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Why study tops @ HL-LHC ?

Large number of tops @ LHC, 10x more @ HL-LHC !

3 ab”

Adelman et. al [1309.1947]
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HL-LHC is great laboratory for doing high precision top physics 4



Outline

« Experimental aspects
e Top Measurements @ HL-LHC



Detectors

High luminosity comes with high pile-up (150 — 200), event rates and
radiation damage:

- ATLAS and CMS will implement track triggers (event rates)

- High granularity pixel detectors (PU rejection, b-tagging)

- Extended tracker coverage up to |eta| < 4 (b-tagging, pile-up
removal, fwd jet tagging, MET resolution)

- Extended muon coverage
- High Granularity Calorimeters (PU, high p.)

High angular resolution is key in
high pile-up, high p,
environment




Events/5 GeV

w/o extension
with extension

Exp. issues (low p.

Pile-up can affect top measurements at low top

p, (~ 100 GeV):

* b-tagging efficiency
« Jet energy resolution
« Missing E; resolution

— more granular detector

ATLAS-PHYS-PUB-2013-009

— efficient PU subtraction methods (cf. PUPPI)
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Efficiency

Exp. issues (high p-

High luminosity comes with high p, tops as well..

Top decay products become more collimated:
RWb)~2m/ P+ (fOI’ AR ~ 0.4 for pT=1 TeV) (cf. M. Spannowsky 'talk)

— need jet substructure techniques, and high detector granularity

At high top pT, less impact of pile-up on jet pT, but QCD and pile-up can

affect other observables (ex: jet mass, shape)

— need grooming techniques
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Top Measurements
@ HL-LHC



Top studies

SM BSM
>
mass kinematics (anomalous) FCNC direct search
couplings rare decays
Inv mass spin corr. gtt t—qZ SUSY stops
EndPoint A tWhb(d/s) t—qgH T-partners
JY differentials tty/Z t—qg L'—tt

L

Xy

Cross sec.

ttH (g = u/c)
t—W(d/s)
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Top studies

SM BSM
.
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couplings rare decays
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deviation from D=4 SM lagrangian:

The EFT approach

A Standard Model measurement can be seen as a search for

6
LS —L‘SM+ZA20 +

Grzadkowsky et. al [1008.4884]
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Top anomalous (and flavour
violating) couplings

can be derived from EFT:
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gtt coupling

Enhance chromo-

A gs — _ A . .
[_‘,tggstq'”’;tG3+ﬂ;tJ“V(dv—l—sz’y5);inw1 electric/magnetic

A ‘\ contribution by going
M (- a) .y at p>m,
SM via loop

Agwlar Fuks and Mangano [1 412.6654]
0;‘12 r | ! T | T | lfl.l' T T | |
L Te\.ratrc:n K

Strateqy:

0.08

0.04

 use boosted techniques to tag tops and

reduce QCD background <o
« measure 0,(m > 1(2) TeV) to constrain oouf |
SM
d,and d, 08
L R T T

13

see MLM's talk for 100 TeV projections ...



tWb coupling

enhance at g>M,,

g -iotq,

L = —LE_)Q*“(VLPL + VRPR)tVV; — (gLPL + gRPR)tW’: + h.c.,

e V3 M

thanks to F. Demartin and G. Durieux
SM

« V. =V,_in the SM
« AV, ~ 5% well constrained

. AV, ~ 2.5 % with 300 fb' (3 ab™)
Agashe et. al [1311.2028]

Strateqy (suggested by M.Mangano):

pp —>tb(LO) —9=9%=00

107 & (s =14 TeV
C _gL=gR=0'1

 s-channel single top production perfect candidate
« probe off-shell region g >> M, 2 by selecting

events such that m 4, > 1(2) TeV

— enhance sensitivity of cross section to g, g, f
10 0 R
— reduce QCD backgrounds 1000 1500 2000 2500 3000

m,, [GeV/c?]

do/dm, (pb/100 GeV)
o

—
<
w
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tWb coupling

« Atm _ >1-2TeV, top decay products will be very collimated, need

boosted techniques, also b-tagging tricky, but possible
« Backgrounds: QCD (dijet), ttbar

VERY PRELIMINARY (LO parton level) analysis: Anti-top tagger

etk WTALR=4m /e m,, < 120 GeV
; 1.0TeV<pT<2.5 Tev

e 2 central jets, p, > 600 GeV,

em, > 2 TeV

1 top-tagged (eff = 30% , mis = 0.1%)

