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Motivation: Bottom-up approach

Assume existence of New Physics (NP) at short distances, no specific model

NP not directly accessible to experiment (yet): effects appear indirectly as modifications to interactions
among SM particles

Supplement SM lagrangian with terms of dimension higher than four (“higher dimension operators™) as
allowed by Lorentz Invariance and gauge symmetries.

A term of dimension n > 4 appears in the lagrangian with coefficient ¢/ Aﬁffl (with ¢ ~ 1)
Hence low energy effects are suppressed by powers of Anp
(just a generic form of the effective field theory of the top-down approach)

Advantages of bottom-up approach:
fairly general, encompasses many (all?) realistic extensions of SM (model independent)
few parameters

Disadvantages:
no clear correlation between long (GeV~') and very short (TeV~!) distances

< -

In this talk I will avoid translation of bounds into explicit models (typically SUSY)



Flavor problem

The EFT (either approach) generically contains terms that mediate AF = 2
or FCNC decays at tree level and suppressed only by ¢/A%5* (with ¢ ~ 1)

with n — 4 = 2 this requires Anp in excess of 10* TeV from, e.g., K-mixing



Flavor problem

The EFT (either approach) generically contains terms that mediate AF = 2
or FCNC decays at tree level and suppressed only by ¢/A%5* (with ¢ ~ 1)

with n — 4 = 2 this requires Anp in excess of 10* TeV from, e.g., K-mixing

ae- 121 (doyeso)(deytse) + 20 (Wovuer ) (@Winter) + 21 (Uper) (Wrer )|

\ 2
JK 52 5K 3 8 % 10 || =N

A

T e ) gﬁ) — 3.3 x107° (1 Ef\)
4 ‘\

Im(zP) < 21D = 1.0 x 10~ (1 %R,)

[Nir; Perez; Weiler; (@ Planck2009]



Goal of heavy quark physics:  constrain models of new physics,
verify with precision SM+CKM

Plan of the Talk

Introduction with review of CKM theory

Purely leptonic decays

BB mixing: |Vii; DD mxing

Towards a precision determination of |V,;|, |V
Progress in Rare B Decays
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I am sorry I have to leave out many interesting topics (with apologies to speakers in parallel sessions):

CPV/angles, two body hadronic decays, sin 23 determinations from sss penguins (vs ccs trees), heavy
flavor at LHC, explicit BSM theories of/with flavor, ...



The CKM Matrix
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Consistency check of CKM theory: global fit
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tree vs loop: disentangling new physics form old (orthodoxy: NP enters only at loop level)
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Progress and Puzzles 1in Purely Leptonic B and D Decays
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* s-channel charged higgs exchange, with ys « y. and y., y: ~1: disfavored by D decay data
* t-channel charge +2/3 leptoquark exchange; disfavored by bound on 7 — uss
* y-channel charge —1/3 leptquark exchange (like d-squark)

Lq = Ko (Coly — 51y ) d + K3, Crlpd + Hee., Al tree level!



B — tv

Tension between sin 25 and Br (B — tv):

global fit without using these measurements,
cross 1s from experimental values (10)

Shape of correlation best understood from ratio:
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B—1v, B— X1V

Sensitive to charged higgs exchange. Normalize to non-tau [Hou; Isidori]
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Neutral Meson Mixing: generalities
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Decay amplitudes: Ay = (f|H|P"). As = (f|H|P°)

dilepton asymm. (Asr. for B’s)
non-pertubative: incalculable
(OPE in B no better than lifetime)
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* reduced sensitivity to NP in Mi2 (even for dominant NP)
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DD mixing
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® Theory:
Combine Heavy Quark Mass Expansion (HQET) and Operator Product Expansion (OPE)
[Chay, Georgi, BG; Voloshin, Shifman; Bigi et al; Manohar, Wise, Bloek et al]

. inclusive decays B — X Av

® OPE: expand since my is larger than any scale in HQET matrix element
® Decay rate for B — X, (v,

