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@ Precision measurement of Standardmodel parameters:
Reduction of theoretical errors
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Introduction

Motivation

Motivation
Effective Interaction
Heavy Quark Expansion

@ Precision measurement of Standardmodel parameters:

Reduction of theoretical errors

o Test of the Standardmodell: Precise determination of V,

@ Nowadays high experimental precision reached:
Buchmiiller and Flicher, Phys. Rev. D 73 (2006) 073008

New: B. Aubert et al. [BABAR Collaboration], arXiv:0707.2670 [hep-ex]
o In fit Heavy Quark Expansion (HQE) is used up to O(1/m})
and radiative corrections up to as on parton level

Fit ‘ |Vcb‘ my, / GeV mec / GeV
RESULT 41.96 4.590 1.142
A exp 0.23 0.025 0.037
A HQE 0.35 0.030 0.045

Sascha Turczyk

High theoretical precision demanded
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The Effective Hamilton-Operator

Ve @ Propagator expanded into local terms
4Gp
Hw = — Vepcy* PLbevy, Py,
Gr w \/5 chCY FLREY FLVe
b - - e~
o With left-handed projector
P =1/2(1-7°)
c
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The Effective Hamilton-Operator

Ve @ Propagator expanded into local terms
4Gp
Hw = — Vepcy* PLbevy, Py,
Gr w \/5 chCY FLREY FLVe
b - - e~
o With left-handed projector
P =1/2(1-7°)
c

Differential Rate

GE"Vch

dr =
4Mp

Ly W' dips

@ Leptonic tensor L,
@ Hadronic tensor WH"
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Heavy Quark Expansion

Optical Theorem

e Starting point: correlator of two hadronic currents

iTw = 2A143 / d*x e=X(mv=a)(B|b, (x)T ,c(x)2(0)I],b,(0)|B)
\q
/mbv
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Optical Theorem

e Starting point: correlator of two hadronic currents

2/\148/d4xe_,-x(m,,v—q)<B|Bv(x)rﬂc(x)z(o)rlbv(O)lB>
\q
/mbv

e O.T. relates W, to a discontinuity of T,, across a cut

Ty =
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Optical Theorem

e Starting point: correlator of two hadronic currents

2/\148/d4xe_,-x(m,,v—q)<B|Bv(x)rﬂc(x)z(o)rlbv(O)\B>
\q
/mbv

e O.T. relates W, to a discontinuity of T,, across a cut

Ty =

Relation for Optical Theorem

1
——ImT,, = v
T % %
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Operator Product Expansion |

Operator Product Expansion

/ d*x 25T [0a(x)0(0)] = Y CQ)04(0)

@ OPE allows transition to “free” quark fields
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Operator Product Expansion |

Operator Product Expansion

/ d*x 25T [0a(x)0(0)] = Y CQ)04(0)

@ OPE allows transition to “free” quark fields

@ Remove large momentum
pp = mpv + k

by(x) = ™oV b(x)

e k«— ID
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Operator Product Expansion |

Operator Product Expansion

/ d*x 25T [0a(x)0(0)] = Y CQ)04(0)

@ OPE allows transition to “free” quark fields

@ Remove large momentum @ Background field propagator:
pp = mpv + k 1
- SBGF = :
by(x) = "™ *b(x) myy —d + i) — mc
e k— iD e Expand Sggr in small quantitiy i)
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Operator Product Expansion Il

Expansion of the Propagator (Geometric Series)

o1 = 7,
1 1 . 1
- @_mc_@_mc(lw)@_mc

1 . 1 . 1
+@_mc(lm)@_mc(lm)@_mc—’_‘”

@ Q=mpv—g
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Operator Product Expansion Il

Expansion of the Propagator (Geometric Series)

o1 = 7,
1 1 . 1
- @_mc_@_mc(lw)@_mc

1 1 1
+ ip ip +--
@_mc( )@_mc( )@_mc
@ Q=mpv—g
@ Keeps track on the ordering of the covariant derivatives:
i) does not commute (color generators and Dirac matrices)
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Operator Product Expansion Il

Expansion of the Propagator (Geometric Series)

o1 = 7,
1 1 . 1
- @_mc_@_mc(lw)@_mc

1 . 1 . 1
+@_mc(lm)@_mc(lm)@_mc—’_‘”

@ Q=mpv—g

@ Keeps track on the ordering of the covariant derivatives:
i) does not commute (color generators and Dirac matrices)

Time-Ordered Product

2Mg iT,,, = (B(p)|byv,PLiSsGFY, PLby | B(p))

