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Disclaimer: projections to be taken with

many grains of salt! Numbers change daily
or do not exist yet




how is top physics doing now?

e Tevatron and LHC
experiments have shown
that precision top physics
can be achieved at a hadron
collider:

* a true top factory
* very pure samples
* impressive results
* trampoline for BSM

* top measurements now a
« standard candle » for
calibration: jet energy scale
and b-tagging efficiencies!
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Tevatron+LHC m,, combination - March 2014, L =3.5 fo'-87 "
ATLAS + CDF + CMS + DO Preliminary

172.85% 1.12 (0.52+ 0.49 + 0.86)
170.28 £ 3.69(1.95 t3.13)
172.47 £ 2.01(1.43+0.85+ 1.04)
173.93 + 1.85(1.28 + 1.05 + 0.86)
174.94 + 1.50 (0.83+0.47+1.16)
174.00 £ 2.79 (236 + 0.55 + 1.38)
172.31+ 1.55(0.23+0.72 + 1.35)

e —_— — 173.09 £ 1.63 (0.64 +1.50)
CMS 2011, lejets bttt 173.49 + 1.06 (0.27+ 0,33+ 0.97)
CMS 2011, didepton NP — 172.50 + 1.52 (0.43 +1.46)
CMS 2011, alljots —_— 173.49 £ 1.41(089 +1.23)
World comb. 2014 X7 -3¢ - - 173.34 £ 0.76 (027 + 0.24 £ 0.67)

-o Tovaron March 2013 (Run b+ll) e 173.20 £ 0.87 (0.51£0.36061)

g O LHC September 2013 — e —t 173.29 + 0.95(0.23+0.26 + 0.88)

e , ! , totall (stat. IJES syst)
165 170 175 180

Mo, [GEV]

* LHC-Run2 challenge: profit of the higher CM energy without
suffering of the harsher running conditions. work in progress!
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e Standard Model precision tests

- When my, m,,, and my are known with precision ...
o ... Ihe standard model has nowhere to go !
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e top mass can tell us the fate of the Universe

Vacuum Instability in the Standard Model ]
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why? (3) o

* top as a portal to new physics:

* rare decays and FCNC processes

* top (anomalous) couplings

* indirect effects from loop contributions
* precision study of kinematic properties

* associated production with other objects (i.e. tt+Z/
W/H/DM etc)

* resonances or other new particles decaying in tt

* standing on the shoulder of LHC-RunZ2 results for all the new
bhysics connections!



* Mass (various reconstruction methods) & ['t

* decay kinematics

* couplings: A, gews, 8Ztt/yte

* rare decays & FCNC

* asymmetries

* measurements with single top

* tops in the initial state (topppr)

* physics with/of (hyper-)boosted tops

idea is to identify which future machines
would satisfy the requirements to perform
the desired studies and achieve the needed precision

Disclaimer: production of tt from NP would not be

treated here but in the BSM WG 6
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Production & decay & analysis i
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* analyses driven by production and decays modes

* pair production dominates at hadron machines and at lepton machines above
threshold (350GeV)

* single production with lower cross section exists at hadron machines and
lepton machines (below pair prod).

* (SM assumption) ~100% BR in Whb: final states classified on the basis of the W decay

» Strategy depends on targeted ttbar final state all hadronic

—

| P  “alljets™ 46%

[Seml-leptonlc: y B,

Isolated lepto

issing energy

* isolated lepton ID, momentum measurement

* missing energy measurement

| « Flavor tagging: we ", g
* b - identification T¥Ee T
* b/c separation

* b-Jet energy measurement

* light Jet reconstruction &

energy measurement

Jet
b @
' Universal A
(e . . il Zh @

"dileptons” . "lepton+jets”™
semi-leptonic

. All-hadronic
» global hadronic energy reconstruction
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* The methods that can be employed for the mass reconstruction are characterized by
different experimental and theoretical issues and uncertainties:

Which mass to measure!? (1)

e « Reconstructed » mass: from
a fit of the decay products in

Current Future
the various Ch anneIS. Center-of-mass energy L;Fee;\sf 13 TeV 14 TeV 14 TeV
° - Integrated luminosity 5~ | 30fb~! 300fb~! 3000fb?

