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@ The Top Quark

» The only fermion which has a
significant coupling to the Higgs
o The heaviest particle discovered so far
o Strong top Yukawa coupling

» Plays key role in many important
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physics processes . @
o Flavor physics, Electro-weak processes Kl K
= Plays a special role in a number of
Beyond the Standard Model theories
as well
t = L
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v = vacuum expectation value (246 GeV)
y, = top Yukawa coupling
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Probing the Standard Model
[GFltter group, arX|v 1407. 3792]
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@ Run 1 Top Factory

CMS
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Delivered Luminosit

e 2010 pp Vs = 7 TeV
m— 2011 pp \/s = 7 TeV
m— 2012 pp \/s = 8 TeV

ATLAS Online Luminosity

== PbPb \[s,, = 2.76 TeV . s
PbPb \[s_NN =276 TeV ~ 2.6 X |0 S|ng|e top (t"Ch)
A o¢(t) ~ 87 pb  arXiv:1205.3453
LY
= 1.7 x 10° single top (s-ch)
os(t) ~ 5.6 pb  arXiv:1205.3453
=12x 10° tt+W/Z
o(tt + V) ~ 0.403 pb JHEP07(2014)079
=~ 3.9 x 10° tt+H
o(tt + H) ~ 0.129 pb CERN-2013-004
2

= 7.4 x 10° top quark pairs\
o(tt) ~ 246 pb PRL 110 (2013) 252004

= 560 top quark pairs
L T
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Top Pair Production
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* Top pair production at the LHC through gg (dominant)
and qqgbar

* Top pair decay modes

o The more jets, the more challenging the systematic uncertainties
get (Jet energy scale, ISR/FSR etc)
Physics Interpretation

Detector Reconstruction

View

v v e
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What was Learned about the Top Quark

Every topic deserves a dedicated long presentation

o CMS Public Page: https://twiki.cern.ch/twiki/bin /view/CMSPublic/PhysicsResultsTOP
o ATLAS Public Page: https://twiki.cern.ch /twiki/bin /view /AtlasPublic/TopPublicResults

Cross sections
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ATLAS-CONF-2014-054
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Top quark mass measurements
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CMS ——
DZERO I
Combined result —— 173.34 £ 0.76 GeV/c*
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CMS W, 7 TeV, 4.8 fb", PRL110 (2013) 02203
1.010 " 31% (exp) * 453 (th)
CMS W, 8 TeV, 12.2b", PRL 112 (2014) 231802 o
1.030 + 0.120(exp) + 0.040(th)
CMS t-ch,, 7 TeV, 1.17/1.56 b, JHEP12 (2012) 035
1.029 + 0.046(exp) + 0.017(th) L -
CMS t-ch,, 8 TeV, 19.7 ib”, JHEP06 (2014) 090 » * "
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 What We still Need to Learn
» Couplings to photon, Z, Higgs

o and maybe some other new heavy particles?
= FCNC?
o many channels to test
» Charge asymmetry in top pair production
* Precise cross section and mass
measurements
o Differential measurements to test pQCD
o PDF studies
* And more

o see the SnowMass2013 Top Quark WG report
arXiv:1311.2028 [hep-ph]
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The LHC Roadmap

LS1 EYETS 14 TeV LS3
13-14 TeV -

injector upgrade nOmir
splice consolidation sPs cryogenics Point 4 volimit R
8 TeV button collimators \Cé dispersion 1!‘\1[»"11‘1‘”;;“!\ HL-LHC installation uminosity
— R2E project suppression regions ——
collimation ﬂ
oz Lo Paoe Paois Paws oo mmmmmmmm@
radiation
damage
2 OF r | S
2 x nominal luminosity A
nominal nominal luminosity || experimentupgrade | !
luminosity 75 I experiment beam pipes / phrase 1 experiment upgrade phase 2

EE ECTSH
= LHC approved running to deliver 300 fb~! by 2021

= Post LS3 operation: 3000 fb~! over 10 years % s

o Major upgrades required on the LHC

o Need strong physics motivation for HL-LHC E X, R
= Detector Upgrades during Long Shutdowns (LS) e f\\\\% :iﬁtf

o LS1 = Phase 0, LS2 = Phase 1, LS3 = Phase 2 Europeansnateg)
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Detector Challenges

0.2 x 103% cm™s!

