++
Maximum variation from any NLO prediction

SherpaOL vs. MG5_.aMC + Pythia8

MG5.aMC + Pythia8 vs. MG5_.aMC + Herwig++
Up or down a by factor of two

Vary pq from Hr/2 to pcvmps

Set pq, ur, and pr to pemmMps

Alternative model scheme

CT10 vs. MSTW or NNPDF

Up or down by 50%
Radiation variation samples
MG5_aMC + Herwig++ inclusive vs. ME prediction

All, correlated

All, uncorrelated
All, uncorrelated

All, uncorrelated
tt + >1c, tt +light, uncorr.
tt+>1b

tt+ >1b
tt+>1b
tt+>1b
tt+>1b
tt+>1b

tt+>1b

tt+>1b
tt+>1b
tt+>lc
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ttH multilepton discriminants
CMS HIG-17-004

20 CMS Preliminary 35.9fb" (13 TeV
T T T T RN RN RERS R

—

%) T T
< C 31, post-fit (SM prediction) ]
(] C Data [@ttZ [JConv. ]
Lﬁ 60— ;nH mwz Non-prompt | .. -
E [WttW  [JRaresETotal unc. E " _CM|S Prellmlfllary | 35|9 fb 1 (1 3 lTeV) CMS Pfe/iminafy 35.9 fb-1 (1 3 TeV)
S0r B c - 31, post-fit (SM prediction) R -'g - T 4||, poslt_ﬁt (ISM pll'edictlion)_
a0fF- 3[ ttbal‘ BDT B o 70— <+ Data [tz [JConv. 4 9 B -+ Data [JRares i
r ] L - 3[ mttH  @EWZ [Non-prompt 4 7] - 4[ mttH  ggTotal unc. -
C ] - WttW [JRaresfgTotal unc. ] - mttz .
301 E 60— - 41— —
200 h sob- E i :
o ] BN - : : 3 .
e 40 - .
8 15 E Bl stat. unc.  [Jtotal unc. L m
Q ' o _
s 10 i
S o5 : ]
003 08060402 0 02 04 06 08 1 - E 5
BDT (ttH, tt) - : .
,  OMSpommy 359w (9Tey o — i
g 805— 31 S;Zt'ﬁé, (nSzM prg’gg,?c_) . - I I ' \ | 5 : I I oy I .#, . -:~:A:<~:-:A:A:<:~:~:~3A_Ea“gh&“
L 702— B Dees o oproret { 8 | 5[ Estat unc.  Etotal unc. _ g 3 B stat. unc.  [total unc. E
601 = o % | 3 . :
C 3 © 1.0 -— C
E ] — E ] ©
505— 3[ ttV BDT _E KDU 0.5F E Qa -
401~ = - : ' — v 0 60 80 100 120 140 160 18
- . 0.0 1 > 3 4 5 20 40 60 80 100 120 14.0 160 180 200
30F E BDT (ttH, tv/ttV) bin min M, (GeV)
20F E - 4f category :
0 & = s - counting experiment
B T | J &P
D g Ealne + 3¢ vs ttW/Z: Includes Matrix Element
] 1.0 : : '
g o 1 Method likelihood ratio of ttH vs ttW+ttZ

) 08060402 0 02 04 06 08 1 20
BDT (ttH, ttV)
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ttH multilepton results
CMS HIG-17-004

Categories per flavour/charge

CMS Preliminary 359 fb' (13 TeV

~—

T | | | T | | | | |
I, post-fit (SM prediction)

<+ Data @WZ JNon-prompt
WttH [JRares [JCharge mis-m.
mtW  WW* ggTotal unc.
Otz [JConv.

2{ss

II|l|lIIIIIIII|IIIIIII|III|III|II

........

\ \!H [T HH!H [T [T Hﬁ ARREARRIN \imu NN

:—- stat. unc. [ total unc.

3}

ee ee el el el ey [ HU B [
~ %t bk bl+ bt- bt+ b bl+ bt— bt+
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CMS Preliminary
| I

35.9 b7 (13 TeV)
[ I

%)
c i 31, post-fit (SM prediction) ]
o - +Data [OttZ [JConv. i
w 100+ EttH EWZ QNon-prompt —
B WttW  [JRaresgTotal unc. -
80— 31 -
60 —
40 =

20

. nh \ \ \ S =
8 - [ stat. unc. [ total unc. .
b 1.5F —
Q. - ]
S 1.0F =
S o050 =

b-Iobse b-Iolose b-tiéht b-ti'ght
£q<0 £q>0 ¥g<0 Xq>0



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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& Hadronic T reconstruction and identification
; CMS TAU-16-002

ot

Hadron + strip (HPS) algorithm e
Seeded by reconstructed PF jets Y ]/'
Neutral pions : strips 0.05 x 0.020 in n-® Ay
Look into jet constituents, decay mode finding 17 y

e asingle charged particle without any strips: h¥; ':" T

e combination of one charged particle and one strip: h*7t%; T

e combination of a single charged particle with two strips: h*7°7;

e combination of three charged particles: h*hTh*.

Dynamic strip reconstruction
- Widen strip size in the case of bremsstrahlung or T,
nuclear interaction, depends on pT

MVA based discriminator against jets
- Use isolation sums computed within a cone of 0.3,
optimised for ttH busy hadronic environment
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CMS

CMS ttH,H—»2Z2zZ*— 4l

CMS HIG-16-041 (submitted to JHEP)
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ttH projections

Projections at HL-LHC L=3000 fb-1

CMS expected precision on ttH signal strength (%)

CMS FTR-16-002

. CMS Projection 3000fb™ (13 TeV)

- Extrapolated from 13 TeV first ; H—>‘Y L ECratesty
measurements, T Foreser i

- Same syst (S1+), and scaled I Lo irrosityd i
with luminosity (S2+) | g .

- Effect of higher pile-up and i ]
detector upgrade included Ml ]

- ttH,H=yy: O, 11 ~ 10-17%
- ttHH—>ZZ" =241 ~ 32%
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ATLAS expected precision on ttH signal strength (%)

measurements, same syst.

- ttH,H—=yy 11,21 only iFH

Afffx (%)
Production mode || Total || Statistical | Experimental | Theoretical
+21 +13 +5 +17
-17 -12 -4 11

- Similar experimental sensitivity -