MOSt reCIS.e Wa'y (\for nOW) at Fit calibration 0.06 0.03 0.03 0.03

hadron colliders. Has the b-JES 061 | 027 009 003

R Residual JES 0.28 0.28 0.2 0.06

problem of bemg correlated Lepton energy scale 0.02 0.02 0.02 0.02

th the real « ole » mMass in a Missing transverse momentum 0.06 0.06 0.06 0.06

Wi Jet energy resolution 0.23 0.23 0.2 0.06

. P . epe b tagging 0.12 0.06 0.06 0.06

way that brings in significant Pileup 007 | 007 007 007

. P Non-tt background 0.13 0.06 0.06 0.06

th eoretl Cal uncertainties Parton distribution functions 0.07 0.04 0.04 0.04

. . Renormalization and

at lepton collider could obtain factorization scales 024 | 01z 012 006

. . ME-PS matching threshold 0.18 0.09 0.09 0.06

precision of ~80MeV (CLlC Underlying event 0.15 0.15 0.15 0.06

Color reconnection effects 0.54 0.27 0.2 0.06

stu d)l) Systematic 0.98 0.60 0.44 0.20

. . istical 0.43 0.15 0.05 0.01

for the lepton collider case this Suatistica T L

method can be used above .
threshold (or for single top)

FTR-13-017 8
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Which mass to measure? (2)

* « threshold scan»: unique at lepton collider.

* easier experimentally, it is a counting experiment

* clearly theoretically, well connected to a theoretically well defined mass
* Two main systematics on the threshold measurement:

* Beam energy measurement: need to know beam energy to a fraction of MeV.

* can use the precision Z mass measurement from the Z pole or better the

m(W) and WW measurements. Can reach combined statistical precision on
Epc.y Of 0.3 MeV and 0.4 MeV

* Os :can profit of the measurement with Tera-Z ( if it comes flrst in run planning)
or can do a simultaneous 2D fit

2;1447_ - ]
o Lt threshold - 1S mass 174 GeV -
S 1.2 |- —TOPPIKNNLO —ILC 350 LS+ISR .
'-.8 B — CLIC 350 LS+ISR —FCCee 350 LS+ISR ]
O 1 —
7)) - i
8 ?
o 0.8 =
o - LS & ISR bfoadening ISR tail 1
TLEP | 4x650fb" | 1000000 | 10MeV 06 =
) 0.4 - BS tail ]
ILC 350 fb'! 100,000 30 MeV - §
0.2 based on CLIC/ILC Top Study
- EPJ C73, 2540 (2013) -
0 | | | | I | | | | ‘ | | | | I | |

345 350 355 9
Vs [GeV]
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2D ﬁt tO mtop and I S

Measuring Top Mass and Strong Coupling (from CLIC
L T ©r ¢ ¢+ [ Fr *r &g
04960 255 » 2D template fit to cross section
- i eV;0.1179] _‘ IS top mass and ¢z combined 2D fit
] : m, stat. error 34 MeV
il m, theory syst. (1%/3%) | S MeV /8 MeV
0 116—— | o stat. error (0.0009
] i o theory syst. (1%/3%) [ 0.0008 /0.0022
S |CL.IC .
173.95 174.00 174.05
top mass [GeV]
» Alternative: 1D fit - Taking as as input with current WA uncertainties
Ami = (+ 22 (stat) + 20 (as) += 18 / 56 (theory 1%/3%)) MeV
| Differences to ILC due to different luminosity spectrum small:
10% to 20% reduction of statistical uncertainties
m mﬁm;:m: ae Frank Simon (fsimon@mpp.mpg.de) 12 JS

10
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Which mass to measure ? (3) -

e « Alternative methods »:

* obtain a measurement using sensitive variables that allow to better
solve the connection between m, - and theory one mpole or similar

* right now statistically limited but profit fully of the HL-LHC statistic
and theory improvements CMS Preliminary, /s=7 and 8 TeV

