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QOutline

 Why do we want a precision m; ? What kind of precision.
* Previous ILC studies & experimental issues.

e Factorization theorem for ¢ and f Invariant mass distribution in

electron-positron annihilation ( Q@ > m; > 1 )
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e Factorization discussion at LO in m /@, I';/m

® Top mass determination to better than AQCD (at least in principle)

® Phenomenology :

e How general is our result This talk concentrates on concepts and

applications !

* Summary See talk in the Loopverein for details on

SCET & HQET and radiative corrections
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Top Quark I1s Special !

) SSB?)
: acting many observables
CDF Top Mass Uncertainty g . 3,/,
(l+] and |+ channels combined) dronization (Ft ~ 1.9 Gev )
10 (similar sensitivity for D@)
"o 1o’ 2fb” 4fb’ 8fb’
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—— stat. error scales with lumi. 1% precision !

--- total error scales with lumi. How shall we theorists judge
— at rocent the error ?
I 2 I 3 I 4 Taking . .
10 o 10 | aerag What is the theoretical error ?
Integrated Luminosity (pb ) e

What massis it ?
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Methods at Tevatron

Template Method

Principle: perform kinematic fit and reconstruct top
mass event by event. E.g. in lepton+jets channel:

i fit i,meas 2 HUE fit UK ,meas2
_ Z (P —Pr ) " Z (PJ- D; )
O’g (}'2
i=fdjets 2 j=zy K]
L Moy — My (M — My )?
Oy Uy

Usually pick solution with

Dvnamics Methot

Principle: compute evel
a function of m, making
objects in the events (ir
Maximize sensitivity by:

Not easy to answer the
guestions because of
complicated dependence s )
on the top quark mass

parton distribution functions

transfer function: mapping from

parton-level variables (y) to
reconstructed-level variables (x)
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Need for a precise Top mass

ven more

Small error in my; is only
meaningful if the mass
definition is exactly known.

Electroweak precision observables
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Need for a precise Top mass

ven maore

Small error in my; is only
meaningful if the mass
definition is exactly known.

Mass of Lightest MSSM Higgs Boson

Gl mi Mg, M;
mj o Jf%—l— 0F+ L In -
< sin“ (3 my
LHC LC
omp, 1 GeV 50 MeV
needed dm. 4 GeV 0.2 GeV
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Top Mass at the ILC

Threshold Scan Q) ~ 2my ILC
_ _ — (5?’?1?3([3 ~ 50 MeV
e . . | . II‘V'Ianclnhar,STewartl,Teubner,AH . 5?’71-11:.}1 ~ J_OO NleV
[> _ e f_ mls = 17 e _:
> count rjuumber of tt events e 175GeV ER What mass?
> color singlet state = ;Z : // —_: gé VSise ™ Qm.'tihr + pert.series
> background is non-resonant = os - / 1 03 (short distance mass: 1S — MS)
> ' 02 ;w*/ LL .NLL .NNLL ]
> physics well understood | Y Sl “threshold masses”
{I’El"‘lﬂrma|0n5, Summatlons} 346 347 348 34 \/E_:gemjjl 352 353 354
Invariant _Mass Reconstruction / () > 2my LHC +ILC
o pole 2 pole
* useful as a crosgéheck =~ 2Mis = 2my 0.22 aymy

® measures different top mass

400
EPYTHIA Vs=500 GeV h
350

e’ 3
® uncertainties (much) more involved M2
: t
® addresses some issues relevant for W g
LHC/Tevatron 7 ¥
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Reconstruction Simulations

All-hadronic channel e™

Event Selection

k_T (Durham) jet algorithm %5 >
all particles are assigned to exactlv 6 |ets

Fr'éx
\/;

| 228 1 |< Ap,

e~ — tt — 6 jets

Chekanov, Morgunov
hep-ex/0301014

every particle is assigned to
top or antitop (fully inclusive !)

reduces events for massless
quark pair production

selects hadronic tt events

Top Reconstruction

* 6 jets with momenta p;, (1 =1,...,6)

group in pairs of 3: M/ (1) and M;(2)

(] —_—

M (1) — M;(2)] < Ay

both invariant masses close to m+

| Br(1)+ F(2) < Ap -

selects back-to-back events

b-tagging

massless jet pair mass:| M;; — My |< Ay }\

reduces combinatorics

Analysis:

500 GeV with 16 fb~
800 GeV with 33 fb™
800 GeV with 300 fb~!

}—> om5¥t ~ 400 MeV

—  Om5®t ~ 100 MeV
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Reconstruction Simulations

Reconstruction for all-hadronic events at the LC

Q dependence
of observed
width

Chekanov; Morgunov
hep-ex/0301014

Final states in fully hadronic decays

Dependence on
parton shower,
hadroniz. models,
jet algorithms
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175.5
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® What mass is measured? (Cannot be pole mass!)

