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Remarks on Quark Masses

e Important QCD input parameters for SM predictions

e Confinement — quark masses not physical observables

Lacp = $G2, + X, 0 (D - (D) v

> defined as formal parameters in QCD action

> (renormalization) scheme dependent

> to be well defined:  mjchemed = ppichemeB(] 4o 4 a? 4 )

> some schemes more appropriate than others
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Remarks on Quark Masses

e Important QCD input parameters for SM predictions

e Confinement — quark masses not physical observables

Lacp = $G2, + X, 0 (D - (D) v

> defined as formal parameters in QCD action

pole scheme:
> correlations to input parameters, order of p.th.
> degrades convergence of p.th. ("O(Aqcp) renormalon”)

due to linear sensitivity to IR momenta

I

Not used any more today when high precision required
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Remarks on Quark Masses

e Important QCD input parameters for SM predictions

e Confinement — quark masses not physical observables

Lacp = $G2, + X, 0 (D - (D) v

> defined as formal parameters in QCD action

MS scheme:
> short-distance mass
> “running” parameter, 1, (/)

> for processes where quark is very energetic (£ > m,)
or far off-shell (¢* # m;)

> standard mass for comparison: 777, (777, )
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Remarks on Quark Masses

e Important QCD input parameters for SM predictions

e Confinement — quark masses not physical observables

Lacp = $G2, + X, 0 (D - (D) v
> defined as formal parameters in QCD action

threshold schemes:

- short-distance mass

twrd
W

- processes where quark is close to mass-shell (4% ~ -m..g)

—7
W

non-relativistic sum rules

B physics kinetic mass

. PS mass
heavy quarkonia
1S mass

top-antitop threshold
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Need for ap

recise Top mass

Electroweak precision observables

H.
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dM,y « m? dM,, < In(M

sin Oy X (l + d(me, mp, .. ))
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1 ﬂilri;{’r
.

| T T T T |
predictions for M, and sin°0

[ dm,” = 2.0 GeV
om, =" = 0.1 GeV
m, =115 GeV, 8Aa, =7 107
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0.2318

MSSM [

02316 I:SPS']D) §

sin Beﬁ
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Need for a precise Top mass

Mass of Lightest MSSM Higgs Boson

135IIII|IIII|IIII|IIII|IIII|IIII|IIII
exp

Am, m,= 175 GeV, tanp = 5

130 —

m, [GeV]

125 —

LHC LC theory prediction form |

 dm,” P = 2.0 GeV ]

(5?’?1-}1 1 GEV 50 Mev Smtexp =1.0 GeV s

120 exp _ —

needed dm;¢ 4GeV | 0.2GeV - [ om, = 0.1 GeV .
expected dmy 1-2GeV | ~ 0.1 GeV I |

1-1 L1 11 | L1 11 | L1 11 | L1 1 1 | L1 11 | | | | L 11 |
q5{] 200 250 300 350 400 450 500
M, [GeV]
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Need for a precise Top mass

Dark Matter Constraints in MSSMusucra

400 |III"|II|II'IIIIIIIIIII

scenario:

* LSP = neutralino 200
* Agp =0,tan3 = 10, ;t > 0 |

WMAP = 0.094 < Q,h? < 0.129
mp, = 118 £ 0.05 GeV

200

m, [GeV]

100

i é tanf = 10, A, =0, u> 0, m, = 175 GeV i

[ LA LA Lri LT AL AT AL A LA LT AL AL AT L] FLF AT aLn il
oL
200 400 600 800 1000 1200 1400

m,, [GeV]
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Top Threshold Scan

Threshold Scan: /s ~ 350 GeV (Phasel)

0.8

olpbl =
> count number of tf events E ete—tt — 0my P =~ 50 MeV

> color singlet state 06F - 6?’?1.%1] ~ 100 MeV

> background is non-resonant

04 What mass?
> physics well understood LI 2mthr o pert.series
02 rise t
(renormalons, summations) e (short distance mass: 1S < MS)

me > P~ Mv > ENthQ ~ I >AQCD

- \
» Effective Theory: NRQCD
- vNRQCD
« Two correlated renormallzatlg)n scales
B oL o — Mo . Luke, Manohar, Rothstein;
Kin mi - usoft me Stewart, Hoang
* Theory unstable top quark
I'; cuts off nonperturvative effects J

André H. Hoang - 10 Ringberg Workshop on QCD of Jets, January 8-10 2007




vNRQCD

L= Eu:;oft —+ Epotent-ial + E:aoft DH = 8H + igs (.nw‘-?)‘,qu
i;ﬂ n - 2 N 1—' .