CMS combination 173.44 + 0.37 = 0.91

Top quark mass measurements

up to L= 5.0/fb (val. = stat. + syst.)
ATLAS R 2011 end-points 173.90 + 0.90 = 2.26
Eur. Phys. J. C73 (2013) 2494 (val. = stat. = syst.)
CDF [ ——
CMS — 2012 B-hadron lifetim 173.48 £ 1.47 = 2.87
TOP-12-030 (up to L= 19.6/fb) (val. = stat. = syst.)
DZERO [ —
_ 2011 Cross-section 176.70 + 359
Combined result e — 173.34 = 0.76 GeV/c? arXiv:1307.1907
March 2014
| | | | CMS Combination
165 170 175 180
Mass [in units of GeV/c?] I | | | | |
160 165 170 175 180 185
m, [GeV]

Traditional top mass reconstruction . .
Alternative techniques "
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o e me wmed (Gajn with statistics! (s
E Current Future
o Center-of-mass energy 7TeV | 13 TeV 14 TeV 14 TeV
E Integrated luminosity 5! | 30fb~! 300fb' 3000fb"
= Jet energy scale and resolution 1.6 0.9 0.5 0.3
] Lepton energy scale 0.4 0.2 0.2 0.2
2 Jet and lepton efficiencies 0.2 0.2 0.2 0.2
] Fit range 0.6 0.2 0.2 0.2
] Background shape 0.5 0.2 0.1 0.02
=] QCD effects 0.6 0.3 0.3 0.3
i Pileup 0.1 0.1 0.1 0.1
= Systematic 1.9 1.0 0.6 0.5
. Statistical 0.9 0.4 0.1 0.04
E Total 2.1 1.1 0.6 0.5
1 M(Ib) end-point extrapolation (CMYS)
Ref. analysis Projections
CM Energy 8 TeV 14 TeV 33 TeV 100 TeV
Luminosity 20fb' 1 100fb* | 300Fb* 1 | 300Gb' 1 | 300Cb' 1 | 300Gb* 1
Theory (GeV) - 1.5 1.5 1.0 1.0 0.6
Stat. (GeV) 7.00 1.8 1.0 0.3 0.1 0.1
Total - 2.3 1.8 1.1 1.0 0.6

« J/psi method » extrapolation (CMYS)

12



~ Istituto Nazionale
di Fisica Nucleare

* The top quark width is difficult to measure directly at LHC: however a 2%
determination can be useful to constrain new models that predict new particles
in top decays.

* At the LHC indirect (new) measurement (CMS: arXiv:1404.2292) from Runl:

[[t]=1.36 +/- 0.02 (stat.) +0.14/-0.11 (syst.) GeV s T(t— W)
It = B(t — Wb) ~ gtheor

t-ch.

Measuring " ¢

* Expected improvement down to 5% at HL-LHC

i

* However direct measurements down to few % possible with top-pair threshold
scan at lepton colliders from simultaneous fit of observables (T, An and
<p@max>) sensitive to Meop, [ top aNd Acop u

TLEP | 4x650f1 | 1000000 | 10MeV | 12MeV | 13%
ILC 350 fb! 100,000 0MeV | B5MeV | 40%

*from M. Martinez and R. Miquel, Eur. Phys. . C27,49 (2003), hep-ph/0207315.ILC
study scaled to FCCee 2



Couplings

i

top*
-p 10% @HL-LHC
» <10% @full upgrade high energy ILCi
* 13%(30%) at FCCee(ILC-indirect) using the
indirect measurement via threshold scan
* reaching the sub-% will be a job for FCChh!
* g.wb €an be measured:

* in top decays in pair production

* single top production: threshold scan from

My, top 2m,,, expect 2% on gy, (ILC,
Snowmass 2005)

* ttZ/tty: measurable with excellent precision at e
+e- collider.

* expect about one order of magnitude better
than LHC

* TLEP expected « combined coupling » better
due to higher statistics but need polarization
(ILC) to have the disentangled measurements

ogalga (Zt1)

o O

© O

| I o —_— D

6g1_/ gL (\V t b)

this plot (from 2005!) is
now outdated, but its
part of the homework!

14
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Asymmetries

* Asymmetries important to study as they are the only place currently where we see
deviation from SM.

* LHC not the best place for Agg especially with the energy increase. But new ideas
coming in!
* @LeptonColliders: Agg is sensitive to the chiral structure of the ttX vertex. Can

be measured with 2% precision (I TeV, ILC polarized) by measuring top production
angle and helicity angle. Polarized beams make the difference.