Sascha Turczyk Semi-Leptonic B — Xce™ 7e Decays 6/ 15



Introduction Motivation
Effective Interaction
Heavy Quark Expansion

Operator Product Expansion Il

Separate Contributions

@ Separate Dirac-matrices from matrix-element with derivatives
= T o 57 (B(R)|ya(iDp) - - (1Ds,)by 5B ()
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Operator Product Expansion Il

Separate Contributions

@ Separate Dirac-matrices from matrix-element with derivatives
= T o 57 (B(R)|ya(iDp) - - (1Ds,)by 5B ()

Remaining Task

o Evaluate forward matrix-element with general parametrisation
(* trace-formula”)

(B(P)|Bv.a(iDyy) - - - (iDy,) by 6| B(p))
@ Start from highest dimension, evaluation recursively
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Operator Product Expansion Il

Separate Contributions

@ Separate Dirac-matrices from matrix-element with derivatives
= T o 57 (B(R)|ya(iDp) - - (1Ds,)by 5B ()

Remaining Task

o Evaluate forward matrix-element with general parametrisation
(* trace-formula”)

(B(P)|Bv.a(iDyy) - - - (iDy,) by 6| B(p))
@ Start from highest dimension, evaluation recursively

Calculate Time-Ordered Product

o Contract Dirac-matrix coefficients with trace-formula

@ Calculate the trace
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The New Parameter in 1/m4

Results Effects on Precision Measurements

|dentification of Matrix-Elements

Spin-Independent Basic Parameters of Dimension 7
2Mg s1 = (B(p)|byiD,(iv - D)?iD’b,|B(p))
2Mg s, = (B(p)|byiD,(iD)?iD"b,|B(p))
2Mg s3 = (B(p)|bv((iD)?)?by|B(p))
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|dentification of Matrix-Elements

2Mg s1 = (B(p)|byiD,(iv - D)?iD’b,|B(p))
2Mg s, = (B(p)|byiD,(iD)?iD"b,|B(p))
2Ms s3 = (B(p)|b,((iD)*)*b,|B(p))

<

Spin-Dependent Basic Parameters of Dimension 7
2Mg s4 = (B(p)|byiD,(iD)?iD,(—ic"")b,|B(p))
2Mg s5 = (B(p)|byiD,iD,iD,iD"(—ic"")b,|B(p))
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The New Parameter in 1/m4

Results Effects on Precision Measurements

Physical Interpretation of the s;

Spin-Independent
2M351 = —g2<E2>
2Mgs> = g*((E?) — (B?)) + (((P)?)
2Mpss = (((p)*)°)

2

)
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The New Parameter in 1/m4

Results Effects on Precision Measurements

Physical Interpretation of the s;

Spin-Independent

2Mpgs; = —g*(E?)
2Mps, = g*((E*) — (B?)) + (((p)?)

2

)

2Mgss = (((p)*)°

)

2Mgsi = ~3g((S - B)(p)®) + 28((p - B)(S - p))
2Mpss = —g((S - B)(p)?)
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The New Parameter in 1/m4

Results Effects on Precision Measurements

Already Known Parameters

Up to Order 1/m?
2Mgi2 = —(B(p)|B (iD)?by | B(p))
2Mgjig = (B(p)|by(iD,.)(iDy)(~ic"")by|B(p))
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Results

Already Known Parameters
Up to Order 1/m?

2Mgji2 = —(B(p)|b, (iD)?by|B(p))
2Mgi% = (B(p)|Bu(iD,)(iD,)(~ 0" ) bu| B(p))

2Mgpp = (B(p)|by(iD)(iv - D)(iD*)by|B(p))
2Mgpts = (B(p)|B(iD,)(iv - D)(iD,)(—ic™)by|B(p))
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The New Parameter in l/m4

Results Effects on Precision Measurements

Already Known Parameters

Up to Order 1/m?

2Mg iz = —(B(p)|by(iD)*by|B(p))
2Mgjig = (B(p)|by(iD,.)(iDy)(~ic"")by|B(p))

Up to Order 1/m}
2Mgpp = (B(P)U:?v(iDu)(iV - D)(iD")bv|B(p))
2Mapts = (B(p)|By(iD,)(iv - DY(ID,)(—ic")by|B(p))

Relation to Normally Defined Parameters

@ Parameters ,u,zr,uzc,p%,pfs defined with spatial component

= Relation between “our” and normal definition
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The New Parameter in 1/m4

Results Effects on Precision Measurements

Estimation of the Size of the New Parameters

Physical Interpretation of the Old Parameters
2Mppz = (p?) 2Mppg = (S - B)
2Mppp = g(p-E)  2Mppis = g(S-(p x E))
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The New Parameter in l/m4

Results Effects on Precision Measurements

Estimation of the Size of the New Parameters

Physical Interpretation of the Old Parameters

2Mppz = (p?) 2Mppg = (S - B)
2Mgpp, = g(p-E)  2Mgpis = g(S - (p x E))
“Guestimates” of the New Parameters

_(glp-E))?  pp
(P?) pz’

2Mps; = —g2<E2> ~ etc.