* Higher bunch luminosity
o => occupancy / event size
» Higher average luminosity
o => trigger rates / radiation damage
» The goal is to achieve the same (or

better) performance (resolution etc.)
at the HL-LHC as at the LHC, despite

the large increase in event rate

(1E1e1C10)
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@ Detector Challenges

* Higher bunch luminosity
o => occupancy / event size
» Higher average luminosity
o => trigger rates / radiation damage
= The goal is to achieve the same (or

better) performance (resolution etc.)
at the HL-LHC as at the LHC, despite

the large increase in event rate
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Upgrade Strategies

CMS DETECTOR
Muon Detectors Tile Calorimeter Liquid Argon Calorimeter STEEL RETURN YOKE

Total weight 14,000 tonnes 12,500 tonnes

SILICON TRACKERS
Overall diameter : 15.0m

Pixel (100x150 m) ~16m* ~66M channels
(80x180 ym) ~200m? ~9,6M channels

Overalllength  :28.7m
Magneticfield  :38T
SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Basrel: 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 POWO, crystals

Y
/ / \ HADR()N‘CAALQWER (HCAL)
Toroid Magnets  Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker s Pasic e

2013-2014

Consolidate detectors, address operational issues, prepare for high pileup
* complete muon coverage, improve muon trigger, new smaller radius beam pipes
* CMS : Replace HCAL forward PMTs and outer HPD — SiPM

» ATLAS : Diamond beam monitor,jadditional pixel layer
T ——

End of the year Technical Stop IMantain / improve performance at high pileup

2018-2019

2023-2024

» CMS:new pixels, HCAL SiPMs, electronics,and L|-Trigger

* ATLAS: LI trigger improvement, fast track trigger at L2, new muon small wheels

Mantain / improve performance at extreme pileup : sustain rate + radiation doses

*|New inner detectorjnew calorimeter electronics, muon extension, trigger and DAQ upgrade
» CMS: track trigger, replace endcap calorimeters

» ATLAS: replace inner tracker, new forward calorimeter
LCWS Belgrade October 6-10, 2014 11



CMS

@ Btagging @ Run 2 and beyond

» Upgrade is mandatory for performance at high pile-up

o IBL @ ATLAS (installed)
o new pixel detector @ CMS during the “End of the Year Extended
Technical Stop”

» Studies done with top pair MC events @ 13 TeV

End disk volume Barrel volume (>J‘ 1 = light jet: Current Detector (no pileup)
3 disks per side 4 layers c -+ light jet: Upgrade Detector (50 pileup)
Q [« c-jet: Current Detector (no pileup)
§ .+ c-jet: Upgrade Detector (S0 pileup)
) ﬁ 10" =
‘ T f
= 5
3 107k
Barrel supply tube Barrel end flange / 4_—>
Barrel cabling & tubing 1 0-3
51000 | ‘ el o | L LI T T T o
[} C e Breweee IBL nominal Track Selection - [ 10 . I
Y 900: IBL piloup Track Selecton E 01 02 03 04 05 06 057.1 (t).gﬁ.org 1
= 800 Beeee ATLAS nominal Track Selection = e icliency
g F  ———— ATLAS pileup Track Selection ]
£ 700
g C
< 600p IP3D+SV1
< 500F
o
@ 400F
S 300F . A
S 200k IBL installed May 9
o =¥FE e 7 \ |
T s 3 Only 0.1% of channels inactive! |
o . o e
Currently being commissioned.

@? O- 0 : 25 : 50 -
LCWS Belgrade October 6-10, 2014 12




Run 2 and beyond: Techniques

= Limitations

o Pile-up, trigger thresholds etc.