0.08_ T T T T T rl" T L DL ] 0,15 LI I B B ,'--‘v. LI L L L L B TTT
i ATLAS 3 Models from: ] | ATLAS =& i
- PRD 84 115013, 2 A 1
0.06 arXiv:1107.0841 — LW -
B T — 0.10} Models from:  _|
- i = - PRD 84 115013,
i _ o i O arxiv:1107.0841 1
0.04| . O ! ]
i i o - 4 ]
o I 1 S 0.05- © .
< 0020 N A
E-I—‘
\Z) 0
0 < i " )
i o ]
-0.02 -0.05 |
| | | L | 1 1 1 L L | L | | | | L L | L L | L _I 11 1 [ 11 1 1 | | I I 11 | | 11 1 1 | L1 1 1 | 1 1 I_
0 0.1 0.2 0.3 0.4 0.5 0 01 02 03 04 05 06 0.7 15
A Arg (M. > 450 GeV)



)
INFN

(-
expectations from theory current limits

Process SM 2HDM(FV) 2HDM(FC) MSSM  RPV

rare decays: the gold

Process Br Limit Search Dataset Reference
t—Zu Tx10717 - - <1077 <107°° - t—=Zqg Tx107*  CMStt— Wb+ Zq— fvb+ tig 19.5 fb~!, 8 TeV [130]
t—Zc 1x1074 <10°® <1079 <1007 <108 <10°® t—Zq T3x10"3 ATLAS tf » Wb+ Zq— fvb+£lg 2.1 b1, 7TeV [137]
t—sgu 4x10~1 - - <107 <1076 - t—sgu 31x1075 ATLAS qg — t — Wb 14.2 fb~1, 8 TeV [131]
t—ge  5x10°12 <104 <108 <1077 <106 <1010 t—sge 16x107* ATLAS gg —t — Wb 14.2 b1, 8 TeV [131]
t—yu  4x10-16 B B <108 <10-9 B t—yu  64x1073 ZEUS efp = (torf) + X 474 pb~1, 300 GeV [134]
t—=ye 5x10°1 <1077 <107? <1078 <10 <107f t—vq 32x1072 CDF tf — Wb+1q 110 pb~1, 1.8 TeV  [132]
. 17 6 5 a t—shg 83x107% ATLAS ti - Wb+ hg — fvb+yyg 20 b1, 8 TeV [135]

t—>hu §12x10 e =10 B <107 <10 B t—>hg 27x10-2 CMS* tf — Wb+ hg— fub+£0gX 51,7 TeV [136]
trhe 3x107% | 2x10°° <107 <1000 <1077 <10t t — invis. | 9 x 10-2 CDF t — Wb 19 -1, 1.96 TeV  [133]

Process Br Limit Search Dataset Reference °

t>Zq  22x10%  ATLASt » Wb+ Zq — fwb+flg 300 ', 14 TeV  [140] eXtraPOIatlonS

t— Zq 7 x 10~ ATLAS ti — Wb+ Zq — fub+ £fg 3000 fb~1, 14 eV [140]

t— Zg 5(2) x 1074 ILC single top, v, (o) 500 b1 250 GeV  Extrap.

t—Zg 1.5(1.1)x 10743 ILC single top, . (o) 500 b1, 500 GeV [141] t >Z Z

t—Zqg  1.6(L7) x 1073 ILC t, v, (0,0) 500 b1, 500 GeV  [141] - q Yq ’ C

t—vq 8 x 107° ATLAS tt - Wb+ ~q 300 b1, 14 TeV [140] - , i

t— g 2.5 % 10°3 ATLAS ti — Wb+ g 3000 b1, 14 TeV  [140] - ' '

t— g 6 x 1073 ILC single top 500 fb~1, 250 GeV  Extrap. ra re decays Seem the

t— g 6.4 x 1076 ILC single top 500 b1, 500 GeV [141]

t— g 1.0 x 1074 ILC t 500 b1, 500 GeV [141] beSt Optlon fOr

t — gu 4x 1078 ATLAS gg —»t — Wb 300 b1, 14 TeV Extrap. ' 1 1 1

t — gu 1 x 106 ATLAS gg —»t — Wb 3000 fb—1, 14 TeV  Extrap. 2 d Iscove rIeS In top

t - ge 1 x 1075 ATLAS qg — t » Wb 300 ', 14 TV Extrap. ! physiCS proﬂtmg of the

t — ge 4% 1078 ATLAS qg -+t — Wb 3000 fb~!, 14 TeV  Extrap. § . .