® Depedendence on jet algorithms, event selection?
OR Totally free of theory input? (= error estimate)

® How can presciption dependence implemented in
theoretical predictions?
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Conceptual Goals

®* relate top jet observables with a given Lagrangian mass
(define suitable short-distance mass with good
convergence properties — What mass iIs measured? )

® proof of factorization of dynamics at different length
scales (— What has to be computed by theorists ? )

® combined treatement of top production & decay
® separate perturbative from non-perturbative effects

® hopefully better understand & reduce theoretical &

experimental uncertainties

I Tool: Sequence of Effective Field Theories
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Basic ldea

Hemisphere invariant mass distribution

Q > my > Ft >AQCD thth

soft particles

® realistic ILC jet observable

Resonance region: Lagrangian mass *  closely related to thrust and heavy jet
mass event shapes

®  set up similar to Chekanov/Morgunov

Z\/-Zf ~ Ft /\475 — Ft analyis except for use of hemispheres
instead of k_T
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Basic ldea

Hemisphere invariant mass distribution

d? o
Q > my > Ft >AQCD thth—
soft particles
n-collinear \ S =_collinear
SOFT

\

—] — =] thrust
SOFT
hemisphere-a  / | hemisphere-b
d*o Q N MZ—m?
BTV EETY ) - H s Hm Hm 1 1 M S =

LO (de de)hemi 0 Hg(Q: ) Hon (12 i 1) m.
factorization °

theorem Xf_jf &
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Scheme of EFT’s

QCD Q
Integrate out
l Hard Modes
Factorize Jets, Integrate
SCET m out energetic collinear =——>»
gluons
l Evolution and
decay of top F .
close to mass shell §
HQET I

d’c
A
(dME dﬂfg)hemi 79 Ho(Q, p

X / aetde-
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Scheme of EFT’s

QCD 0

Integrate out
l Hard Modes

SCET m out energetic collinear =——>»

gluons
l Evolution and
decay of top Ft
close to mass shell §
HQET [
Program technically analogous to combination of

threshold resummation ( My — my — 0 ) Korshemsky, Sterman, etal.

& Fadin, Khoze
. Beenacker etal., Beneke, etal.
method of unstable particle EFT .
Reisser, AH
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Factorization Theorem

d’c 0
_ %9 )\ 5, Ho(Q, p, Hm( Lo )
(dME dMg)hemi 0 Ho(Q; tim) Hin (M, —, fhm, p

= -+ -
. / detde By (50— D) B (50— Lo T ) Shenal€5,6, 1)

m m

—

Jet functions: B, (2u,-k) ] d'z e** Disc (0| T{h,, (0)W,(0)W](z)h,, (z)}|0)

- St N.m
® perturbative, any mass scheme : :
®* dependson my, 1 ) b) 5)
® Breit-Wigner at tree level ﬁ_@ @._m e &~
1 I M? — m?
B §, F - N §=— 1t
£(5,1) mmy 82 + I'? ° m
: 1 — e
Soft function:  Shemi(€*,£7,4) = = ) 8(€* = kf*)8(L™ = k77)(0]Yn Ya(0)| Xo) (X[ V] Y,,(0)[0)
Ne 4
® non-perturbative Short distance top mass
®* renormalized due to UV divergences can (in principle) be
® also governs massless dijet thrust Korshemsky, Sterman, etal. determined to better
and jet mass event distributions  Bauer, Manohar, Wise, Lee than Aqcp .

André H. Hoang - 15 LCWS 2007, Desy , May 30- June 3, 2007




Short-distance Top Jet Mass

« One-loop: shift in the
pole scheme 300 MeV

e shiftin the pole
scheme contains O(Aqep)
renormalon

e jet mass scheme:

K defined such that peak
......... L L : located at the mass to

i . all orders

pole

- scheme
02

01 fF

my(p) = Mpygle — rﬂiséﬂ) [111 (%) + g}

i

Top Jet mass is the scheme where What mass is measured?
we expect that a LO analysis Answer: the one that gives
contains the least theoretical the best convergence in the
uncertainties. theoretical expansion.
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LO Numerical Analysis

d’o Q)
) = 00 Ho(Qu ) Hn (1, 2 i, 1
(dﬂiff dﬂ’ff?)hemi i Q{Q.ﬁ j m m Hom s [
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. m m
ions: 1 T
Jet functions: By(5,T) = t

Soft function:
SML (% 07y =6(4M)e(0)

hemi

M) () oy (FL P00

a0

a=2, b=-04 ol | —&=== | Fitto heavy jet mass
A = 0.55 GeV 2 distribution
gm"‘ Jf i
}» % Korchemsky, Tafat
i Sy hep-ph/0007005

'
1} 01 0z 0.3
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LO Numerical Analysis

Double differential invariant mass distribution:

d*a

@ =745 GeV M, AT,

0.04

— \ <
=143 GeV 176 dl“‘-l‘é\’}&%‘\‘l\‘stiiittx‘ .02
AL SEIIRRESISI
e “:‘“:{%%{‘ 350,00

my =172 GeV X .