» New Approaches

o Tighter trigger requirement for leptons will help
sustain approximately the same p; thresholds

o Need more careful study of the isolation, in
particular effect of out-of-time pileup
o Main concern for top physics: jets

» Jet rate increases, jet resolution degrades
» See “Jet finding techniques at hadron colliders”

CMS, |

presentation by D. Boumediene @ Detector: Top: Boosted jets

- joint with Sim/Reco on Thursday, 14:00 - 15:30
O,

LCWS Belgrade October 6-10, 2014
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@ Top Mass

= Precision matters

@ LCWS Belgrade October 6-10, 2014
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Top Mass: Combination

= LHC (7 TeV) + Tevatron first combination
o arXiv:1403.4427 [hep-ex]

World comb. 2014 * ' " ="410

¥Z prob.=93%

—He+—

173.34 + 0.76 (0.27 £ 0.24 + 0.67)

CDF Runll, l+jets

Tevatron+LHC m

top

combination - Mar. 2014, L __ =35 fb'-87f"

ATLAS + CDF + CMS + DO Preliminary

LCWS Belgrade October 6-10, 2014

o — —o— — 172.85 + 1.12 (0.52 + 0.49 + 0.86)
Cﬁffj?v”,“*d“'ept"” ' . 170.28 + 3.69 (195  +3.13)
Cﬁfi?”’ slljeis ———4H 172.47 +2.01 (1.43+0.95+ 1.04)
Cf?:?t?”’ et F—e—i 173.93 + 1.85 (1.26 + 1.05 + 0.86)
DLOI Runll, Ijets ——e—+— 174.94 + 1.50 (0.83+0.47 +1.16)
Dfi Runll, di-lepton — ° 1174.00 + 2.79 (2.36 + 0.55 + 1.38)
AI"‘fff,O”’ ets —— H—— 172.31+ 1.55 (0.23+0.72 + 1.35)
ATLAS 2011, di-lepton ° 173.09 + 1.63 (0.64 +1.50)
Cﬁiizﬂ‘ Hiets — O — 173.49 + 1.06 (0.27 £ 0.33 + 0.97)
Cyzsz,L dr-lepton ot 172.50 + 1.52 (0.43 +1.46)
CLM:53321,1‘ alljets ————i 173.49 £ 1.41(069  +1.23)

\ World comb. 2014 %, /n4/ =310 4 — 173.34 £ 0.76 (0.27+0.24+0.67)
g £ Tevatron Mar. 2013 (Run I+I1) F—o—iH 173.20 £ 0.87 (0.51+0.36 + 0.61)
3 S LHe Sept. 2013 — i — 173.29 + 0.95 (0.23+0.26 +0.88)
& | | | tOtall (stat. 1JES syst)
165 170 175 180 185
mtop [GeV]

W+
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@ Top Mass: Combination Systematics

= LHC (7 TeV) + Tevatron first combination
o arXiv:1403.4427 [hep-ex]

CMS

All values in GeV CDF DO ATLAS CMS Tevatron LHC WA

Values | 173.19 | 174.85 172.65 173.58 173.58 173.28 173.34
e 1JES: in situ ttbar (t—Wb, W—qqgbar) calibration procedures 831
o sStdJES: non-flavor specific part of JES O.; 0
o flavourJES: different jet energy response for different flavors O:‘l-2
e bJES: modelling of the response of jets originating from b-quarks 025
A [ N r~r I N oA I N 40 I N1 n Il N == I N~ Il 038
. MC MC modellng 021
 Rad: modeling of QCD radiation 0.31
. CR color reconnectlon 0.09
M — 0.10
Detector modelmg 011
0.02
b-tag: modeling of the b-tagging efficiency and the light-quark jet | 0.10
rejection factors in MC vs data 88;’
0.04
Total Syst 0.85 1.25 1.40 0.99 0.82 0.92 0.71
Total 1.00 1.48 1.44 1.03 0.94 0.94 0.76

ximdf | 1.09/3 | 0.13/1 | 0.34/1 | 1.15/2 245/5 1.81/4 || 433/10
@ 2 probability (%] | 781 | 720 | 562 | 562 78.4 77.1 93.1