t = hq 2 % 103 LHC ¢ — Wb+ hg — fub+ ££gX 300 fb~!, 14 TeV  Extrap. 1 Iarge statistics of future

t — hq 5% 1074 LHC ti — Wb+ hg — fub+ £6gX 3000 fb~!, 14 TeV  Extrap. ¢ .

t — hg 5% 1074 LHC tt -+ Wb+ hg — fvb+~yg 300 fb~' 14 TeV  Extrap. ; maCh INeS

t — hq 2x107¢ LHC tt - Wb+ hg — fvb+~yg 3000 fb~', 14 TeV  Extrap.




. )
...and single top [ues
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* just a couple of words...not much of this in How can we get there?
the future prospects discussion out there! f Vi -
* @Hadron Colliders: Important to constrain . 002 3 \ 4
new physics from the measurement of the Jaf
three different production modes: currently 0.01 |
O(t-ch) o(tW) at 10-20%, and still upper :
limit on the s-channel. 000 | B0, <0
. do, >0
: E @ LuT
SR RRAR s e RN AR ARR RS RS LA -0.01 : B Norma W
F Bww/ 8sm =2 :
- B/ By =1 .
10 2| 8w/ 85 =03 -
: s -0.02
S ] -0.02 -0.01 0.00 0.01 0.02
10 E ARt "FL
2 3 Hong Cao, Jose Wudka, C.-P. Yuan, Phys.Lett.B 658:50-56,2007

o (fb)

* @Lepton Colliders: the single top case could be a new
entry using lower energy runs

1 llllllll 1 Illlllll 1 llllllll

* SM Single top

I TR AN R R  could use the run at the Higgs or energies in
200 220 240 260 280 300 320 340 360 380 400

VS (GeV) between for guwb

* very crucial for FCNC studies! 17

inclusive rate for efe  —_>wpwb



Going to 100 TeV? Random thoughts

-1 I
e 10ab @100 TeV means 10 top quarks

* at this energy is it not just a question of statistics (rare decays/FCNC) but
a complete different kinematics too. some rough ideas...plus ~350PU ...

* Rare Decays (use EFT formalism to show gain in sensitivity)

* experimental constraints

Br(t — ¢Z) < 0.05% CMS Br(t — uZ) < 0.05% CMS « WI I d » eXtraPO I ation
Br(t — cg) < 1.6 x 107* ATLAS Br(t — ug) < 3.1 x 107° ATLAS|
Br(t — ch) < 0.83% ATLAS Br(t - uh) < 0.83% ATLAS | t—c t—u

e can probe TeV scale physics (taking C,=1)
wo | A>13TeV A>13TeV

t—c t—u
Opz | A>075TeV A >0.75TeV oyl O%1 AZ 70 TeV A2 80 TeV
04 | A>40TeV A >58TeV A2

ok A>13TeV A >13 TeV

or, A>073TeV A>0.73 TeV

* Monotops: used to search for DM X
production. At LHC need FV coupling. g '
Due to large top PDF @100TeV might we t
not need that anymore. e

can have a top-here!
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Conclusions? [

e Two announcements:

* Short summary of the LHCC workshop on Top
Mass by Roberto Tenchini

* FCChh Workshop next week: two talks on top
physics!

* Top Physics is a very much hot topic for the future of

high energy physics: both as precision piece of the SM
and QCD hence as a portal for new physics.

* Discussion is open!

