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based on

Non-perturbative renormalization of the chromo-magnetic operator in Heavy Quark
Effective Theory and the B* — B mass splitting.
D. Guazzini, H. Meyer & R.S., arXiv:0705.1809 [hep-lat], JHEP to appear.

The B-meson mass splitting from non-perturbative quenched lattice QCD.
A. G. Grozin, D. Guazzini, P. Marquard, H. B. Meyer, J. H. Piclum, R. S.
and M. Steinhauser, PoS(LATTICE 2007)100, arXiv:0710.0578 [hep-lat]
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HQET

HQET: in the _ ‘ " ,
rest frame of UblDuyu +mo]tn = Lsar + L7+ 0(1/mg),
B- _ ‘
? meson ﬁstat = U/’h[Do + mb]’¢'11 (*)
%(1 +9)tYn = ¢n, ‘“large” components
E(l) = i;} (_0. .B— lD2)’EJh
2my ! 2 !

(*) equivalent: Lstat = EhDow], and Eqcp = Estat + myp, (universal energy shift)
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Introduction hqget

Spin splitting (continuum or lattice)

> in QCD
Am? = m3. — m3
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Introduction hqget

Spin splitting (continuum or lattice)

> in QCD
Am? = m3. — m3

asymptotics:

AFCT = lim { [2b0§2(mb) ] —0/2b Am2} = const. ,

my, —00

(70 =3/(87%), bo = (11— 2N)/(167%))
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Introduction hqget

Spin splitting (continuum or lattice)

> inQeb Am?*=m. — m}
asymptotics:
gARGL = mll)imoo{[2b0§2(mb)]7%/2b[J Amz} = const. ,
(70 =3/(87%), bo = (11— N)/(167%))
» in HQET
A = (BlOSSIB) / (BIB)
O = lim [2608%(1)] " 0% ().
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Introduction hqget

Spin splitting (continuum or lattice)

» in QCD
Am? = m3. — m3
asymptotics:
4ARCT = im { [2bog?(my,) | 0/2b0 Am2} = const. ,
mp—00

(70 =3/(87%), bo = (11— 2N)/(167%))

> in HQET RGI 1 RGI
A2 = 3(BlOyinlB)/(BIB)
. — 0/2b0
Ogacl;r} = Mlmw[2b0g2(ﬂ)] o Ofpm( )
>
Osspm( ) = Zsspin(:u’7 a) Eh(X)G'B(X)wh(X)

a = lattice spacing or inverse cutoff
O3,;: scale- and scheme-dependent (S =

ORGL ot

spin

scheme)
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Spin splitting

> at finite mass

mp+ +m
Am? = 2% Copin(My,/Nr5) ARCL+ O(1/my,)
b — ——
T i

conversion function  maybe 5-10% for B

M = RGI mass
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Introduction hqget

Conversion function

Solution of RG equation in a general scheme S:
m()/O5G = Zoun(w)/ZE5 = U (k)
2s(1) s
[2b023 (1) *exp {/0 dg {gsﬁg - t%og} }

matching of QCD and HQET, conventional form:

U (1)

1 MS RGI  4RGI RGIT
Aqu = mic\) Ccm(mQ)U (mQ) Ahqet ’ hqet = <18|Osp1n >
mq: pole mass
now known to high orders [Grozin et al., 2007 |:

Cem(mq) = 1+ 0.6897ag5(mq) + (2.2186 — 0.1938N;)a2 < (mq)
+(11.079 — 1.7490N; + 0.0513N2)ad < (mq) + O(ad)

0.47750r55 + (04306 — 0.0549N¢) o2
+(0.8823 — 0.1472N; — 0.0007N?)ad < + O(a o)
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Introduction hqget

Conversion function

include finite renormalization Ccp into the definition of the scheme S =mag

1

Ageda = ;Qccm(mQ)Um(mQ)AEcg{
! (mﬁ(m):m)
1 e —
Agea = U ag(m*)AhR;ii: = Conn (M/Ags) ARG

in addition, get rid of mg for better behaviour of pert. series
[J. Heitger, A. Juttner, R. S. and J. Wennekers, 2004]

1
chd = ﬁ CSpin(M/ANTS) 'AhRquIt

Cspin(M/Am)

in (@ — m
USP (m*) = :Qcmag(M/Am)

defines anomalous dimensions ~SPin | ~mag
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Introduction hqget