6

PD 4 2 2

52NM7—MG+M7N S3 ™ Hg,  S4 ™~ S5~ —UGHT
™
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The New Parameter in l/m4

Results Effects on Precision Measurements

Estimation of the Size of the New Parameters

Physical Interpretation of the Old Parameters
2Mppz = (p?) 2Mppg = (S - B)
2Mppp = g(p-E)  2Mppis = g(S-(p x E))

“Guestimates” of the New Parameters

(glp-E)*

2Mps; = —g2<E2> ~ — <p2> 2 etc.
™
D 4 4 2,2
S2NM7_MG+MW7 53~ Uy  S4 S5~ —UGHy

Our GueSS {:Or BaSIC Pal’a meters S; (;1,3(, M?;- p'}), pis from Buchmiiller and Flacher)

s/ Gev? ‘ sy | Gev* ‘ s3 /| Gev? ‘ sy | Gev* ‘ s5 | Gev?

—0.0840.03/0.15+0.06]0.16 +-0.06 | —0.12 +-0.04 | —0.12 +- 0.04

Good agreement with I. I. Bigi, N. Uraltsev and R. Zwicky, Eur. Phys. J. C 50 (2007) 539
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The New Parameter in 1/m%

Results Effects on Precision Measurements

Moments of Lepton Energy Spectrum

Definition of the Moment

d2r®
SNED = / dMx dE E] ——— 05,
E(‘ut
_ GF”"chb’2 2 3 4
Fo = ——g53 (1= 8p—12log(p)p” +8p" — p°)
o
mj
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The New Parameter in 1/m%

Results Effects on Precision Measurements

Moments of Lepton Energy Spectrum

Definition of the Moment

d2r®
@y = M E E
I /dx Emdeedl\/ldEg
_ GF”"chb’2 2 3 4
Fo = ——g53 (1= 8p—12log(p)p” +8p" — p°)
2
m
p= m—g
b

Define Dimensionless Function
Z mb g, (ut
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The New Parameter in 1/m%

Results Effects on Precision Measurements

Moments of Lepton Energy Spectrum

Define Dimensionless Function

5
Si
SOED) = m) 8" (Eewr) 5
i=1 b

Values for the Coefficients g,-("), quoted for E.,; = 0.8 GeV
\" 1 2 3 4

1]-11570 -6.314 -3.418 -1.845
2 2.073 1.076 0.556 0.288
3| -5969 -2801 -1320 - 0.620
41 -0102 -0.126 -0.105 -0.074
5| -3377 -1.042 -0.174 0.089
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The New Parameter in 1/m%

Results Effects on Precision Measurements

Moments of the Hadronic Invariant Mass Spectrum

Definition of the Moment

sB(ME) = /de M3 dEgﬂ
Eout dM, dEy
G,_—mb| Veo|? 2 3_ 4
= ZF7bl7ebl (1 _gp— 12| -
o 1003 L8 og(p)p” +8p> — p*)
p= me
m}
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The New Parameter in 1/m%

Results Effects on Precision Measurements

Moments of the Hadronic Invariant Mass Spectrum

Definition of the Moment

@) d2r4
Ggm Vb2
o= Flg”2|ﬂ§’(1 —8p —12log(p)p” +8p° — p*)
L
mj
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The New Parameter in 1/m%

Results Effects on Precision Measurements

Moments of the Hadronic Invariant Mass Spectrum

Values for the Coefficients f,-("), Quoted for E.,; = 0.8 GeV
\" 1 2 3 4

1 | see below 6.214 -6.633 -1.322
2 | see below -1.343 1.026 0.203
3 | see below 2.472 1.358 - 0.033
4 | see below - 0.059 0.315 0.133
5 | see below -0.377 -0.129 0.019

Sascha Turczyk Semi-Leptonic B — Xce™ 7e Decays

13/ 15



The New Parameter in 1/m%

Results Effects on Precision Measurements

Moments of the Hadronic Invariant Mass Spectrum

Values for the Coefficients f,-("), Quoted for E.,; = 0.8 GeV
\" 1 2 3 4
see below 6.214 -6.633 -1.322

1

2 | see below - 1.343 1.026 0.203
3 | see below 2.472 1.358 -0.033
4
5

see below - 0.059 0.315 0.133
see below - 0.377 - 0.129 0.019

Coefficient fi(l)