19
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> T T T T | T T T T | T T T T T T T T T T T T T T T T 'E' 1 -4 7_ . . . . . . . - - | - - - - - - ]
2102 - —1.C 350 Gev | @ [ tithreshold - 1S mass 174 GeV i
= ]  —TOPPIK NNLO — _
= - CLIC 350 GeV . _5 1.2 ILC 350 LS+ISR .
g N - 5 - — CLIC 350 LS+ISR — FCCee 350 LS+ISR ]
c - —FCCee 350 GeV . d 15 7
o - a » - .
.-'(:_) normalized over full energy range 7)) B i
©10° 4 dosf =
- ] o - LS & ISR byoadening ISR tail .
i ] 0.6 — =
I | 04L BS tail .
10 = N ]
. 0.2~ based on CLIC/ILC Top Study
. - EPJ C73, 2540 (2013) .
| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | Il 1 1 | 1 1 1 1 0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1

330 335 340 345 350 355 360 345 350 355
Vs' [GeV] /s [GeV]
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top radiography

Total and differential cross

sections, Test of
production

mechanism(QCD, EWK),
tt+jets production,

measure PDF

g i : t
[ ovwooo—

t-channel

Precision measurement

of top mass, AM(t-tbar)
(CPT test)

Production trough New

Physics , associated
production (ttW, ttZ,
ttH, tt+MET)

g:m—t q

associated tW production
b w

Top properties: branching
ratio, charge, width,
couplings, W helicity, Vtb
measurement

.~ Istituto Nazionale
di Fisica Nucleare

Spin correlations in ft,
FB asimmetry,
polarization in single
top

“.

s-channel

A+
y

483+03nh

New physics in top
decays (FCNC, etc.)

23
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Another approach to measuring the top quark mass that is very different from conventional ones is the so-
called J/v¢ method [15]. Here the top quark mass is obtained from fits to the invariant mass distribution of
three leptons from the ezclusive decays of the top quark t — eB — eJ/1 X — eeeX, where X denotes light
hadrons. The extrapolations for the J/¢-method are shown in Table 21-3. The attractive feature of this
approach is its absolute complementarity to more traditional methods discussed above. The uncertainties
in case of the J/1¢ method are dominated by statistical uncertainties for luminosities below 100 fb~" and by
theory uncertainties for higher luminosities. The theory uncertainties in m; are estimated to be of the order
of 1 GeV; they are caused by scale and parton distribution functions uncertainties and by uncertainties in
b — B fragmentation function. Some reduction of theory uncertainties can be expected, although dramatic
improvements in our knowledge of the fragmentation function are not very likely. This is reflected in the
change of the theory error shown in Table 21-3 for 14 TeV LHC with 3000 fb~! where it is assumed that
NNLO QCD computation of the exclusive production of J/1 in tt events will become available and that the
scale uncertainty will be reduced by a factor of two.

24
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Analysis & Detector requirements INFN
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» Strategy depends on targeted tibar final state
’ type final o o
' Semi-leptonic: state | 500 GeV | 352 GeV
1:@ . |s.olafced lepton ID, momenturtn measurement Signal (mep = 174GeV) | 7| 5301 | 4501
* missi ner n
a MISSINg energy measureme Background Ww 7.1 pb 11.5 pb
/\ ; Background 77 410 fb 865 fb
’ j Universal Background qq 2.6 pb 252 pb
atron  \UE)  dectron . » Flavor tagging: Background WWZzZ 40 fb 10 fb
e

* b - identification
* b/c separation
* b-Jet energy measurement
* light Jet reconstruction &
energy measurement

from CLIC study

. All-hadronic
» global hadronic energy reconstruction

* as detector requirements are concerned the top reconstruction and identification would
not make stronger requirement than the Higgs physics program already demands.

* possibly, in the case of a single top program (never discussed before) there would be
higher concern about fwd object reconstruction (but this again is also part of the Higgs
needs) and a high performance charm tagging for FCNC

* analysis strategies change in the regime of boosted production (pT~2m,) and studies for
even (hyper)-boosted regimes are starting now. 25
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Energy and luminosity at FCCee -

I T T

T T
Z:1.2 x 10% cm?s!