LCWS Belgrade October 6-10, 2014
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Top Mass: Combination Systematics

= LHC (7 TeV) + Tevatron first combination

o arXiv:1403.4427 [hep-ex]

All values in GeV CDF DO ATLAS CMS Tevatron LHC WA
Values | 173.19 174.85 172.65 173.58 173.58 173.28 173.34

Stat 0.52 0.78 0.31 0.29 0.44 0.22 0.27

iJES 0.44 0.48 0.41 0.28 0.36 0.26 0.24

stdJES 0.30 0.62 0.78 0.33 0.27 0.31 0.20

flavour]JES 0.08 0.27 0.21 0.19 0.09 0.16 0.12

bJES 0.15 0.08 0.35 0.57 0.13 0.44 0.25

MC 0.56 0.62 0.48 0.19 0.57 0.25 0.38

Rad 0.09 0.26 0.42 0.28 0.13 0.32 0.21

CR 0.21 0.31 0.31 0.48 0.23 0.43 0.31

PDF 0.09 0.22 0.15 0.07 0.12 0.09 0.09

DetMod | <0.01 0.37 0.22 0.25 0.09 0.20 0.10

b-tag 0.04 0.09 0.66 0.11 0.04 0.22 0.11

LepPt | <0.01 0.20 0.07 <0.01 0.05 0.01 0.02

BGMC 0.10 0.16 0.06 0.11 0.11 0.08 0.10

BGData 0.15 0.19 0.06 0.03 0.12 0.04 0.07

Meth 0.07 0.15 0.08 0.07 0.06 0.06 0.05

MHI 0.08 0.05 0.02 0.06 0.06 0.05 0.04

Total Syst 0.85 1.25 1.40 0.99 0.82 0.92 0.71

Total 1.00 1.48 1.44 1.03 0.94 0.94 0.76
yindf | 1.09/3 | 0.13/1 | 0.34/1 | 1.15/2 245/5 1.81/4 || 433/10

Y~ probability [%] 78.1 72.0 56.2 56.2 78.4 77.1 93.1

LCWS Belgrade October 6-10, 2014
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CMS

Extrapolating standard methods
* Run 1 -> Run 2 and beyond

Increased pileup

2

Loss in trigger
efficiency

Compensation and help:
® increased Ot
® new techniques
® improved methods
® Phase-2 (HL-LHC) upgrades

(pioneered by ATLAS)

Use of 3D fitting methods

Constrain the relative
b-JES uncertainty

Appearance:
® b-JES stat. comp. (~0.7 GeV)
® b-tagging uncertainty

Differential studies
(pioneered by CMS)

l Handle JES dependence l

& non-perturbative QCD

Search for possible mis-modeling
to QCD & JES; treat such effects

Full NLO+PS MC tools
& data-driven constraint:

o

Allow a well-defined
MC mass scheme and

reduced scale
uncertainties

& improved MC
validation with data
and UE tunes

Opportunity:
® reduce as well double
counting of uncertainties (PU,
ISR/FSR evaluated separately,
but also included in JES)
® assume factor-2 reduction:
b-tagging, background shape,
PDFs, QCD effects

LCWS Belgrade October 6-10, 201
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CMS

Top Mass Outlook

= For the projections used the baseline lepton+jets measurement ,

at 7 TeV: JHEP 12 (2012) 105
o CMS PAS FTR-13-017 N -

AN /
o And more methods with higher stats A4 ,.:;’/
= Kinematic endpoints (Mj, distribution) -» o
» B-hadron lifetime (aka Lxy) = _
= J/Psi method ! Y
/ JAW- P ; wfé uw(e*)
CMSPASFIR13017 o —lol _Saties > o b /—'—\”
_ CMS preliminary projection - .dez’ESE_PS - -others / N
> 1.2 .. 30 fo" 300 fb" 3000 6" = move to
Q B 13 TeV 14 TeV 14TeV oy ’
S | : 2/ 3D fit
> 1 L @
= ] 5 dadicated eiican 7 | 13 | 14
- — -~ Q .
S o8| ° e Esdic Lime(fb7) | 5 | 30 |300
) E i
P differential N 1.810.8
S P ol Ixy 8Tev)| 3.4 | 1.3 | 0.6
o L
g 04 . fullNLO Endpoints | 2.1 | 1.1 | 0.6