/ ]--n I(D ~ A\Q(:'D mp) "
I' = To+ I'i+ T+ I'3+
my, AN Tio3.m < With 1/m. expansion
6 parameters = _
mp. M., A2 P12 < No 1/m. expansion

['; given in terms of few non-perturbative parameters + expansion in s (mp)
I'g is free quark decay rate

I'y =0 (Luke’s theorem)

Local quark-hadron duality is mildly used (to show a correction 1s small)
Moments of distribution have differing sensitivity to non-perturbative parameters
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Moment Analysis

[Falk et al; Kapustin, Ligeti; Gambino, Uraltsev; D. Benson et al; Bauer et al]

Lepton Energy
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Data: BaBar, BELLE, CDF, CLEO, DELPHI

Global Analysis

With/without 1/m. expansion

Compare mass schemes: 1S, PS, ...

Half integer hadronic moments error badly behaved
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Luke’s theorem
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[Boyd et al; Caprini et al; Bjorken; Uraltsev; Oliver et al]

[Dvitiis et al; Laiho et al]

Lattice Fx(1) = 0.917 & 0.008 == 0.005

HFAG (ICHEP 2008) = (1)|V,| = (35.41 £ 0.52) x 1073

DPF-Detroit (me, added in quad)

Vep| = (38

62+ 0.69) x 1073

Deviates from inclusive by 4.50

. exclusive decays B — (D, D™ ){v

— Dispersion relation

F DL+ p°(w—=1)+c(w—-1)°+...

Extrapolation to w = I constrained by dispersion relations (unitarity/analiticity)

Linear form factor

Data

. 4 |

——T

ALEPH (excl)

CLEO
413+ 1.3+ 1.8

OPAL (excl)
369+ 1.6+ 1.5

37.6+ 1.2+ 24

358+ 14+ 23
BELLE (excl)

347+ 02+ 1.0
DELPHI (excl)
363+ 184 1.9
BABAR (excl)
339+ 03+ 1.1
BABAR (D*0)
349+ 08+ 14

3572 02+ 1.2
Average
354+ 0.5

OPAL (partial reco)

DELPHI (partia!

—{
316+ 1.8+ 1.3

I reco)

BABAR (Global Fit)

x*/dof = 39/21 (CL = 0.01 %)

HFAG

; ICHEPO8
|| ! | ! |

25

30

35 40 45,
F(1) X IV | [10°]




1 4l X
I dmy

(GeV~)

Need to impose large E ;-cut to remove background from B — X .fv

OPE breaks down near end of spectrum. 5
Maybe re-summed (in restricted range ) into unknown “shape function” f(x):
[Bigi et al; Neubert]

05 1 15

OMpf(x) = (B|Qud(x +in-D)Qu|B) n-v=1 n>=0 £ eV

Universal: measure in B — X4y and use in B — X v

Moments analysis: re-sum short distance corrections
[Leibovich et al; Neubert]

OR: use OPE by novel cuts

00
" better
1 dl €
= rduf
25 ootue 004 §
1 e e e ' - h—”( {IIIHH'('(I (GeV<) !
" 3 )
" ) i - { \
08 " = B= my<my 003
:.. i s Y 3
" q? 5 H = o ~(mg-mp)- ! N
06 i (GeV?) { B
R} : S 10 15 20 25
04 , ‘ ¢ (GeV’)
02
5 10 15 20 25
m{‘.((,ic'\"‘)

mi (GeV?)



|Vub

® Theoretical Uncertainties
[Bauer et al; Leibovich et a al; Neubert]

e Weak annihilation contribution independent of ¢~ and mcus;

. inclusive rate B — X, v

depends on magnitude of factorization violation 05!
5 G2 |Vup|? (4.7 GeV)? 5 AG | WA
F(cht? mcut) o 1927_(_3 G(cht 7mcut) ? 0.3 //
0.2 e
_ ped
e Universality violation in shape function 0.1 -
. D S 3
® sub-leading shape functions ol—— "7 | other O(Nmy)™ |
6 8 10 12 14
q2 (GeV’)
o as(NAmp)*A/my “brick wall”
® numerics: as(NAmp)* A/my at least 5%
but there are ~10 terms so guesstimate \/(10)*5% =15%
Vet v, Bt
® [nclusive tension v [ Global fit Inclusive ,':J
100 f=
o [ B YY" SCET
“r e Y Global
40

