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Precision B physics?

Expect precision measurements from current + future B physics experiments

examples: » 6Br(B — Xsvy) ~5-10% @ | FastMc, LHCb 2701
<
> 6VUb|incIusive ~5-10% ++%‘:€\
1 \%+ |
» zero of Apg(B — K*£t¢~) ~ 10% e +4

Theory is challenged to match the experimental precision
» develop strategies where hadronic uncertainties largely cancel
» need progress from non-perturbative methods

» work out subleading corrections in SCET: NNLO and 1/my,
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B physics at the NNLO frontier

NNLO programme complete for Hepr = >_; C; Q;

» 2-loop / 3-loop matching corrections [Bobeth, Misiak, Urban 99; Misiak, Steinhauser 04]
» 3-loop / 4-loop anomalous dimensions [Gorbahn, Haisch 04; Gorbahn, Haisch, Misiak 05;

Czakon, Haisch, Misiak 06]
— need hadronic matrix elements to same level of precision

Some (incomplete) NNLO analysis based on SCET

» B— Xsv [Becher, Neubert 06]
» B— Xylv [— talk by Ben Pecjak]
» B— Vy [Ali, Greub, Pecjak 07]
» B—> MM [Beneke, Jager 05,06; Kivel 06; GB 07,09; Pilipp 07; Jain, Rothstein, Stewart 07]
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Heavy-to-light currents in SCET,

2-body operators 3-body operators

gro = Z/dsc s) 0W(s) + Z/ds1dsg CP(s1,8) 0P (s1,8) + -
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Heavy-to-light currents in SCET,

2-body operators 3-body operators

grb = Z/ds f)fA)(s) OSA)(S) + Z/d31d32 é,-(B)(S1,Sg) OfB)(s1.sg) + ...
7 i

3
2
3
Inclusive decays leading contribution power-correction
A B )
o) - Jes 0F) - v jies
Exclusive decays non-factorizable in SCET/, factorizable in SCET,
A B
(0" — ¢ (0F) — 652 J| @ ém
soft-overlap contribution hard spectator scattering
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Heavy-to-light currents in SCET,

2-body operators 3-body operators

gro = Z/dsc o(*‘(s)+z/ds1dsgc (s1,82) 0P (s1,82) + .

3
2
3
Hard coefficients O(as) : 1-loop
QCD — SCET/ [Bauer, Fleming, Pirjol, Stewart 00]
0O(a?) : 2-loop O(a?) : 1-loop

[Beneke, Kiyo, Yang 04; Becher, Hill 04]

— 2-loop matching required for NNLO analysis of inclusive and exclusive B decays
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Heavy-to-light currents in SCET,

2-body operators

3-body operators

grb = Z/ds (N),.(A)(s) OfA)(s) + Z/ds1d32 éfB)(s1,sg) OfB)(shSz) + ...
i

i

-

Status of 2-loop calculation
> [ =~+ B — Xytv, B — wlv
» =10 B— Xft¢—, B— K*¢te—
(g2 = 0 known from B — Xsv, B — K*~)

NDR-scheme relates currents with and without ~5
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[Bonciani, Ferroglia 08; Asatrian, Greub,
Pecjak 08; Beneke, Huber, Li 08; GB 08]
[GB, Beneke, Huber, Li in preparation]

[Melnikov, Mitov 05; Asatrian, Ewerth, Ferroglia,
Gambino, Greub 06; Ali, Greub, Pecjak 07]
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Set-up for 2-loop matching

Heavy-to-light currents in leading power

arb ~ / ds E(s) [ Whel(sn+) T hy

i
Strategy: compute (q|...|b) in QCD and SCET;,

matching simplifies in Dimensional Regularization with on-shell quarks
— SCET diagrams are scaleless and vanish

2-loop QCD calculation

R=X
W

here: less diagrams / integrals
no evanescent operators

%j gf:wﬁ similar to 2-loop calc. in B — 7w [GB 07,09]
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Multi-loop techniques

Automatized reduction algorithm

>

|

—

integration-by-parts identities [Chetyrkin, Tkachov 81]
solve large system of equations efficiently [Laporta 00]

reduce O(1.000) scalar 2-loop integrals to 14 Master Integrals

Calculation of Master Integrals

» method of differential equations [Kotikov 91; Remiddi 97]