Conversion function

|
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Introduction hqget

Conversion function

> b c
H H T T T
Cspin :
Crnog
1 1l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 0.05 0.1 0.15 Ays/M
P better “convergence” by changing to
M
Copin(Mn/Ass) = ——= Cmag(Mn/Aygs)
mQ.,b
mp* + m
Am? = 2720 Copin (My /)M + O(1/m)

(pole mass eliminated; renormalon!) [J. Heitger, A. Juttner, R. S. and J. Wennekers, 2004 |
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Introduction hqget

Conversion function

>

— [A G. Grozin, P. Mar-

-4 quard, J. H. Piclum and

Cmag — M. Steinhauser, 2007]
1 1 1 ]
0 0.05 0.1 0.15 Ag/M
P better “convergence” by changing to
M
Copin(Mb/Asrs) =~ Cinag (M /Ayzs)
mQ,b
mpg* + m
Am? = 2720 Copin (Mo /)M + O(1/my)

(pole mass eliminated; renormalon!) [J. Heitger, A. Juttner, R. S. and J. Wennekers, 2004 |
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Introduction hqget

Conversion function

> b c
T 3 T T f}- \
? 1 /e
Cspi ] SFB TRS.
i [A G. Grozin, P. Mar-
- quard, J. H. Piclum and
Cmag . M. Steinhauser, 2007]
1 normal pertur-
DA T N N R (NN S SR A N S N bativeseriesfor
0 0.05 0.1 0.15 __
A /M Cspin
P better “convergence” by changing to
My
Cspin(Mb/Am) = Cmag(Mb/Am)
mQ,b
mp* + mp
Am? = 2TCspin(Mb//\m))\§‘GI+O(1/mb)

(pole mass eliminated; renormalon!) [J. Heitger, A. Juttner, R. S. and J. Wennekers, 2004 |
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The intermediate scheme strat mbar res

lattice intermediate PT (MS)
3 s®
- .
10Gev —
——
Mt
1GeV
100 MeV
SF RGI
¢RGI _ ¢SF (“ ) bpin(ﬂpert) spin
spin - spin\MHhad SF ST
¢spm(uhad) q>spin(;’bpe”)
NP pert. theory
OSF (1pert)
ZRGI _ SF spin \F"Per SF
spm (go) - Zspin ()u‘had’ gO) d>SF7) (;Ufpert)
a

spin

(g0oea)
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The intermediate scheme strat mbar res

NP running from finite volume schemes

need Aqep <K Upert K a ! = Ao
trick [Lischer, weisz & woiif ]| 1o = 1/L: finite volume scheme
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The intermediate scheme strat mbar res

NP running from finite volume schemes

need Aqep <K Upert K a ! = Ao
trick [Lischer, weisz & woitf] po = 1/L: finite volume scheme

0 B NP definition of Zsspl“;n: (Ospin, Sk at a distance
s L/2, Si Noether charge of spin trafo)
- SF <OSPiH 51> _ <Ospin 51>
. o) (5151 ltree level
xS
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The intermediate scheme strat mbar res

NP running from finite volume schemes

need Aqep <K Upert K a ! = Ao
trick [Lischer, weisz & woitf] po = 1/L: finite volume scheme

NP definition of Z5F Ospin, Sk at a distance
p

X0 B sp. 1n
s L/2, Sx Noether charge of spin trafo)
- 5F <Ospin 51> _ <Ospin 51>
. R {(S151) ltree level
xS
g*(La) recursively: L Ly =2L L2
i — % y: Lo — L1 0 — 0
/ » coupling: g%(2L) = o(g%(L)),
[ 7(8Lo) o(g%(L)) = lim,/ o X(8%(L),a/L)
>
/
- Ospin(1/2L) = 0epin(8*(L)) Ocpin(1/L)
Z mn b
Jspin(g2(L)) — lim M

a/L—0 Zspm( [ gO)
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The intermediate scheme strat mbar res

The running of Oy N =0

o [ ] 1 i
14 4 OSF_ (u),/ORs! [ p 7 1
F ] spin spin | 2—loop 1-loop J
L ] L 3-1 2-1 1
sb E oop cop
L ] 0.8 - ~ —
[ ] L $ ]
1.2 r 3
r ]
11F¢ J””J}”’J?ixi - [ |
i * 1 0.6 i
Fo o &— 1 L ey 4
e U B B | | N
0 0.01 0.02 (a/L>2 0.03 10 100 1000 M/A
Continuum limit reconstructed running
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The intermediate scheme strat mbar res

The total renormalization factor

Pra
ZSFI{DEAI = ZsSpFi‘n(L/a?go) X ﬁ at L= 2Lmax

= 262(2) at B3=6.0 EH action
= 263(2) at B=6.0 HYP2 action
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Application

The spin splitting using bare matrix elements from the
literature
> 3=6.0

Ref. [Bochicchio et al., 93 ]: a®Abare = 0.0100(19),
Ref. [JLQcp, 03 ]: a?A\hare = 0.0138(15).