Standard | 1.1 | 0.6 | 0.4

o
N
| R e I L]

LCWS Belgrade October 6-10, 2014 19



CMS

CMS updated combination

* Legacy Run I

19.7 0" (8 TeV) + 5.1 fo™" (7 TeV)

/

t f [ | I [ [ | | [ 1 | [ | [ [ | [ | [ [
measuremnent 1rom CMS Preliminary
. . CMS 2010, dilepton @755 - 46 - 46GeV
CMS (preliminary
p CMS 2010, lepton+jets ® 173.1 =+ 2.1 + 2.6 GeV
PAS TOP-10-009, 36 pb™ (value = stat = syst)
i ——
CMS 2011, dilept 172.5 = 0.4 = 1.4 GeV
D New ! EPJC 72 (201 ;)egzg':, 5.0 fb™ (value = stat + syst) °
CMS 2011, lepton+jets 173.5 + 0.4 = 1.0 GeV
CMS PAS TOP-14-015 R N S
CMS 2011, all-hadronic 173.5 = 0.7 = 1.2 GeV
Analysis Reference m Stat. uncertainty | Syst. uncertainty EPJ C74 (2014) 2758, 35 10" —— (velue = stal = &v<0
t : ) CMS 2012, lepton+jet 172.0 = 0.1 = 0.7 GeV
(GeV) (GeV) (GeV) PAS TOP-1 4:)21?:;.1‘7f:" (value = stat = syst)e
2010  di-l [4] 175.50 4.60 4.52 CMS 2012, all-hadronic ® 1721 = 0.3 = 0.8 GeV
I+ jets [5] 173.10 2.10 2.66 PAS TOP-14-002, 18.2 b (value = stat = syst)
) ——
: CMS 2012, dilept 5 +02 =1.
dl_'l [6] 172.50 0.43 146 PAS TOP-14-(;1FE)? 1?7 fb! 2\Zui + (s)t:t x 1sv45tc); v
2011 l + ]ets [7] 17349 027 103 CMS combination ~ 172.38 = 0.10 = 0.65 GeV
all-]ets [8] 173.49 0.69 1.23 September 2014 (value = stat = syst)
di-I [9] 172.47 0.17 1.40 Tevatron corpbination T 174.34 = 0.37 = 0.52 GeV
2012 [+ jets [10] 172.04 0.11 0.74 ::'Vlff” a':_'“‘t‘_‘°7-f:” N\ j";;“;; ;‘27 syzt’ﬂ cov
. - = U. *= U. e
alljets | [11] | 172.08 0.27 084 AT"EAls?‘éB‘F,'Z‘;‘n's‘?’.‘m (e ot o
| | | | | | | | | | | | | | |

165 170

175

180

CMS combination
September 2014

172.38 + 0.10 = 0.65 GeV
(value =+ stat + syst)

m, [GeV]

LCWS Belgrade October 6-10, 2014
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S tH

= ttH => square of top Yukawa coupling
o One of the key points of Higgs physics program

LCWS Belgrade October 6-10, 2014 e 21



Branching Ratio (BR) = 58%.
Multiple b-quarks => challenging
to reconstruct Higgs

o Large background from
ttbar + jets (including heavy
flavor)

CMS, |

= Br(H—VV) = 22%

» Leptonic decays of W / Z bosons
and tau decays can give distinct
multilepton signatures

o ZZ is the best VV channel to
reconstruct Higgs.