* 1 b-tagged (eff = 50 (30)% , mis = 1(0.1)%) and N
Anti-top tagged (eff = 50(50)%, mis = 0.5(0.1)%) T pefidiency

etal < 2.0

topmis-tag rate

=== CcoONservative

== gggressive



tWb coupling

m. > 2 TeV

s-channel ST

ttbar

dijet

(fb)

O-fiducial

82 (50) ab

105 (12) ab

750 (80) ab

=== coONservative
== gggressive

Ao/ogtat (300 fb ~T)
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Can do better by:

going NLO
include tW channel



ttZ coupling

o enhance at g >> M,

B 10t g .
Lizz = eu(pt) [’Y“’(Cfv +75C1a) + T;(OEZV + 1’?5022,A)] v(pg) Zp

}

SM _
¢ THOTOO00 ——— |

c,,=024,C%,, =-0.60in SM NN Z

ttZ rate (x4) from 8 to 14 TeV PP

Rontsh and Shulze [1404.1005]
Strateqy: -
41072

3 Cov =Cop = 4020 —mmm _

process: t t Z production (no background!)
when has significant boost, enhance sensitivity
of cross section to C%,ui G

0 7 ~ 800 fb, but clean signal in 3 leptons,

"NLO - 10
1 Il | 1 | 1 | 1

0 100 200 300 400 500

prz(GeV]

(see. M. Shulze's talk)

with m ~m,



ttZ coupling

Rontsh and Shulze [1404.1005]
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> 200F
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ttH

T -1 B
oM. tla+ i)t H

« ttH not observed yet at the LHC

* O 4tH ~ 700 fo-1 @14 TeV

Eventually, sensitivity driven by

H — vy (almost syst. free)

Adelman et. al [1308.5274]
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Top FCNCs

« FCNC appear through loop correction in the SM, and are heavily suppressed by GIM
« Can probe through flavour violating couplings in EFT:

= Lepr = ol Xl PL + 2 PRIZ + i Xkl (g + Kg15) 12,

2ew

+€)\qt§( gt =+ Ag{%)%@qﬂ + gqutﬁ(qu =+ C&VS)%TQQGWL

’ﬁ'

+2% 9qtq(9g: + g5 ) tH + h.c.

« Any measurable BR is a compelling indication for new physics

Agashe et. al [1311.2028]
Process SM  2HDM(FV) 2HDM(FC) MSSM RPV RS

t—=Zu Tx10717 - - <1077 <10°® -
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— Lefs =

2ew

+eAgtq(Age + AG75)

Top FCNCs

« FCNC appear through loop correction in the SM, and are heavily suppressed by GIM
« Can probe through flavour violating couplings in EFT:

J thﬁ'}’ps(ﬁfé’tPL + :cﬁPMtZ“’ -

’ﬁ'

2ew

+2% 9qtq(9g: + g5 ) tH + h.c.

« Any measurable BR is a compelling indication for new physics

Agashe et. al [1311.2028]

Process SM 2HDM(FV) 2HDM(FC) MSSM RPV RS
t—Zu Tx107Y7 — - <1077 <107t —
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— 10,,q7
o Xqtkqrd(Kge + KatV5) iy 1 4u

—w”;q tAF + gqutﬁ(qu + C3375) zcrxtq TqG™"

Aguilar-Saavedra [0811.3842]



Signal:tt >WbZq
Backgrounds: tt, WV, ttV

Selection:

e 3leptons + MET + 2 jets (1 btag)

. m(Zj)~mtOID
e Mm(Whb)~m,

op

t—Zag
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Phys. Rev. Lett. 112 (2014) 171802

Uncertainty (%) | 19.5fb™" @8TeV | 300fb™" @14 TeV | 3000fb~ " @ 14 TeV
Jet energy scale 13.5 3.5 3.4
Et resolution 3.2 3.2 3.2
MC Statistics 5.3 1.4 1.3
o(tqZ)/ o(Vtt) 3.1 1.0 0.8
b-tagging 17.7 4.5 4.2
Total 23 7 7

B(t = Zq) 195fb T @8TeV | 300fb ' @14 TeV | 3000fb ' @ 14 TeV |)

EXp. ield 32 26.8 268

Expected limit < 0.10% ) < 0.027% < 0.010%

1 0 range 0.06 = U.13% 0.018 — 0.038% 0.007 — 0.014% 22

2 o range 0.05 — 0.20% 0.013 — 0.051% 0.005 — 0.020%

N

> 4
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Current limits

ATLAS Preliminary

Other FCNC's

Future limits

BR(t— uH) BR(t— uy)
F I Li TIERA - Y T -y -y -y
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1
K Skopven's talk

