Precise quark masses from R(s)

Christian Sturm

Physics Department
Brookhaven National Laboratory
High Energy Theory Group
Upton, New York

based on Nucl. Phys. B 778, 192 (2007)
In collaboration with: J. H. Kilhn and M. Steinhauser

I.  Motivation

II.  Introduction & Method
[ll.  Analysis & Results

IV. Summary & Conclusion

C. Sturm International Workshop on e e collisions from Phi to Psi, Frascati 2008

Precise quark masses from R(s)


http://dx.doi.org/10.1016/j.nuclphysb.2007.04.036

Motivation

Introduction

Motivation

Precise determination of the charm- and bottom-quark masses

m Quark masses are fundamental parameters of
the Standard Model

m Play an important role in Higgs physics:

Higgs decay: r(H— > bb) = 27 (14 O(as) +...)
m Flavor physics
m Comparison with other methods
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Introduction

Relation: experiment <= theory

m R(s) =2 e —HadONS)_ 15 mn(g2 = s +ic)]

o(eTe=—putpu~)
NI (\wf\m/)
R B VN

i(igm/ + q,uqu/qZ)I—I(qZ): L'wL

m With the help of dispersion-relations:

q

Jdn

] are related to derivatives of I1(q?) atq®> =0
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Introduction

Relation: theory <= experiment

] are related to derivatives of [1(g?) at g2 = O:

1270 / d \"
= =) n(a?
n! <dq2) (q ) 9?=0

m In terms of expansion coefficients:
n(q?) = 3 <q_2>n Qs: charge of quark
1672 4am? )’ m = m(u) : MS mass
C, can be calculated perturbatively
m First and higher derivatives of M(g?) allow direct
determination of the MS charm- and bottom-quark mass:

29 Cn e ~<— Theory
m(:“) = Qf 4 \/lexp

-

c-quarks: Novikov, et al. '78; b-quarks: Reinders, et al. '85

C, depend on the quark mass through log(m()?/u?)
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Computation
Theory

Expansion diagrammatically:

— One-scale multi-loop integrals in pQCD

(O (D

m 4-loop moment:
Methods:
— Reduction to master integrals S. Laporta E. Remiddi'96; S. Laporta'01
~ several million of equations; several GB of solutions
K. G. Chetyrkin, J. H. Kiihn, C.S.06; R. Boughezal, M. Czakon, T. Schutzmeier'06
— Computation of master integrals
different methods: &S Vrass e s., m.Tentyukovos
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Theory result

The charm quark case

ma0 ¢ (2) ()

T
s\ 2 /(=(20) —(21) )
T
as\3 /=(30) —(31) ) —(33)
+ (B) (en+C5 In +Cy 13, + Ty
T
+ ...,with =
n=4:
1-loop 2-loop 3-loop 4-loop
a 6510) 6&10) 6&20) 6&30)
1 1.0667 2.5547 2.1333 2.4967 3.3130 -0.0889 -7.7624 -0.0599 1.5851 -0.0543
2 0.4571 1.1096 1.8286 3.2319 5.0798 1.9048 - 4.0100 7.2551 0.1058
3 0.2709 0.5194 1.6254 2.0677 4.5815 3.3185 — 5.6496 13.4967 2.3967
4 0.1847 0.2031 1.4776 1.2204 3.4726 4.4945 — 3.9381 17.2292 6.2423

Result also available completely analytically
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Extraction of the experimental moments

The charm quark case
Determine: = [ = MES 4 M 4 pqcont

For charm quarks:
Maes: Contains: J/W, W(2S) treated in narrow width approximation

2
RS (s) = 9mMglee (&) 5(s — MFZQ)

a2 a(s)
I/ V(2S)
My(GeV) | 3.096916(11) | 3.686093(34)
lee(keV) 5.55(14) 2.48(6)
(a/a(My))? 0.957785 0.95554

./Vltnhrl BES data (v/s > 3.73 GeV) subtract background from Rygs,

R from data below 3.73 GeV, +/s-dependence from theory
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Extraction of the experimental moments

The charm quark case

MEPM: pQCD above /5 > 4.8 GeV
no data,

R(s) with full quark mass dependence rhad: R. Harlander, M. Steinhauser '02

exp.

n -
n M res Mthr@'l Mcont eXp np

n n n n n
x100"=Y) x10("=1) %1001~ x10(1—1) x10(1-1)
1 | 0.1201(25) 0.0318(15) 0.0646(11) | 0.2166(31) || —0.0001(2)
2 | 0.1176(25) 0.0178(8)  0.0144(3) | 0.1497(27) || 0.0000(0)
3| 0.1169(26) 0.0101(5)  0.0042(1) | 0.1312(27) || 0.0007(14)
4 | 0.1177(27) 0.0058(3)  0.0014(0) | 0.1249(27) || 0.0027(54)
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Determination of the charm quark mass

M 4 MOP = with — ME = 3Q ( 12)”

amg

. 1/(2n)
m(p) = (Qf 7 Mem—nan>
n

= (3+1)GeV as(Mz) = 0.1189 + 0.002

n| m(3GeV) | exp  as m np total | 6C&? | me(me)
1 0.009 0.009 0.002 0.001 —
2 0.006 0.014 0.005 0.000 0.006
K] 0.005 0.014 0.007 0.002 0.010
4 0.003 0.008 0.030 0.007 0.016
(30) —(30) —(30
—-60<C, <70 -60<C; <52 -60<C, <31
C. Sturm International Workshop on e e collisions from Phi to Psi, Frascati 2008

BRODKARD

10/15

Precise quark masses from R(s)



Analysis/Results

Determination of the charm quark mass

Charm-quarks

m.(3 GeV) (GeV)

mc(3GeV) = 0.986(13)GeV
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Extraction of the experimental moments

The bottom quark case

M analog to charm case, only ny =5
"P. negligible
MES: T(1S), T(2S), T(3S), T(4S)
MU CLEO data up to 11.24 GeV
MSnt: pQCD above 11.24 GeV
exp.
oo
n Maes Mtnhr@ Mﬁont M';O(P MEP
x100—1) %1001 x10("—1) x10("=1) x10("=1)
1] 0.1201(25) 0.0318(15) 0.0646(11) | 0.2166(31) || —0.0001(2)
2 | 0.1176(25) 0.0178(8)  0.0144(3) | 0.1497(27) || 0.0000(0)
3 | 0.1169(26) 0.0101(5)  0.0042(1) | 0.1312(27) || 0.0007(14)
4 | 0.1177(27) 0.0058(3)  0.0014(0) | 0.1249(27) || 0.0027(54)
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Determination of the bottom quark mass

n| my(10GeV) | exp  as P total | 6CY | my(my)
1 0.020 0.007 0.002 —

2 0.014 0.012 0.003 0.006

K] 0.010 0.014 0.006 0.008

4 0.008 0 015 0.021 0.012

= (10+£5)GeV; —6.0 < Ty <7.0,-6.0<Cs <52, -60<Cs <31

mp(10GeV) = 3.609(25)GeV

3
o
3
1Y)
g
n
£
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Comparison with other methods
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Summary

Summary

m MS quark masses can be extracted from
the measured and computable
expansion coefficients of the

in combination
with

m Analysis performed for -and
-quark masses including
moments up to

m Quark masses:

— Charm-mass: GeV
— Bottom-mass: GeV
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