20 [ 1 1 1 1 1 1 VIJEJ
3.25 350 375  4.00 425 450 4.75



® Results I: novel cuts (not so novel any more)

e Different analysis (ie choices of cuts, moments, etc)
require different calculations:

BLNP

BLNP - B.O. Lange, M. Neubert and G. Paz, Phys. Rev. D72:073006 (2005) [arXiv:hep-ph/0504071v3]

DGE - J.R. Andersen and E. Gardi, JHEP 0601:097 (2006) [arXiv:hep-ph/0509360v2]. and [arXiv:0806.4524]
GGOU - P. Gambino, P. Giordano, G. Ossola, N. Uraltsev, JHEP 0710:058,2007 [arX1v:0707.2493].

ADFR - U. Aglietti, F. Di Lodovico, G. Ferrera , G. Ricciardi, EPJC, Vol. 59 (2009), [arXiv:0711.0860],

U. Aglietti, G. Ferrera and G. Ricciardi, Nucl. Phys. B768, 85 (2007) [arXiv:hep-ph/0608047]

CLEO (E,)

3.94+0.46 +037-033 Ina——

BELLE sim. ann. (m,, qz)

4.33 +0.46 +0.35 - 0.30 ——
BELLE (E,)

474 %044 +0.35 - 0.30 A
BABAR (E,) :

429 +0.24+0.35 - 0.30 ————

BABAR (E,, s™)

4.41+030+042-037 e —
BELLE (my) 1
3.99%0.26 +0.30 - 0.25 ——A—
BABAR (my)

4.13+020+032-027 -
BABAR (my-q°) ;
4.41£0.29+0.36 - 0.31 T
BABAR (P

3764024 +031-025 —

Average +/- exp + theory - theory f
4.32£0.16+0.32 - 0.27 ‘:

¥*/dof = 8.5/ 8 (CL = 39 %) :
Bosch, Lange, Neubert and Paz (BLNP) :
Phys.Rev.D72:073006,2005 ]

) | ) | |_rcHEPO8

2 4 6

IV, [x 107

CLEO (E,)

BELLE sim. ann. (m,, qz)
3.95+£0.42 +£0.22
BELLE (E,)

BABAR (E,, sp™)
DDFR 3.87£0.26 +0.23 - 0.24
BELLE my
3.931£0.26 £0.23
BABAR my
4.04 £0.19 £0.24
BABAR my-q~
4.14 £0.26 £0.23
BABAR P’

Average +/- exp + theory - theory
3.76 £0.13 £0.22

F/dof = 17.1/8 (CL= 3 %)

[arXiv:07‘l 1.0860], u?d rcfcrcm;c‘s therein |

3.49 £0.20 £0.23 = L

325+0.17+0.22-0.21 *

BABAR (E,)
3.46 £0.14 £0.23 ——ta

< ——d
3.45+0.22+0.21-0.37 |

U.Aglietti, F.Di Lodovico, G.Ferrera , G.Ricciardi (ADFR)

1 2 3

4 5
IV, [x107]

DGE

CLEO (E,)

3.58 £0.42 +0.26 - 0.20
BELLE sim. ann. (m,, q:)
4.16£0.44+0.24-0.14
BELLE (E,)
4.56+£0.42+0.22-0.19
BABAR (E,)
4.04+027+0.24-0.21
BABAR (E,, sj™)
4.01£0.27 +0.28 - 0.22
BELLE my

4.07+£027+0.22-0.19
BABAR my
4.25+0.20+0.20 - 0.14

BABAR m\—q:
424+028+0.23-0.16
BABAR P*
3.73+£0.24 +0.28 - 0.22

Average +/- exp + theory - theory

4.26£0.14+0.19-0.13
%’/dof =7.3/8 (CL = 51 %)
Andersen and Gardi (DGE)
JHEP 0601:097,2006