» Main background from ttbar+W/Z
and non-prompt leptons

BR (H — diphoton) 0.2%
Higgs boson reconstructed as a
narrow peak

Non-Higgs backgrounds from
ttbar+0/1/2 photon(s) and QCD
multi-photon / jet final states

LCWS Belgrade October 6-10, 2014
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S ¢H H — bb

S [ ATLAS Preliminary e Data
% 100/ ) Ldt=203" 1s=8TeV - g: ggg; norm
= ttbar + jets (incl.HF) backgrounds & | 2950 %;};gg_m
are highly 1mportaqt 80f~ %gigb_
a Low Njets? Nb—jets re;glon (5.]? Sb) ) . e Qg?é}tunc.
allows to constrain HF systematics 60—
= Would profit from knowing the exact [ 27 A
HF content in ttbar + HF - » //QIVW
40+ e )
a ATLAS-CONF-2014-011 - i e Y
; G i Yy e
4j,2b 4j,3b 4j,>4b  ATLAS i MW%’
Preliminary 20— , W/ M%f” '
Simulation 4 77
@ @ @ mH: 125 Gev =3
1s=8TeV - SO S S = =
5j,2b 5j,3b 5j,>4b ] tlgh £ 125 2 V05 /"
B 1i:bb ~ % %
| I— AT .
=l 8 TR 7)) R
S/B = 2.3 = S 05708 06 -04 -0.2 02 04 06
>6j,2b >6j,3b >6154b > NN output
Single lepton
@ » Similar approach in the
/B < 0.9% | |S/B=3.8% dilepton channel
tt + light
tt + c(c)

@ B i+ b(b)

LCWS Belgrade October 6-10, 2014
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Yy
bb
Thth
4]
3l

Same-Sign 2

ttH, Run 1

Some ATLAS and CMS Run 1 results

o Combination for CMS and H — bb (dilepton and lepton+jets) for
ATLAS

* Run 2 will answer many questions

CMS {s=7TeV,5.0-5.1 fb"; (s =8TeV, 19.3-19.7 fb"
= I
- R
Dilepton
— L
- —i |
Lepton+jets
— L
— —l— Combination
R +1.0 -
L I L 1 Htut H |_| 1 2- .|8| |_ Q : 9| L I L 1 L I 1 1 1 I L L 1 I

Combination —

}5:4

-10 -8 -6 -4 -2 0 2 4 6 8 10

arXiv:1408.1682v1

Best fit o/og,, at m,, = 125.6 GeV

CMS

ATLAS Preliminary {s=8 TeV, JL dt=20.3 o™

T T T T I

tot.
stat.

T T T T T T T T T T T T | T

(tot) (stat)
29 +£23 (1.4) |

— &

- —e— 1.3+£16 (0.8)

- e 17 £14 (0.7) 7]
| - 1 P I T S NN T S W NN S SN S S
0 2 4 6 8 10

best fit p=c/c_ for m =125 GeV
SM

ATLAS-CONF-2014-011
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ttH, Run 2: Systematics

Modeling uncertainties a
-1 -0.5 0 0.5 1
T T | T T | T T | T 1T | T 1T | T

o C M S and ATLAS tt+bb normalisation W
LightTag1 /./
Rate uncertainty fieHF tTp, RW //«/;////
Source Signal | Backgrounds | Shape ff MCgen RW é{/
Experimental ti+cC normalisation '_%—
Integrated luminosity 2.2-2.6% 2.2-2.6% No EAHE MG.PP /
Jet energy scale 0.0-8.4% 0.1-11.5% Yes R //
CSV b-tagging 09-21.7% | 3.0-29.0% | Yes ones — g

