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Why top quark precision ?

2004; m=178.3 =4.3; PDG

Strong dependence on SM parameters and beyond..
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ttbar threshold @ the ILC

One of the important ILC physics targets.
At the ILC top quarks offer a unique QCD
system :
- Perturbative (non relativistic) QCD
applicable since Ty > Agey > N0
hadronization.

Top pair rate

- Classically cannot be produced when total
energy < 2m;

- Quantum effects smear sharp threshold 2m, Vs [GeV]

- Binding between top and anti-top = A T T
. . = 1 — M, variation
- Also clean experimental environment, © I, variation
well understood backgrounds o, variation
0.8

Threshold scan:

- Vary the beam energy (Precisely measure 0.6
the beam energy)

- Count the number of top-antitop events

- Precision on beam energy goes directly into
the measurement

Complications arise due to the luminosity
spectrum ( ILC = LEP)
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Luminosity Spectrum

At the ILC the beam energy at the IP gets
smeared by various energy loss mechanisms

Centre of mass energy variation, three main
sources:
Initial State Radiation (ISR)

Calculable to high precision in QED
Accelerator Beam Spread

Intrinsic machine energy spread,

typically (Gaussian 1? ) ~0.1 %
Beamstrahlung

Beam-beam effect due to strong bunch
magnetic fields, causing electrons to radiate.

~1%

The luminosity spectrum (measurement) only
provides the x distribution but not what x is ||
(need upstream/downstream energy
spectrometer)
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ttbar threshold simulations

The luminosity spectrum effectively smears the

ttbar threshold cross-section.
M(\/g) = /1 dz1dzeDete— (21, 22 \/_) do”*” (z1, 2, s)
dQ 0 eTe bl dQ, b b
Toppik
simulation
Folded with Folded with
measured dL/dE true dL/dE
[ Fitter

o, [pb]

For extracting precision physics out of threshold
scans at the ILC, a good knowledge of the

luminosity spectrum and the absolute energy
scale are needed.

IoP HEPP 2008

F. Gournaris

:_ ------ Bare TOPPIK
1_ Nominal
B LowQ
0.8 ~ LowP TR R
0.6 __ RN A A e A ANy b P AR O B s
0.4_—
0.2f
D:-..--.—-l ........ 1 i l 1 1 1 i l 1 1 i |
340 345 350 355 360
\'s [GeV]
120F «  Nominal
i = LowQ
:; LowP
100 _.. .................................................................. Stal|51|ca|+8ystematic
: """" Stallstlcal
60
aof
1 10

L per point [fb™]



But we can do better...

0.04 ol FEboEl TEel TenlEgl JEeld ke Buhag SRt [Rntmel Jeal LaoTmen thtceed]
Up to now only 'brute force' oot X £ folding and fitting sz _j—}f [pb/GeV] eote.
simulations exist (Boogert - FG, Martinez - Miquel etc) i Bl Epe =349 GeV 3

For precise understanding of the top threshold we need to oo2sf 175

m = 1745 GeV

go to fully differential simulations, event generation etc. 002} E
Can see the effects of the luminosity spectrum in detail. ~ ooisE % =0.118:£0.003
001 F 2
0.005 ;— _f

+  Also... top momentum distribution sensitive to M; [t Tentngrepatg POVI

ot v B e S k.
- Gives info independent of T', measurement. é 353_ £

- Different correlations than in O¢ot : b E

- Need to use both Ytot and j—; to Eﬁ zsi— —E
measure M, and o = 20 ]

- Ag independent of M,, sensitive to o and T,. 18- 3

- Sensitivity to Z, W, y couplings : 0.25— g
- Affect angular distributions and top polarization - .

- Anomalous couplings -> EW/QCD effects 0.15— -

(new physics ?) 0_1;— E
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ttbar threshold event generator

*  MCs on the market not precise enough for ttbar threshold
(need to include all QCD effects etc.)

- TOPPIK (Hoang & Teubner) is best available theoretical
description : 08

- NNLO NR-QCD including differential quantities
- NNLL total cross-section & NLO rescattering corrections

*  Main problem with TOPPIK is speed (>1.5sec per calculation) o4

- New generator works with multidimensional interpolations on
a TOPPIK produced look-up table which gives a factor of 105 %2
speedup (details in [FG and Boogert, LCWS '07 talk and proceedings] )
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G L~k NNLO Crgss sec‘rl-or.\ * ~ Decay top quarks
— P, differential quantities Albﬁ info W+W-bbar
T~ eam-effects usin
\\\\\\\\\\\ do/dp , Poeak, Ars etc —/_/PB,Y/ 3 \ Kinematic checks Wy,

With guidance from Thomas Teubner (Liverpool Theory)

Give to Pythia
Event Generator <:| for hadronization...
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ttbarMC distributions
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Summary and Outlook

This is a benchmark measurement for any future ee* collider. Also methodology and
luminosity spectrum issues the same for most other threshold scan measurements
(W+W-, SUSY etc)

The method and tools for a detailed and conclusive study are finally here.

Now what remains is to "turn the crank’ for determining the luminosity spectrum
impact on the top threshold

There is progress also in luminosity spectrum extraction and related systematics
studies but not reported in this talk (12min never enough)..

Final part of this study will be quick (i.e. SIMDET) ILD study of ttbar
reconstruction performance and (time permitting) luminosity spectrum detector
reconstruction study.

We are trying to define :

For results look out at the next big ILC conference (and for publication in autumn ?)
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Bhabha Acolinearity

*  Bhabha scattering to monitor lumi
spectrum

- e‘e > ere(n)y
- High enough rate (statistics)

- Two approximate reconstruction methods:
- Only uses angles of scattered electron and

positron
- Based on assumption of single photon
radiation
- Frary-Miller
0,
xX=
2sin 0

x=1/cot —=cot
\ 2

b3
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Simulation (for spectrum extraction)

Simulation :

- Define accelerator beam

[ Beam "Generator" ‘ [

Accelerator
simulation

J

(linac simulation?)

Simulate beam-beam effects

»+ Get beamstrahlung from GuineaP
and/or parametrize (CIRCE)

- Will come back to this |

- Generate bhabha scattering with
BHWIDE (BHabha WIDE angle
monte carlo)

- Apply beam-beam effects to
bhabhas

- Analyze / Extract spectrum
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Accelerator simulatio

Y

[Physics process } [ Energy spectromete Bhabha scattering } [Other process? J
S

e.g. radiative return

N M

[ Average centre } {Differential Iuminositﬂ

mass energy <kE> spectrum dL/dE

~ 7

[ Top analysis }
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