E. Gardi arXiv:0806.4524

1 l 1

|_icHEPos

2

6

IV, | [x107]

BLL

GGOU

BLL - C.W. Bauer, Z. Ligeti and M.E. Luke, Phys. Rev. D64:113004 (2001) [arXiv:hep-ph/0107074v1]

CLEO (E,)
3.77+0.44+0.26-0.39

BELLE sim. ann. (my, qz}

4231£045+0.34-035
BELLE (E,)

4.61 £0.43+0.23-0.31
BABAR (E,)
4.131£0.23+0.23-0.34
BELLE my
3.93+£0.26+0.19-0.22
BABAR my
4.07£0.20+0.27-0.29
BABAR m\—ql
4.29+£0.28 +0.34-0.36
BABAR P*
3.52+0.23+0.30-0.31

Average +/- exp + theory - theory

3.96£0.15+0.20-0.23

¥/dof =7.0/7 (CL = 43 %)
P. Gambino, P. Giordano, G. Ossola, N. Uraltsev
JHEP 0710:058,2007 (GGOU)

1 l 1

|_icHEPOS

2

BELLE breco (my, q°)
4.97 +£0.39 +0.37

BELLE sim. ann. (my, q:)
4.67£0.49 +0.34

BABAR (my, q°)

4.88 +0.32 +0.36

Average +/- exp +/- theory
4.87+0.24 +£0.38

X2/d0f= 0.4/2(CL= 83 %)

C.W. Bauer, Z. Ligeti and M.E. Luke (BLL)

Phys. Rev. D64:113004 (2001)

|

i [ IcHEPOS

2

6

IV, | [x107]

_36
IV, [x107]



® Results I: novel cuts (not so novel any more)
e Different analysis (ie choices of cuts, moments, etc)

BLNP

Spread indicates underes

require different calculations:

BLNP - B.O. Lange, M. Neubert and G. Paz, Phys. Rev. D72:073006 (2005) [arXiv:hep-ph/0504071v3]

DGE - J.R. Andersen and E. Gardi, JHEP 0601:097 (2006) [arXiv:hep-ph/0509360v2]. and [arXiv:0806.4524]
GGOU - P. Gambino, P. Giordano, G. Ossola, N. Uraltsev, JHEP 0710:058,2007 [arX1v:0707.2493].

ADFR - U. Aglietti, F. Di Lodovico, G. Ferrera , G. Ricciardi, EPJC, Vol. 59 (2009), [arXiv:0711.0860],

U. Aglietti, G. Ferrera and G. Ricciardi, Nucl. Phys. B768, 85 (2007) [arXiv:hep-ph/0608047]
e BLL - C.W. Bauer, Z. Ligeti and M.E. Luke, Phys. Rev. D64:113004 (2001) [arXiv:hep-ph/0107074v1]

CLEO (E,)

3.94 046 +0.37-0.33
BELLE sim. ann. (m,, qz)
4.33 £0.46 +0.35 - 0.30 ——
BELLE (E,) :
4.74 +0.44 +0.35 - 0.30 A
BABAR (E,) !
429 £0.24 +0.35 - 0.30 .
BABAR (E,, s™)
4.414030+042-0.37 .
BELLE (my) 1
3.99 +0.26 +0.30 - 0.25 ——A—
BABAR (m,)
4.13+020+032-027 -
BABAR (my-q°) ;
4.41£0.29+0.36 - 0.31 T
BABAR (P")

64024 +031-025 ——u
Average +/- exp + theory - theory

4.32%0.16+0.32-0.27

¥*/dof = 8.5/ 8 (CL = 39 %) :
Bosch, Lange, Neubert and Paz (BLNP) :
Phys.Rev.D72:073006,2005 ]

| | | | | | L |__ICHEPO8

2 4 6
IV, [x 107

CLEO (E,)
3.49£020 %023
BELLE sim. ann. (m,, qz)
3.95+£0.42 +£0.22
BELLE (E,)
325+0.17+0.22-0.21
BABAR (E,)

