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The top-quark pair production cross section at 100 TeV is ~ 35 nb (3.
events at 10 al), and top quarks are much more boosted than at the LH

d

The largest fraction of multi-W production comes from top decays.
The associated production with H, W and Z is not rare. The high sta
lows In principle for precision stydies.



What Is new for SM top-quark productiana FCC?
Are SM predictions under control?

How can we exploit top-quarks at 100 TeV for discover!
or constraining BSM effects? (examples)

How do we tag highly boosted top?
Can we really distinguish them from QCD |ets?



QCD effects int®
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- NNLO: a few percent accuracy on the total cross sec
- At large invariant mass, tops have typically la
rapidities. The gluon-gluon initial state (t-channel)

dominant also at large invariant mass.

- Multi quasi-collinear emission of gluons from boos
tops lead to a softer spectrum (FONLL vs NLO).
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based on Cacciari, Greco, Nason, arXiv:hep-ph/980340(



EW effects int®
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- At large pt (5-12 TeV) Sudakov logs are ~ - (20-40) %, which is a giant EW corr
for the LHC standards, but it is indeed OmoderateO for FCC standards (in VV } - 8
- QCD corrections decrease at vey large pit.

- At large invariant mass, tops have typically large rapidities and thus smalle
corrections (~ 10 %), which are anyway fundamental for precision physics.
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Maltoni, DP, Tsinikos, arXiv:1507.05640
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- The energy dependence is strongly affected by the parton luminosities; neutr
states grow faster, since they originate from gg at LO. At 100 TeV, ZOs and
produced in association with top-quark pairs more often than WOs

- Charged final states involve gluon-initiated channels only at NLO, which conseq

adds very large corrections. "
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b (t8 distribution Int&/

based orMaltoni, DP, Tsinikos, arXiv:1507.05640

W (), LHC100

d! /dp; [pbrbin]

NLO — :
LO —

| LOunc. =1 NLOunc. ===

MadGraph5_aMC@NLO

0 100 200 300 400 500 600
pr(tt) [GeV]

700 800

10 |

d! /dp; [pb/bin]

(M) "(Hg)
RPNW RPN RPNDW [

o my

M/Hg  HalHg
)

ot

U, ol 0l o

- iZ (), LHC100 NLO —

LO —

MadGraph5_aMC@NLO

0 100 200 300 400 500 600 700 800

pr(tt) [GeV]

At LO top-quark pairs recoil always against V. At NLO, at large pt,
mainly recoil against a jet, which can emits the V, leading

correction of order" s log? [pr (tB/m w]
teV *q

in tAV* |, whengg !

. The effects Is further enh

has a gluon in the initial state, w

the LO has not it.1500 % corrections at 800 GeV!



d! /dp; [pb/bin]
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If NLO is 1500 % should we worry abo
NNLO or even h.o. correction$®O!

I

In this regime we can limit the analysis
t @V *j , which does not exhibits tt
pathological behavior. The same app
for tBH] antl &

BSM
t @V *j can be used for studying top
W scattering. Limits ongR  are expec
at the percent/permill level.
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arXiv:1511.03674

Dror, Farina, Salvioni, Serre



cen

tral asymmetries oV *

Py = lvd) b (el < lyd) Maltoni, Mangano, Tsinikos, Zaro

AT Tyl > e+ 1 (lyel < Iye)  8rXivi1406.3262
8 TeV 13 TeV 14 TeV 33 TeV 100 TeV
| (pb) | 1987, 661, 12y 78671 463075,
Ac(%) | 07270 0457 04370 0.2670 03
| (fo) | 21070, 587} 1o 678 1y 32207y,
N Ac (%) 2-37!+00'.gg 224{001%3 2-23!+Oo'.g§ 1-95l+oo:§g
Ac(%) | 8501 7540 750703 537 %%
AS(%) | ! 1483, 5. ! 13165 11284, 2% 1921 %
q t
100 TeV (L = 3000 fb' 1): g
el AL = 3%, ! o AD =2%,1 AL = 1%
77w [

The W emission selects quark-antiquark initial states and polarizes the top g
It iIncreases the asymmetry for the decay products and also eliminates the la
symmetric contribution the from the gluon-gluon initial state.
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| tt-H(pT,t > p_l_min)/! tt_z(pT,t > mein)

¥ determination via@H an@

Mangano, Plehn, Reimitz, Schell, Shao arXiv:1507.08169
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- Very similar kinematic distributions

t8H andt® have correlated uncertainties

Fac./Ren. scale, PDFs, top mass

Ratios of (inclusive) cross sections have
~ 1-2 % theoretical uncertainties.
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¥: determination viafH
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The cross section depends'fm to the fourth power.
It does not depend otiy( , since the Higgs is off-shell.
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top dipole moments with ultra-boosted tops
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top dipole
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+ Invariant mass selection |z selection|S/B

moments with ultra-boosted tops

. At large invariant masses, the sensitivity on anome
. moments Iincreases. Tops are ultra-boosted.

At pt =5 TeV top decays in a cone of R ~ 0.05.

- |
. [HOW DO WE DISTINGUISH ULTRA-BOOSTEL

TOP-JETS FROM A QCD-JETS?