BR(t—> ug)

Process Br Limit Search Dataset

t— Zg 22 %1074 ATLAS tf - Wb+ Zg — fvb+ £ég 300 b=, 14 TeV
t— Zg 7Tx 1075 ATLAS tf — Wb+ Zq — fvb+ £6g 3000 fb~1, 14 TeV
t— Zg 5(2) x 1074 ILC single top, Yu (Ouw) 500 fb~1, 250 GeV
t—Zq 15(1.1)x 1075 ILC single top, Yy (0uy) 500 fb~1, 500 GeV
t— Zyg 1.6(1.7) x 1073 ILC t, v, (0uy) 500 fb~1, 500 GeV
t— g 8 x 1075 ATLAS tT = Wh+ g 300 tb~1, 14 TeV
t— g 2.5 x 107° ATLAS it — Wb+ g 3000 b1, 14 TeV
L — g 6 x 1072 ILC single top 500 fb~1, 250 GeV
L — g 6.4 x 1076 ILC single top 500 fb~1, 500 GeV
t— g 1.0 x 107* ILC i 500 fb~1, 500 GeV
t — gu 4% 1078 ATLAS qg -t —+ Wb 300 tb~1, 14 TeV
t — gu 1x10°% ATLAS qg =t — Wb 3000 tb=1, 14 TeV
t— ge 1x107%° ATLAS qg =t — Wb 300 fb~1, 14 TeV
t— ge 4x10°8 ATLAS qg =t —+ Wb 3000 tb=1, 14 TeV
t — hg 2x1073 LHC if —+ Wb+ hg — fvb+ £6gX 300 fb™1, 14 TeV
t — hg 5x 1074 LHC if — Wb+ hg — fvb+ £6gX 3000 b1, 14 TeV
t— hg 5% 10~* LHC tt - Wb+ hg — fvb+yyg 300 fb !, 14 TeV
t — hq 2% 1074 LHC tf - Wb+ hg — fvb+~yyq 3000 b1, 14 TeV

Agashe et. al [1311.2028]
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Summary and outlook

HL-LHC comes with important experimental challenges and opportunities:

- pile-up
- high p, events

— In order to maintain present performance need to
extend capabilities of our detector

HL-LHC will deliver up billions of tops:

— great opportunity to challenge the SM by measuring as best as we can:

- top properties (mass, couplings, FW-BW asym., spin correlation , etc...)
- rare decays (FCNC, t— Ws/d, tZ,tH,VV — tt)
- explore new ideas in the boosted regime to enhance sensitivity to

anomalous couplings (cf. ttg, tWb ..) 25

More info on SnowMass reports: [1311.2028], [1308.5274]



Thanks !
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ATLAS Phase Il upgrades

Essential to upgrade ATLAS
» Mitigate radiation damage
» Cope with higher pile-up
» Maintain or improve performance :

Muon Deteclors Tile Calorimeter
i %

Torold Magnets

Solenold Magret

Liquid Argon Calorimeter

! A \\
5CT Tracker Plxel Detector TRT Tracker

Main upgrades towards HL-LHC

» Read-out electronics and DAQ

» Updated trigger system
» Finer granularity
= Two hardware trigger levels (LO\L1)
* Tracking in lower level trigger

» New forward muon detectors

» New inner tracking detector

29



CMS Phase Il upgrades

M. Klute 30
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tty/ttZ

Collider LHC ILC/CLIC
CM Energy [TeV] 14 14 0.5
Luminosity [fb™1] 300 | 3000 500

SM Couplings
photon, Ffv (0.666) | 0.042 | 0.014 0.002
Z boson, Ff;:, (0.24) | 050 | 0.17 0.003
Z boson, FZ, (0.6) | 0.058 | - 0.005

Non-SM couplings

photon, F}', 0.05 - -

photon, FJy, 0.037 | 0.025 0.003
photon, FJ, 0.017 | 0.011 0.007
Z boson, F, 025 | 0.17 0.006
Z boson, ReFZ, 035 | 0.25 0.008
Z boson, ImFZ, 0.035 | 0.025 0.015

Table 1-5. Expected precision of the top quark coupling measurements to the photon and the Z boson at
the LHC |62, 31] and the linear collider [22]. Expected magnitude of such couplings in the SM is shown in
brackets. Note that the “non-standard model” couplings appear in the Standard Model through radiative
corrections; their expected magnitude, therefore, is 1072,
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