: 2 ooty d a0 (p—iD)T ¢ Te L., (.
ot L (@ {iD* R g Yy (a)
*C'potential : >< %E V (.U) L--’p: ?,i.fp_X_pf.X—p
Lsoft . [,':T,tu/ (V ) t"]gr 143 44:.;-' ?»'p

T

V(v Vi(v)n2 V. (v 24 p? Va (v Vo) . Va (v Vil
V:[ C(Q)Jr (V) i al )(p2 QIC?* ) 2(2) 4+ S(QJSzJF .1(2)i,.l+ z(g)
k m k 2m<k m m m m

external currents: (production & annihilation)

Dp = C.-Txy,r?dq_l:r_;} : [E“Ir'i("lr's,}ff:[ﬁ')il:-) ol XN*—p + - }‘L'F (3191)
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Threshold Cross Section

oroe o Im Uc14x e (0 j T 0/ (0) O, (x)j 0 >]

x Im [(Ca(v)* + Cv(¥)?) G(0,0,/5)]

\%& \%s .
( P +V(r) — (Vs —2m — om) — iI‘t>G(r,_ r') = (5(3)(1' —r')
NLL v
fully known NNLL (matching) v' Benke etal; Czarnecki etal '99
at NNLL order NNLL (non-mixing) v~ AH '03

NNLL (mixing) not completed

Manohar,Stewart; AH '99-03 . )

Pineda, Soto '00-'01 spin-dependent (soft) Penin etal. '04

Peter '94, Schrdoder '98 usoft Vo ;- Stahlhofen, AH 06
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NNLL Cross Section

Manohar, Stewart, Teubner,AH 03

16 7T 71— — T T T
14 F o . * top 1S mass
i D  NNLL renormalization
% oo F group improved NRQCD
"os | o fully analytic results
o1 b
02 pu=s LL ,NLL ,NNLL ]
E | | | | | | | E 1S th ~Y
ﬂﬂj‘iﬁ I 347 I 348 I 349 I 330 I 331 I 152 I 353 I i34 é 5mt ’ ~~ 100 Mev
Vs(Gel)
,.\_[18 _ 1 — ALL o ANLL o ANNLL ANNLL
Wy =My [ ] { } [ c + m ]
M) = (i) = {175 — 7.58¢(LO) — 0.962(NLO) — 0.23 ¢*(NNLO)
AVHy) = 8:'; fo(L+1)+ 2]

+£0.2(5Mig) + 2 0.07(dcx,) | GeV .

205

as(Mz) = 0.118 £ 20.001
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Fitting Methods at Tevatron

Lepton+jets (=1 b-tag); Signal-only templates
Template Method (CDF II) o
-tag 1-tag(T)
. . . . “L 1000] [] A Events o [] 4 Everts
*  Principle: perform kinematic fit and reconstruct top > 800 o | 21608 0N
. . U] Corr. Comb (47%) U] Corr. Comb (28%)
mass event by event. E.g. in lepton+jets channel: g 600 - r2cve” | 21000 M = 12 Geuic
T 400 =
” ‘.p;:fit _ p;meas}z (p?E.fft. _ PErE.mSGS_)z 5 200 E
X = ‘ Z ol + Z o? 0 00 250 300 100 150 200 250 300 350
i=f4jets i=z.y J n'{““n:Gewcl] n'{'“(GeWcz)
(ﬂf{p — :1[;.1.';]2 [JIJJ — ,‘1]1',.' _)2 (l\[b[‘u - ],“l{et.o‘:lg [AI[UJ — i“iecoijg _ 1-taﬂ{L) 200 n'tag
2 2 2 2 - 700:_ Il Even - I Ever
I“W FW Ft rt S 300;— D:Mes-:owfc’ S ggg D:Mes-;owfc’
. . . é 500;‘ I Corr. Comb (18%) ] ggg I corr. Combd (20%)
Usually pick solution with lowest 2. $ a0 Al - THesEesE
5 %0
w 10'0;- w 100;
o: ul
1 100 150 200 250 300 350 100 150 200 250 300 350
Dynamics Method (DO 11) e Gavic) ee(GaVIc)

« Principle: compute event-by-event probability as
a function of m, making use of all reconstructed
objects in the events (integrate over unknowns).
Maximize sensitivity by:

Lepton+jets (370 pb™)

max

& L

< [mg,= 170630 Gev]

_“_5,‘ i combined sample 7
£ L

g

 [UES = 1.027255

1 I combined sample|

L(JES)LL

parton distribution functions

1 Y . 05 1 05r- T

P(xim,)=— qldqz (@) f (‘b [ : :

o o | | ]

Hifferential cross section (LO matrix element) . ) I ]
transfer function: mapping from 0

lp & | L 1 n P - L Il f 1 L | i
786 160 170 180 005 1 105 1.1
m,,, (GeV) jet energy scale

parton-level variables (y) to
reconstructed-level variables (x)
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Fitting Methods at Tevatron

Experimental Issues

Jet Energy scale
underlying events
b-tagging
detector effects

What mass Is measured?

« Top mass used in the MC ?

e Stable under higher order
corrections ?

e A problem hard to address

Best Tevatron Run Il (*Preliminary)
o
‘DO Dilepton 178.1+ 6.7+ 4.8
(L= 370 pb™")
@
‘DO Lepton+Jets 170.3+2.5+ 3.8
(L=370pb")
— ® —
"CDF Dilepton 164.5+3.9+3.9
(L=1030 pb™')
|—|—.—|—|
"CDF Lepton+Jets 1709+1.6+2.0
(L= 940 pb™')
®
"CDF All hadronic 174.0+ 2.2+ 4.8
(L=1020 pb™')
—
‘Tevatron July’06 171.4+1.2+1.8
(COF+D0 Run I+l Average) | (stat) + (syst)

155 160 165 170 175 180 185
Top Quark Mass (GeV/c’)

Problem becomes relevant now !

190
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Reconstruction at LHC and ILC

2000 —

e |nvariant Mass Reconstruction

Events/4 GeV

Eis0 | c =10.66eV
e suffi cient events for reconstruction (lepton+jets) L Il L=10 fb-1
000 (S/B~78)

e 0iot(LHC) = 850pb — 108 ti pairs
o oiot(ILC) = 1pb — 10° tf pairs

500 —

0

th t b t Source of Hadronic | Fitted 0 100 200 ;?ID (G \;i)DO
; : . M M., i iib (€Y
— INgS 10 WOITY about. uncertainty | (tog (Gé\F}) ATLAS (I+jets)
e JES Light jet 0.9 0.2
C e : scale
e |et-jet Interconnection
] b-jet scale 0.7 0.7
e background + underlying events b-quark 0.1 01
e how good is MC? fragm 7
ISR 0.1 0.1 o
FSR 1.9 0.5 e
om; P =1 GeV (LHC
t (LHC) Combbkg | 0.4 0.1 What mass?
5mSP % = 0.2 GeV (ILC) [oa 123 Joo | - =
Systematics uncertainties: ambiguity: Am; ~ Agen
Jet energy calibration Ams ~ as(Tt) Ty

‘Out of cone’ showering
B-fragmentation
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Fleming,Hoang,

Analytic Approach wany stewar

e.g. Double differential hemisphere top mass distribution

left hemisphere | right hemisphere d20'
dsidsg
Collinear
- s¢ —my ~ 1
Thrust sg—my ~ 1Yy
Dijet Event
1—T =0
Q > my > 1t > Aqep i
Integrate
boosted HQET out m SCET
Jets with <uI| Jets with
S —my ~ 1 St — My ~ My
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Factorization Formula

In SCET:

d*o
=09 H(Q. di*de
(n’.sf_ ds;) 7 H(Q 'H)/ (

hemi

Tulse = QUF 1) st = QU )¢

e Jet functions (generalized

e Soft cross talk

“Breit-Wigners”) between jets
 Perturbative  Non-perturbative
« Top width acts as IR-cutoff.  Does not see top
width due to time
« Depends on ashort- dilatation.
distance mass !! . Agrees with soft
function for massless
dijet

See Sonny’s talk for details !
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Conclusion

e 1M; needs to be known as precise as possible.

 Only measurements of Lagrangian masses are meaningful. Pole
mass is irrelevant, i.e. not (never!) a physical observable.

e Threshold scan at the ILC the best understood (and probably most
precise) method to determine 7712+ . Not yet clear whether it
whether/when ILC will be built.

e Factorization approach to reconstruction feasible. Methods are are
totally free of non-perturbative effects at leading order can be
explored.

e Important Lesson: The top mass you measure depends on the
method you use.
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