They then quote

Ref. [Bochicchio etal, 93 ]Z Am2 = 028(6)(7) GeV2 s
Ref. [JLQcp, 03 ]: Am® = 0.36(4)(?) GeV?2,

low compared to experiment

Am? = 0.485GeV?
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Application

The spin splitting using bare matrix elements from the
literature
> 3=6.0
Ref. [Bochicchio et al., 93 ]: a®Abare = 0.0100(19),
Ref. [JLQcp, 03 ]: a?A\hare = 0.0138(15).
They then quote

Ref. [Bochicchio etal, 93 ]Z Am2 = 028(6)(7) GeV2 s
Ref. [JLQcp, 03 ]: Am® = 0.36(4)(?) GeV?2,

low compared to experiment
Am? = 0.485GeV?

> with Copin(Ms/Agrg) = 1.15, My, = 6.76(9) GeV and
ZRGI — 26 a=1/(2GeV) we find

spin
Ref. [Bochicchio et a1, 93] and NP ZHGT: Am? = 0.38(7)(?) GeV?,
Ref. [Lacp, 03] and NP ZEGT: Am? = 0.53(6)(?)GeV?.
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Application

The spin splitting using bare matrix elements from the
literature
> 3=6.0

Ref. [Bochicchio et al., 93 ]: a®Abare = 0.0100(19),
Ref. [JLQcp, 03 ]: a?A\hare = 0.0138(15).

They then quote

Ref. [Bochicchio etal, 93 ]Z Am2 = 028(6)(7) GeV2 s
Ref. [JLQcp, 03 ]: Am® = 0.36(4)(?) GeV?2,

low compared to experiment
Am? = 0.485GeV?

> with Copin(Ms/Agrg) = 1.15, My, = 6.76(9) GeV and
ZRGI — 26 a=1/(2GeV) we find

spin
Ref. [Bochicchio et a1, 93] and NP ZHGT: Am? = 0.38(7)(?) GeV?,
Ref. [Lacp, 03] and NP ZEGT: Am? = 0.53(6)(?)GeV?.
» seems closer to experiment (?): no cont. limit, quenched!
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Potentials

remark:
spin-dependent potentials renormalize the same way

» [Eichten & Feinberg; Gromes |: relativistic corrections to static potential

V=...+ a(r
3m1m2 mimy

51~52V 1 [x-slx~527sl~sz
r2 3

] Va(r).
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Potentials

remark:
spin-dependent potentials renormalize the same way

» [Eichten & Feinberg; Gromes |: relativistic corrections to static potential

Ve 4 51~52V 1 [x-slx~527sl~52

r2 3

] Va(r).

a(r
3m1 m» mimy

2

» periodic boundary conditions in all directions, r? = x2 + x2 + x2

VR =
RGI2 (Tr(Po(0)B1(0)) Tr(Po(x) T Ba(x)))
[Zspm] |' Z (TrPo(0) TrPo(x)T )
V4RGI(,,) _ V3RGI(,) B B
3 - B

RGI (Tx(Po(0)B1(0)) Tr(Po(x) ' Bi(x)))
[Zepial? Jim az (TrPo(0) TrPo(x)T )
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Potentials

remark:
spin-dependent potentials renormalize the same way

» [Eichten & Feinberg; Gromes |: relativistic corrections to static potential

V=...+4

S1 S 1 X-S1X-Sp S1 S
V. [ S ]v3(r),

a(r
3m1 m» mimy

2

» periodic boundary conditions in all directions, r? = x2 + x2 + x2

VR =
RGI;2 |: (Tx(Po(0)B1(0)) Tr(Po(x) " B2(x)))
[Zspin Z (TrPo(0) TrPo(x)T )
V4RGI(,,) _ V3RGI(,) B B
3 - B

RGI (Tx(Po(0)B1(0)) Tr(Po(x) ' Bi(x)))
[Zepial? Jim az (TrPo(0) TrPo(x)T )

» this should replace the Huntley Michael factor
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