. Example from this analysis: Muon from top dec

are more boosted than muons in QCD |ets.

:[SELECT JETS CONTAINING A HIGH-PT MUON

Mg > 6 TeV z, > 0.5 |0.39
mig > 10 TeV z, > 0.5 |0.74
Mg > 15 TeV z, > 04 (0.25




Muons are a clear signature, yet only a si
fraction of tops decay Iinto a muon.

muon+jets
tau+jets

tautjets
muon+jets

electron+tjets

CAN WE DISTINGUISH AN ULTRA-BOOSTEL
TOP-JET FROM A QCD-JET, IF THE TOP DECA
HADRONICALLY?

, combining the information Larkoski, Maltoni, Selvagg

from charged tracks arXiv:1503.03347
! 15



Tagging ultra-boosted tops

CHALLENGES:

- Tops with pt =5 TeV decay in a cone of R ~ 0.05 ~ an LHC calorimete|
Thus, Jet substructures cannot be studied via the hadronic-calor
iInformationonly.

!

- Jet mass is highly affected by soft radiatioA:! pr p$°"R? N> an em
with pt = 5 GeV from a top with pt = 6 TeV contributes to the jet-mass |
than the top mass itself.

|

- Both ISR and FSR contaminate the top-jet. Top radiation (FSR) has a
coneO withRg.. ! myp/pT.  around the top.

ISR contribution tom? - scales®$
!

ﬁ;creasing pT

Process pr > 5TeV | pr > 10 TeV
) (&) Process pr>1TeV | pr > 5TeV | pr > 10 TeV
pp” 18|28 24 (pb) (fo) (ab)
PP " :ﬁ’ 3446 2476 pp" Z'" t#(mz =3 TeV) 4.6 -
by ' ' pp" Z'" t8(my =15 TeV) 7.1e-03 4.7 ;
pp" t&Y 0.30 3.1 pp" Z'" t@(mz =30 TeV) 7.1 e-05 6.5e-02 48
pp" tHH 7.4e-02 0.65 16



Tagging ultra-boosted tops

STRATEGY:

Larkoski, Maltoni, Selvaggi arXiv:1503.03347

_ Cluster jets with anti-kt R=1. Then recluster jet with= C , (C
constantpt is from the original jet with R=1). PT ISR
Thus contamination is reduced around the dead conerdnd m,, 1+ c2Pr

| PT

- Use standard calorimeter information for jet total energy and only trac
iInformation for substructure. Also redefine &ss m =
I

- Set cuts on the value of m and use OstandardO substructure observ
tracking information. In particular, ratios of N-subg'ettinesgffg’( ) an
combination of n-point energy correlation functions 1 * ) in orde
identify 3-prong jets

racks Mtracks
S

("3 o) e 7
"3"2 = %I) # Ppr;min R;,..., R v
"2- 1€J

Thaler, Van Tilburg,
arxiv:1011.2268 & 1108.2701
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Tagging ultra-boosted tops
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signal efficiency

gluon mis-tag rate
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Conclusion

The top-quark pair production has a large cross section at 100 TeV ~ 35 n
are produced at large rapidities and the pt spectrum is also much harder the
LHC. Theory accuracy is already a few percent (NNLO QCD + NLO EW).

Associate production modes (H, Z, W) and four-top production are not rare
processes. Precision studies on top couplings (and more) can be performed

The boosted regime allows to study properties of the top (e.g. top dipole
moments), yet tagging a top with pt > 5 TeV Is not easy, it decays in R ~ 0.0!

Possible ways for identifying boosted tops are the selection of high-pt muon

the decay (low rates), or the analysis of jet substructure based on charge-tre
Information.
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EXTRA SLIDES



t-jet from ttbar vs ttbar-jet from ttbar+1]
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Single-top production
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N-point energy correlation functions

The (dimensionless)n-point energy correlation functions are debned as (fon = 2, 3, 4)

[72):
|
o 1° !
Pt i<j 13 :
|
O !
& = = pri Prj Prk (Rij RikRjk)™
PT ek 13
1
eﬁf) - 7 pri Prj Ptk P11 (Rjj Rik Ril Rjk Rji Ra)' . (2.12)
PT kel 13

where Rj; is the boost invariant angle between particlesi and j. Employing power count-
ing of the soft and collinear regions of phase space, Ref/J showed that the particular

combination
W o TEL
cam . B8 ey € ey €
Dj ! 3 T X e t Y —" T )#2 : (2.13)
e(s” p eg) 7 e

for angular exponents a, 3,~ is the optimal observable for identibpcation of 3-prong jets
formed from the energy correlation functions. Here,

$ % oy o
B

e $ %(SJ" 2! )
(pcut 2 2 (pgl_ut)Z 2 )
X = K1 T2 y Y= R2 5 ) (2.14)
Miop Miop

wherep$"t is a proxy for the pr bin of the jet sample of interest. We will take x1 = 2 = 1 for
simplicity in the following, keeping in mind that varying their values may provide improved
discrimination. We will Pnd that réfz) and Dg"! *) are complementary observables for
boosted top identibcation.
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