46 £0.14 £0.23
BABAR (E,, sp™)
3.87£0.26 +0.23 - 0.24
BELLE my
3.93+£0.26 +£0.23
BABAR my
4.04 £0.19 £0.24
BABAR my-q~
4.14 £0.26 £0.23
BABAR P
3.45+0.22+0.21-0.37

DDFR

Average +/- exp + theory - theory
3.76 £0.13 £0.22

F/dof = 17.1/8 (CL= 3 %)
U.Aglietti, F.Di Lodovico,
larXiv:0711.0860]. apd references therein |

——d

D

L ICHEP08

G.Ferrera, G.Ricciardi (ADFR)

1 2 3

DGE

CLEO (E,)

3.58 £0.42 +0.26 - 0.20
BELLE sim. ann. (m,, q:)
4.16£0.44+0.24-0.14
BELLE (E,)
4.56+£0.42+0.22-0.19
BABAR (E,)
4.04+027+0.24-0.21
BABAR (E,, sj™)
4.01£0.27 +0.28 - 0.22
BELLE my
4.07+£027+0.22-0.19
BABAR my
4.25+0.20+0.20 - 0.14
BABAR m\—q:
424+028+0.23-0.16
BABAR P*

3.73+£0.24 +

Average +/- exp + theory - theor:

4.26%0.14 +
wldof =7.3/8
Andersen and

0.28-0.22

0.19-0.13
(CL= 51 %)
sardi

e Gardi (DGE)
JHEP 0601:097,2006
E. Gardi

Gardi arXiv:0806.4524

—
—_——

—

| I |_rcHEPO8

2

4 ,6
IV, [x107]

BLL

4 -3 5 . . .
timated theoretical uncertainties

GGOU

CLEO (E,) :
3.77+0.44+0.26-0.39 = :
BELLE sim. ann. (my, q°) ‘
4.23£0.45+0.34-0.35
BELLE (E,)
4.61£0.43+0.23-0.31
BABAR (E,)
4.13£0.23+0.23-0.34
BELLE my
3.93+0.26+0.19-0.22
BABAR my
4.07£0.20+0.27-0.29
BABAR m\—ql
4.29+£0.28 +0.34 - 0.36
BABAR P*
3.52+0.23+0.30-0.31

——
——a——
— L~ .
b——%
e
—— i |

Average +/- exp + theory - theory

3.96£0.15+0.20-0.23 *

¥/dof =7.0/7 (CL = 43 %)
P. Gambino, P. Gi

. Gambino, P. Giordano, G. Ossola, N. Uraltsev |
JHEP 0710:058,2007 (GGOU) 3
I | I I I 3\ I L_{CHEPOS

2 4 6
IV, [x 107

BELLE breco (my, q°)
4.97 +£0.39 +0.37

BELLE sim. ann. (my, q:)
4.67£0.49 +0.34

BABAR (my, q°)
4.88 +0.32 +0.36

Average +/- exp +/- theory
4.87+0.24 +£0.38

X2/d0f= 0.4/2(CL= 83 %)

C.W. Bauer, Z. Ligeti and M.E. Luke (BLL)

Phys. Rev. D64:113004 (2001)

|

i [ IcHEPOS

2

(in 2005 Belle and BaBar reported results with 5% theory uncertainty)

4

6

IV, | [x107]



® Results II: moments radiative/semileptonic
® LLR - Leibovich, Low, and Rothstein, Phys.Rev.D62:014010,2000 [arXiv:hep-ph/0001028v2], and
Phys.Lett.B486:86-91,2000 [arXiv:hep-ph/0005124v1]
® LNP, Lange, Neubert and Paz (JHEP 0510 (2005) 084 [arXiv:hep-ph/0508178v2] and JHEP 0601 (2006) 104 [arXiv:hep-ph/
0511098v1])