—
(=
N

10

Luminosity [10%* cm2s1]
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1
IC
Z decays 10*? 109 2X107 - /s [GeV
= 01 - :
WW pairs 108 106 4X10% 0 1000 2000 3000 4000
CM Energy [GeV]
HZ events | £x105 | 2x104 =
Top pairs X10° | 5X10%4 - .
> Possible upgrade to 500GeV?z



European Strategy for Particle =
Physics

High Energy Frontier:

HL-LHC PP circular 14 3000 b1 2024-2030
HE-LHC PP circular 26-33 100-300 fbl/year  After 2035
VHE-LHC PP circular 40-100 - After 2035
LEP3 e'e” circular 0.240 110* cms! After 2024
ILC ete” linear 0.250->1.0 ~1°10% cm-2s1 ~ 2030
CLIC e'e linear 0.500->3.0 2-6°10°* cm3s! After 2030
TLEP ete” circular 0.24-0.350 510 ems! After 2035
LHeC e (e)p circular 0O(100 fb'l) After 2022
yy-collider YY 2
p-collider e circular &
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* The methods that can be employed for the mass reconstruction are characterized by
different experimental and theoretical issues and uncertainties:

Which mass to measure!? (1)

* « Reconstructed » mass: from a fit of the decay products in the various
channels.

* Most precise way (for now) at hadron colliders. Has the problem of being correlated
with the real « pole » mass in a way that brings in significant theoretical uncertainties

e extrapolation shows no benefit in higher lumi for LHC: ~600MeV reach for
LHC

* at lepton collider could obtain precision of ~80MeV (CLIC study)
* for the lepton collider case this method can be used above threshold (or for single

top)
Ref.[13] Projections
CM Energy | 7TeV 14 TeV
uminosity =fh—1 -1 0fb? 0 . :
Luminosity 5/b 10075 30076 300076 reco mass extrapolation @LHC
- "
Fileup s 9130 ] 19|40 s from Snowmass report
Syst. (GeV) 095 | 07| 07| 06 | 06 0.6
Stat. (GeV) 0.43 0.04 { 0.04 | 0.03 | 0.03 0.01
Total, GeV 1.04 0.7 | 0.7 | 0.6 | 0.6 0.6
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Sl
* other methods proposed for ILC: properties of decay kinematics in threshold scan

[ and A

top? ' top top

Kinematic properties in Threshold scan

* simultaneous fit of observables (0, Ay and <p@max>) sensitive to m
from study with ILC

* scaled to the TLEP case (there is no beamstrahlung bkg and higher luminosity)

. 0.45 . 28 . 0.2 ¢
= - D - S
— 0.4 [ ¢ & 26 | £0.18
S = vt : o
L= [ O
$0.35 E . £ 24 2018 Ars
3 = 2 22 b S0.14
2 90 F = - =
O - S 20 B J S0.12
&0.25 | — = - + e .
= * o 18 = & 0.1
0.2 £ S - s 5 3
= < 16 — + 50.08
015 = S 14 | b Fo.06 |
- = - + -
0.1 = Ot g 12 F 0.04 E
0.05 £ 10 }p@max 0.02
E | | T | = | |

O | | L1 1 8 | I | | O I N [ |
345.8 348.60 351.4 354.2 345.8 348.6 5351.4 254.2 345.8 248.6 351.4 354.2
Ecm(GCeV) Ecm(GeV) Ecm(GeV)

TLEP | 4x650f? | 1,000000 | 10MeV | 12MeV |  13%
ILC 350 fb! 100,000 MV | BMeV | 40%

*from M. Martinez and R. Miquel, Eur. Phys. . C27, 49 (2003), hep-ph/0207315. ¢




single top production at lepton
colliders
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EFT analysis

¥ tFCNC arise from dim-6 operators'!
¥ useful operator basis is above EWSB
¥ makes e.g. explicit that Br(t! cZ)is ~v2!

¥ basis from! Foxetal.,0704.1482
Oty = i[QsH|[(PH)' Qo] — i[Qs(PH)|[H'Qs] + h.c.
O, = i[Qs7*Qu][H D, H] + h.c. O%p = 92[Q30"0°H]cgW?, + h.c.
O, = 92[Q20" 0 H]tgW 2, + h.c. O%r = ¢1(Qs0"H]cpB,, + h.c.
bp = ifR'y"cR[HTSZH] + h.c.

0%, = ¢1[Q20" H]tgB,, + h.c.

¥ +Higgs and gluon ops. !
Oy, = 9s[Q20" HIT*t5Gy, + hec. O, — [Q,H|tr(H H) + h.c.

Olr = gs[Q30WH]TACRGﬁV +h.c. (’)LR = ¢,[QsH]cr(HTH) + h.c.

J. Zupan Top FCNCs 10 BSM Opportunities at 100 TeV, CERN, Feb 11 2014
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