Lepton reco. and ID 0.3-14.0% 1.4-14.0% No tf cross section %“_—
Lepton misidentification rate (H — leptons) — 35.1-45.7% Yes tt+HF top p, RW 7
Tau reco. and ID (H — hadrons) 11.3-14.3% | 24.1-28.8% Yes CTag1 ,_,_%
Photon reco. and ID (H — photons) 1.6-3.2% — Yes BTaga /
MC statistics — 0.2-7.0% Yes 5 g
Theoretical CTag2 : 7
NLO scales and PDF 9.7-14.8% | 34-147% | No JEST — /ﬁ//
MC modeling 2351% | 09-168% | Yes £V cross saston | g 5
Top quark pt — 1.4-6.9% Yes BTag2 I '
Additional hf uncertainty (H — hadrons) — 50% No - : 17;
H contamination (H — photons) 36.7-41.2% No d . Z :
WZ (ZZ) uncertainty (H — leptons) — | 22% (19%) No ATLAS ——

Prellmlnary mH=125 GeV 7////A Post-fit Impact on
I|IIII||III|IIII|IIII|IIIIIIIIIlIIIIlIIII'II

2 15 -1 05 0 05 1 15 2
(®-6,)/A0
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ttH & tH, H — diphotons -

Why Higgs to diphoton channel?
o Excellent mass resolution

tH => Strong interference between tH diagrams

o Sensitive to the relative sign of ttH and WWH couplings
arXiv:1211.3736v2 [hep-ph]

a"O(pp — thj) [b] | o°(pp — thjb) [fb]

cr=1 ep=-1|cp=1 ecp=-1
8 TeV 17.4 oL 5.4 79.2
14 TeV 80.4 1042 26.9 363.5

Analysis selection

tHjb cross section vs top Yukawa coupling value

tHjb

a Same frigger and photon selection requirement as in H to diphoton
a p>15GeV, pt> 10 Ge, pi> 25 GeV

Hadronic channel: 5/6j, 21/22 b-tags, lepton veto

o Optimization

= Suppress non-Higgs processes

= High purity of ttH w.r.t. non-ttH Higgs processes (ggF)

Leptonic channel : N, 2 1, M., veto, Ny, 2 1, minimal MET
a  Optimization: High ttH signal efficiency

LCWS Belgrade October 6-10, 2014
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Run 2: Recap

S L4 pam atAs
© . {s=8TeV [Ldt=20.3fb"
= 3 TeV Run 1 ATLAS paper 3~ Becoondn ﬁsH,Hiyjy, - 125.4 GoV
SU.bmltted to PLB L% """ h=T14 8 TeV leptonic category

o arXiv:1409.3122 [hep-€ex]

o u(ttH) > 6.7xSM (4.9xSM) .
excluded (expected)

IlIIIlllllllllllllllllllll

w
_IIIIIlllllllllllllllllllll_

o Top Yukawa coupling limits
= ¢, <-1.3 and ¢, > +8.0 are excluded T10 120 130 140 150 160
m,, [GeV]
Category Ny | ggF VBF WH ZH +#H @ tHgqb WtH Np

7 TeV leptonic selection 0.10 || 0.6 | 0.1 149 4.0 | 726 5.3 2.5 O.5“_“§:§
7 TeV hadronic selection 0.07 | 10.5 1.3 1.3 1.4 | 80.9 2.6 1.9 O.5t8:3
8 TeV leptonic selection  0.58 | 1.0 0.2 8.1 23 803 5.6 2.6 | 0.9

8 TeV hadronic selection 0.49 || 7.3 1.0 0.7 13 842 34 2.1 2.7E§f§
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Run 2: Recap

& 5.+ Das amas
< N L,
= 8 TeV Run 2 ATLAS paper g 4:_—Background fit :TEH_ Z ijyj?l’_,drtn ; io{z :4 o
submitted to PLB & Foes e 8 TeV leptonic category ]
o arXiv:1409.3122 [hep-ex] 3;‘ E
o u(ttH) > 6.7xSM (4.9xSM) 2 E
excluded (expected) s S :
o Top Yukawa coupling limits : ]
* ¢, <-1.3 and ¢, > +8.0 are excluded ~fi0 120 130 140 150 160
m,, [GeV]
ttH [%] tHqgb %] WtH [%] ggF [%] WH [%]
had. lep. had. lep. | had. lep. had. lep.
Luminosity +2.8
Photons +5.6 +5.5 +5.6 +55 | £5.6 55 +5.6 +5.5
Leptons <0.1 +0.7 <01 06| <01 0.6 < 0.1 +0.7
Jets and E%‘iss +7.4 +0.7 +16 +19 | 11 +£2.1 +29 +10
Bkg. modeling | 0.24 evt. 0.16evt. applied on the sum of all Higgs boson production processes
Theory (o X BR) +10,-13 +7,-6 +14,-12 +11,-11 +5.5,-5.4
MC Modeling +11 +3.3 +12 44 | £12 +4.6 +130 +100
vy
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Run 2 and beyond: Conditions