HFAG Ave. (BLNP)

432 +£0.16 +0.32-0.27 ¢

HFAG Ave. (DGE)

426 +0.14 +0.19 - 0.13 e

HFAG Ave. (GGOU)

3.96 +0.15 +0.20 - 0.23 e

HFAG Ave. (ADFR)

3.76 +0.13 £0.22 R

HFAG Ave. (BLL)

4.87 +0.24 +0.38 ¢
BABAR (LLR)

4.92 +0.32 +0.36 — =
BABAR endpoint (LLR)

4.28 +0.29 +0.48 =

BABAR endpoint (LNP)

4.40 +0.30 +0.47 "

HFAG
| |

2 3 4 5 ;
V.1 [x 107




|Vub

2

. exclusive decays

qmax
Br(B — wlv) = ]Vub\Q/ dg® [ 7 (q7)” x (trivial factors)
0

® Problem:

® experiment gives low ¢ data
e lattice gives form factor at high ¢
® extrapolation introduces error

® Moving NRQCD: low data from lattice

[K. Wong]

e Dispersion relations: combine lattice and experimental data over full g2 region fitting to
model-independent expression based on analiticity and unitarity

[Arnesen et al; Becher an dHil; Ball; Mackenzie and Van de Water]

Ny=2+1

V| = (2.94 £0.35) x 1073

(Van de Water, Lattice 2008)

(12% error)

23
S
o

Simultaneous fit of lattice and BABAR F+ data

2 ’/d.o.f. = 0.46

0.04 —

0.035

0.03

0.025

0.02 —

0.015

0.01 ' '

4 parameter z-fit

® Jattice data
» 12-bin BABAR data rescaled by IV | from 4-parameter z-fit

I I
H——e—H
H——e—H
H—e———
——eor——
——eo—+1+
——e—1+—
H——e—+—
7
H——
F——

-04 E =0 -03
T



Tension between inclusive and exclusive?

HFAG Ave. (BLNP)
432 +0.16+0.32-0.27 ®

HFAG Ave. (DGE)

426 +0.14 +0.19 - 0.13 e

HFAG Ave. (GGOU)

3.96 +0.15 +0.20 - 0.23 e

HFAG Ave. (ADFR)

3.76 £0.13 £0.22 e

HFAG Ave. (BLL)

4.87 £0.24 £0.38 ¢
BABAR (LLR)

4.92 +0.32 +0.36 — =
BABAR endpoint (LLR)

428 +0.29 +0.48 "

BABAR endpoint (LNP)
4.40 +0.30 +0.47 ' ' =

HFAG
| |

2 3 4 5 ;
V.1 [x 107

(FNAL/MILC point not from HFAQG)



'

Other ways to get |V,

® B(B — () measures fg x |V,u| — need fg from lattice

® “Grinstein-type double ratio” inspired ideas (HQS / chiral symmetry suppressions)

‘N

- J{B < J;Ds — lattice: double ratio = 1 within few % Grinstein 53
Bg D
f-(B—>p€17) f(D—>K*€I7) 9 .

- HBRA ) X D or ¢° spectra — accessible soon? [zt wise: Grinstein, Pirjol]

CLEO-C D — pfp data still consistent with no SU (3) breaking in form factors

. . . [ZL, Stewart, Wise]
Could lattice do more to pin down the corrections?

Worth looking at similar ratio with K, = — role of B* pole...?
_ B(B — () y B(Ds — {v)

B(Bs — ¢£+¢—) B(D — ¢p)
_ B(B, — {tv)

B(Bqg — ptu~)

Very Clean. . after 201 5? [Ringberg workshop, '03]

even cleaner... ever possible? (Grinstein, CKM'06]

source: Z. Ligeti, Lattice QCD Meets Experiment Workshop,




Rare B Decays: b — sy /™.
\

eSensitive to New Physics
eRate
*CP asymmetry
eExperimental Measurements
*Precise Rate (~7% HFAG2008)
e Asymmetry will improve
eLargely Under Control (non-perturbative effects ~5% in rate)