» harmonic polylogarithms [Remiddi, Vermaseren 00]

» Mellin-Barnes techniques [Smirnov 99; Tausk 99]

» method of sector decomposition [Binoth, Heinrich 04]

— analytical results known from 2-loop analysis in B — 7w [GB 07]
confirmed by several independent calculations [Bonciani, Ferroglia 08; Asatrian, Greub,

Pecjak 08; Beneke, Huber, Li 08; Huber 09]
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Renormalization

Standard QCD counterterms, e.g.

» wave-function renormalization (on-shell scheme) [Gray, Broadhurst, Grafe, Schilcher 90]

2(2):74+< 83 56 M2>1

b &
5543  14n? 32w2|(2)+16( 178|;L2 L o
- = — — - —In— — In’ €
54 9 3" 3 "m 3 2

» current renormalization (MS-scheme)

@ 9 11
z¥ = C,:{ bcp+ 5 Ca—2mTe

1 3 97 5 1
—2+{7—Cf,—7 CA+7n,T,:]—}
€ 4 €

(2) _
Z,7 =0

20—l le— Dey s Bnre] 2
T =R |3F A TF| 3
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IR-subtractions

Matching: do not simply drop remaining poles!
instead use MS-counterterm of SCET, currents

zj”:cp{—%—flnij}
€ e nyp €

[Bauer, Fleming, Pirjol, Stewart 00]
2 ) . .
Zj ) from 2-loop calculation of jet and shape function [Becher, Neubert 05,06]

— IR-subtractions involve finite terms from C}”Zy)

Subtlety: QCD-side contains b-quark loops, SCET-side does not

account for additional renormalization from a(ss) — a(s4)

2 2 2
1) 4w 2 o pt  m 2
oV =T 2 mE (22 L T e o
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Charm mass effects

charm quark enters at 2-loop through fermion bubble 3
m2

2
— not tremendously important, but naively - In % ~0.20 > %
b c

Choose power-counting

> Me~ ppe ~ (AQCDmb)‘/2 » m¢ — oo, Mp — oo, Mg/ my fixed
IR-scale in hard matching (mc = 0) me¢-dependence in hard matching
mc-dependence in jet-function jet function with 3 massless quarks

Adopt second scenario
— 4 new Master Integrals, modified UV- and IR-subtractions, numerical results

MATCHING HEAVY-TO-LIGHT CURRENTS AT 2-LOOP GUIDO BELL
SCET WORKSHOP - CAMBRIDGE MARCH 2009



Wilson coefficients in NNLO

r=~+" — Cy1,Cv2,Cyzs

r=1 — Cs

r=iock” — Cry,Crz (Crpa=Crsa=0)

momentum transfer g° = (O u)mfJ
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Heavy-to-light form factors

FE=M(E) ~ CL(E) em(E) + / dw / du ds(w) Tx(E.w, u) du(v)

o)
L0 .
LO
09r X= F+
Fo
0.8 FT
%
0.7
Ty
06+
_ 2F
0.0 my,
— "universal” corrections to heavy-to-light form factors
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Symmetry-breaking corrections to form factor ratios
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symmetry limit

with 1-loop Cg(A)

with 2-loop CS(A)

with spectator scattering

--- QCD sumrules

2-loop corrections "largest” for

mg+my Ty
v

Ry = B

which enters

[Ball, Zwicky 04]

»  |Vig/Vyp|-determination from

[(B—pv)
dr(B— ptv)/dqd cos 6
dApg(B—VeteT)
- a2

» zeroof
e}

[GB, Beneke, Huber, Li in preparation]
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Summary

» Computed 2-loop hard matching corrections for heavy-to-light currents in SCET,

» Find ~ 10% corrections to individual heavy-to-light form factors,

but very small corrections to form factor ratios

» 2-loop corrections presumably more important in B — Xyfv and B — Xs¢™ 4,
where they represent only part of the NNLO corrections
(to be combined with 2-loop jet function and SCET resummation)

[— talk by Ben Pecjak]
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