» Higher center-of-mass energy

o Acceptance x Efficiency should stay the ~same
» Larger momenta of ttH decay products
* Might need to increase some object py cuts (jet py? lepton p?)

= Photon ID, lepton isolation, jet resolution
o Don’t expect huge changes
* A lot more data

o New categories?
o Better optimizations?

* In Run 2 systematic uncertainties did not have a
large impact on the limits

o In Run 2 (and beyond) this will change

@ LCWS Belgrade October 6-10, 2014
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Systematics: Run 1 -> 2 (and beyond)

" N, and HF uncertainties are essential for many
optimizations
o With higher statistics they will greatly limit the
sensitivity
" N,.s: will be constrained with more data
o ggF + jets (hadronic), WH + jets (leptonic)
o Additional N;,, categories?
= HF
o ggF + HF (hadronic), WH + HF (leptonic)
o Additional N;., categories?
o Learn from tt+HF and from tt+H(bbbar)
= These will help to improve theory predictions too
= JES and other typical top analyses uncertainties
o Profiling?
o JES-independent observables?

@ LCWS Belgrade October 6-10, 2014
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More channels

= More data = better selection optimization
o Dilepton category

* Including Lepton+tau

o Tau + jets category
» Expect low S/B

o Reoptimize all-hadronic category?
" Requires reduction of N,.,. and HF uncertainties

* Discriminate ggF vs ttH (hadronic) to gain ttH signal
» Need Monte Carlo simulation of H + 24 jets production
*» For instance, can then go down to 4 jets selection

o Split in N, Ny, Dins

o Inputs to a Multi-Variate discriminant
* Photon kinematics to distinguish ttH from non-ttH

@ LCWS Belgrade October 6-10, 2014
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HL-LHC prospects

= HL-LHC is the benchmark Higgs factory

o Theoretical uncertainties affect the ultimate precision

achievable by LHC experiments
» Reducing them it is for sure worth the effort

» Both in MC and data-driven way (the latter would be
preferable but not always possible)

CMS Projection

Expected uncertainties on

T T T T T T T T T T T T T
I [ [ [
— 3000 fb"at fs=14 TeV Scenario 1

300F

}5:4

. . e , 9 - N CIttH
H|ggs boson couphngs — 3000 fb"at fs=14 TeV Scenario 2 g - ATLAS Simulation CJWH
; 250 - —zH
Ky [t 2 - f L dt = 3000 fb = ueF
Ky [ 2 200F Doz
o F CIw
Kz —+— kT E diphoton
ke b— 150 ) ttbar
g ...
Ky - Agui < 10%
K: b—ua 50 i i BHit
1 PR T TR T AN NN TR SR SN S WA S N S N N E---’-I‘--..ln.--ln-..l.-.'nl
0.00 0.05 0.10 0.15 900710 120 130 140 150
Systematics: expected uncertainty diphoton mass [GeV]

Scenario 1: unchanged
Scenario 2: scaled 1/sqrt(L)
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Qutlook

» Really looking forward to Run 2 and beyond
* Top Mass

o Challenging measurement, but expect to reduce
systematic uncertainty to few hundred MeV

= ttH

o Get from setting limits to performing the measurements

o Test the anomalous top-Yukawa coupling
= Exclude C=-1 early on in Run 2

o Re-optimize, add channels, get the most from the
available data

* (many other) Top Properties
o Many things are still unknown (to the desired precision)
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