Rare B Decays: b — sy /™.
\

eSensitive to New Physics
eRate
*CP asymmetry
eExperimental Measurements
*Precise Rate (~7% HFAG2008)
e Asymmetry will improve
eLargely Under Control (non-perturbative effects ~5% in rate)

*Ceff — £QCD><QED(U7 d7 S, C, b) + ﬁ ‘/Z;‘/;fb Z2107(N) Q?f



Rare B Decays: b — sy /™.
\

eSensitive to New Physics
eRate
*CP asymmetry
eExperimental Measurements
*Precise Rate (~7% HFAG2008)
e Asymmetry will improve
eLargely Under Control (non-perturbative effects ~5% in rate)

Q12 = b\-/s = (sTc)(clb),  from b W s Ci(my)| ~ 1

Q3456 = g\/j = (81b)22,(q%q), C;(my)| < 0.07
év

Q7 = ° : = % so"brkEy,, C7(my) ~ —0.3
e

Qs = % = fg;% S, T brGY,, Cg(my) ~ —0.15



eSensitive to New Physics

eRate

Rare B Decays: b — sv

*CP asymmetry

eExperimental Measurements

*Precise Rate (~7% HFAG2008)

e Asymmetry will improve

eLargely Under Control (non-perturbative effects ~5% in rate)

Q12
(03,456

Q7 =

Qs =

1672

= gmg S TG

<§FZ'C) (EF;b), from - W S

(Esz)Zq((iFQQ),

emy _
SLO'NJV[?RF:LW7

167 pv

W

bms
- -
N

Known to NNLO



eSensitive to New Physics

eRate

Rare B Decays: b — s7y

*CP asymmetry

eExperimental Measurements

*Precise Rate (~7% HFAG2008)

e Asymmetry will improve

eLargely Under Control (non-perturbative effects ~5% in rate)

A1G R

8
Leff — ‘CQCDXQED(u?d? » Uy ) + \/§ ‘/Z;‘/;bz§107<1u) Q?

Q12
(03,456

Q7

Qs

= gm% S TG

C

<§FZ'C) ((_3F;b>, from -D

o

(EFib)Zq@FQQ),

©

mp - v
ﬁSLO'M bRF,um

T

167 pv

w2

Cz(mb) < 0.07

C7(my) ~ —0.3

Cs(my) ~ —0.15
.

W

bms
- -
N

Known to NNLO

Constrain/discover new physics by determining C7(mj) from inclusive radiative decay




Relative size of various contributions have been studied

l Energetic photon production in charmless decays of the 5-meson
A. Without long-distance charm loops:

(By 25 ~1.6GeV)
1. Hard 2. Conversion 3. Collinear 4. Annlhllatlon
(qq # cc)

Dominant, Well controlled. OzSA / mb —1.5£1.5)% Pert. < 1%, nonp. ~ —0.2%. Exp. 7°, n, 1/, w subtracted.
Lee Neubert Paz 2006] [Kapustin,Ligeti,Politzer, 1995] Perturbatlvely ~ 0.1%.

B. With long-distance charm loops:

E

6. Boosted light cc
state annihilation

(e.g. Tes J/¢a ¢,)

7. Annihilation of c¢ in a heavy (¢s)(gc) state

dﬁ

S

O(A?/m?), ~ +3.1%. Exp. J /1) subtracted (< 1%). O(as(A/M)?) OzSA/M
[Voloshin, 1996], [...], Perturbatively (including hard): ~ +3.6%. M ~ 2m, 2L,
[Buchalla, Isidori, Rey, 1997] o (8), ¢07(8), 0,5 =1,2 c.g. BB~ — DSJ(2457)— D*(2007)0 | ~ 1.2%,

l B[B® — D*(2010)* D*(2007)°K~] ~ 1.2%. |

lifted from Misiak




Three steps in the determination C7(m»):

1. Matching: Choose Ci{M) so that the Fermi effective theory and the SM, renormalized at M ~ Mw

2. Running: Compute anomalous dimension matrices and use RG-equation to compute Ci(m1)

3. Matrix Elements: Perturbative calculation of amplitudes in EFT (renormalized at mp)

A prodigious effort!