@ Only coefficient with significant dependence on Ecyt

@ Dependence shown on plot
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The New Parameter in 1/m%
Effects on Precision Measurements

Results

Moments of the Hadronic Invariant Mass Spectrum

180 e
wo b T 11 P (Ba)
140 11 i B
120 i ] 2 cut
100 | R B 157 (Bow)
o8k i
g 0T N - fél)(Ecut)
N
(Eeut)
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The New Parameter in 1/m%

Results Effects on Precision Measurements

Overall Impact on the Theoretical Error

Contribution from 1/mj Terms to the Moments

@ Used central value for s; and quoted for E.,; = 0.8 GeV
nH 1/GeV‘2/GeV2‘?;/GeV?"4/GeV4

5@ (mz) || -0.1835 | -0.0104 | 0.1850 | 0.1064

s®(Eny | 0.0066 | 0.0154 | 0.0351 | 0.0803
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The New Parameter in 1/m%

Results Effects on Precision Measurements

Overall Impact on the Theoretical Error

Contribution from 1/mj Terms to the Moments

@ Used central value for s; and quoted for E.,; = 0.8 GeV
nH 1/GeV‘2/GeV2‘?;/GeV?"4/GeV4

s®mz) | -0.1835 | -0.0104 | 0.1850 | 0.1064
s®(Eny | 0.0066 | 0.0154 | 0.0351 | 0.0803

Contribution to the Total Rate

o We use the guestimate for the s; parameters

@ Other values taken from Buchmiuller and Flacher
s@r
r

~ 0.25%

Sascha Turczyk Semi-Leptonic B — Xce™ 7e Decays 14/ 15



Summary & Outlook

@ In principle calculation for arbitrary O(1/mj) possible

o Complete result for O(1/m}) contributions at tree-level known
o Size of 1/m{ terms is “normal” in tree-level calculation
°

Small experimentel errors: Analysis is already sensitive to the
new O(1/mj) contributions

Theoretical uncertainty (HQE) of V,y, determination reduced
to < 1%
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Summary & Outlook

@ In principle calculation for arbitrary O(1/mj) possible

o Complete result for O(1/m}) contributions at tree-level known
o Size of 1/m{ terms is “normal” in tree-level calculation
°

Small experimentel errors: Analysis is already sensitive to the
new O(1/mj) contributions

Theoretical uncertainty (HQE) of V,y, determination reduced
to < 1%

@ Investigation of phasespace logarithms

o Radiative corrections to 1/m3 contributions
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Connection between the two definitions

- 2
Parameters in 1/mj

D 1 4
Mn—ﬂn+87n%[52+53+ ss|]

1 1

A2 2 3 3

e = pe — —Ipp + pis] — —5[s2 + 53 + 4s
G — MG b[D Ls] 4 %[2 3 5]

: 3
Parameters in 1/mj,

A3 _ 3
Pp = Pp
S1

A3 3 51
PLS = PLS m,
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Backup Slides

Parametrisation of Matrix-Elements

(B(P)|bu,a(iDyy)-w-(iDy )b | B(p))
= (By|hya(iDyy)---(Dyy Y 5[Bu) + O(1/my)

_ A
=180 Auipa-pn T SABmuz-wn

e With the generalization of the Pauli matrices sy = P, v)\y5P+

Nonstatic Case

(B(P)|bv,a(iDyy)---(iDy,—y ) by,5|B(p))
= Z r(ﬁI;A;(Lll)uz'“un—l

A 1
o Where ) are the complete set of the 16 Dirac matrices
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Backup Slides

Example for Trace-Formula

2m

+ o { - - i)
e (=4 v its + )

+O(1/my)

(B(p)[B,(iD")by |B(p)) = — Mim{vﬂ(ﬂ’é . ﬁ%)}
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Total Rate

Backup Slides

— p* +8p% — 12log(p)p® —8p + 1

— 5p* +24p% — 12(log(p) + 2)p* + 8p — 3)

{
< — p* +8p° — 12log(p)p® — 8p + 1)
(
(

+16p% — 12p? — 16p + 12log(p) + 17>
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Backup Slides

Total Rate

8
+ —s1 (9,04 —20p% 4+ 9p° + 6log(p) + 2)
9mb
+ % < —27p* +76p% — 72p? + 36p — 12log(p) — 13)
9m,
4
+ —=253 <3p4 —7p° +9p% — 21p + 4(3log(p) + ))
9mb
+ 35 ( —5p* +16p° — 12p% — 16p + 12log(p) + 17)}
m
b
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