170,5 170.5 my

Non-perturbative effects shift the peak to higher
energies and broaden the distribution.
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LO Numerical Analysis

Single differential distribution:

175 ¢ Pezak Position versus Q/in
k
_'M?ea 3 dﬂ
(GeV) 174 F d M
020 | |
173 | ;— I Qfm_‘r =4
015 | I 0/m; =
mr=1 1 1 Ll 1 1 g | .
0 2 4 3 g 10 - Q/m;=§
a) 4 g | /m
0.10 |
F g/m; =10
Pesk [ Peak Width versus Q/m 3
Width 4 [ P 005 |
(GeV) el s
ir = -
- F
- B e 0.00 e ST IR RS R I B SR b v e :
e ""f ] -
T 168 170 172 174 176 178 180 182
LE c) - M (GeV)
u 1 P 1 1 1 E
S
b) 0 4 6 g 0

Non-perturbative effects shift the peak to higher
energies and broaden the distribution.
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LO Numerical Analysis

Different invariant mass prescriptions/soft functions:

+ r-1 ea
S(i )_cGe‘» ) A =0.55 GeV e
30 f Soft Function Madels {ab}

d {1,00} {2.00} {3.0.0}
E {1.-09} {3.-0.9} 174

2.09 3.09
¢ iiashe];il ¢ dashe%i

174.5F

173.5¢

173

k
v, MP™™ ~mj + —— const
mgj

Fairly precise determination of jet
mass from determination of Q-
dependence of the peak position
and extrapolation Q to zero
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How general Is the approach?

Why O>>m is crucial

® top and antitop boosted in opposite directions,
== top and antitop jetaxes 7 and 7 can be defined

== allows factorization (jet,, x jet,) ® soft

® combinatorial background, wrong assignment

suppressed by (g)

ILC: ok for Q ~0.5—-1TeV
LHC: probably ok for tops with p7 > 200 GeV
Tev: ?
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Generality of the approach

We don’t have to assume a hemisphere mass definition:

® any jet algorithm that combines soft particles with the hard jets
from the top decay

® wide cone definition R > m /@) that contains the top/antitop jet
axes and top decay products (collinear radiation off top)

mm) Different soft function, same factorization formula

[The soft functions for most cases at unknown at this time and migh need to be fitted
together with the top mass OR determined from MC’s OR by other means.]
= 0y HQ(Q* ium)Hm (?n'w aw Hon s f-J')

d*c
dM? dﬂf? T

x /_ “detde B, (2 - Q1 NEACE AR )

m m
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Theory Issues for pp — tt + X

Y definition of jet observables

* Can be addressed in the

Initial state radiation framework of the ILC.

* final state radiation
underlying events

% color reconnection & soft gluon

Interactions
beam remnant
parton distributions
* summing large logs () > m; > I';

* relation to Lagrangian short

distance mass
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Summary & Outlook

established factorization theorem for invariant mass distributions:
separation of perturbative and non-perturbative effects

applicable for many other systems and setups: (any colored unstable
particle, W mass reconstruction, etc..)

exact and systematic relation of peak to a Lagrangian mass: \What
mass is measured ? “Jet-mass”

resummation of large logarithms ¢ > m; > I’y

soft gluon color reconnection power suppressed

Here: eTe — 1t 4+ Xoont

Planned: pp — tt + Xeoft Q= 2my
pp — 1t + jet + Xeont

different mass definitions (cone, k_T)
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Backup Slides
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Event Shapes

e.g. Thrust distribution on the peak region: 5 \E ‘
T = max =~ i
¢ Q

d ~ _ 9 2 —
% = Jgj(;_i) / ds; dsi B+( F H) B_ (i F, :U’) Sthrust(l S ( i ke e St) ) i“)
m LJ

mg

Sthrust(Ta .IUJ) - f d‘{ﬂ_ df—é‘(T - %) Sllemi(€+1 g_a ;UJ)
0

8 sf
=10
5" [Jtop events  (g)
w0 @ 10', —continuum
do
dT 10°%
300 g
: 10°¢
200 L F
E 10 E_
100 f 1L
0:'"""I"""""""""""(l-T) 0.5 0.6 0.7 0.8 0.9 1
0079 0080 0081 0082 0083 0084 Thrust

Chekanov; Morgunov
FIG. 8: Plot of the thrust distribution, do/dT’ in units of off, for top-initiated events in the peak

region. We use Q/my =5, mj = 172GeV and the soft function parameters in Eq. (115). hep-ex/0301014
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