.00, EXP. average [HFAG]: (3.54703%) ; SM [NLO; MS]: (3.70 £ 0.30)
(-Status of the SM calculations for B — X~ (Courtesy: M. Misiak) ' - —~a Belle
— -
Matching (10 ~ M, m;): 2003 . BaBar
Cilpo) = Cz‘(o)(MO)+as4(::0)ci(l)(/~¢0) - (QS‘&O))Z CZ-(Q)(MO) 2002 ?.':— Gambino, MisgkéOBuras, Czarnecki, Misiak, Urban
i =1 6: - lglae il [ Bobeth, Misiak, Urban, 2001 S Bell
oo P P NPB 574 (2000) 291] . elle
, [ Steinhauser, Misiak, 2000
i =, e 1-loop 2-loop 3-loop hep-ph/0401041] e
The 3-loop matching has less than 2% effect on BR(B — X,7) higinale - Kagan, Neubert
Mixing: Gaslbe. 1998 — Aleph
. og ( 1ln 20K 05\2 ( 2L 3L as\3 ( 3L 4L Gambino, 1997
ey Yy (E) 0 oL )" (E) 0 3L Schroder, s - Chetyrkin, Misiak, Miinz; Greub, Hurth, Wyler
Czakon Adel, Yao; Ali, Greub
Matrix elements (up ~ my): 1995 e — Cleo
2
(Odm) = (0)Om) -+ 24105 M) () + () (0@ () 1994
1988 . Ciuchini, Franco, Martinelli, Reina, Silverstrini;
R 1-loop 2-loop 3-loop [Bieri, Greub, Steinhauser, Buras, Misiak, Miinz, Pokorski
hep-ph/0302051 | 1992
O(a2n;), Steinhauser, Misiak e
i Selnss tree 1-loop 2-loop
[Greub, Hurth, Asatrian] 1990
- J/ 1989 ° Grinstein, Springer, Wise
2:5:'5(:4’2(;;]?:: Review of Heavy Quark Physics - Theory (page 17)
X 2 3 4 5 s BR[B — X;v]




Status of calculation of matrix elements

I (b N Xgarton,y)

LO

NLO

GFmbOKem

8
VEVL2 S Cu(p)Coil ) Gi (B,
E~>Ej 3274 VisViol i =1 () J<”b) Z]< 0, 4b)

NNLO

7

! Y
{[ﬂ R b m b G77=1, all others vanish

7 7
i,j=1,2,7, 8 dominate [Greub, Hurth, Wyler; Ali, Greub](1996)
bust rest also known [Buras, Czarnecki, Msisak, Urban; Pott] (2002)

only parts of i, j =1, 2, 7, 8 known:

*(G77 determined [Blokland et al; Melnikov, Mitov; Asatrian et al]
*G11, Gizand Go:

o2 particle cuts are [INLOJ?
*3 4 particle cuts vanish at endpoint

e Ongoing progress 1n the rest

*2.3,4 particle cuts in G17 and G27 [Schutzmeier, Czakon, Boughezal]
»2.3,4 particle cuts in (G7g [Asatrian, Ewerth, Ferroglia, Greub, Ossola]



B(B — XSW)E7>1.6 GeV =
CLEO [9.1 fb™] (3.29+0.53)x10™
PRL87,251807(2001)
BaBar [81.5 fb ™Y (3.35 ***)x10™
PRD72,052004(2005) -0.51
BaBar [81.5 fb™] . (3.92+0.57)x10™
PRL98,022002(2007)
BaBar [210 fb'] . (3.91=1.11)x10™
PRD77,051103 (2008)
Belle [5.8 fb] . (3.69+0.95)x10™*
PLB511,151(2001) N
Belle [605 fb]  — (3.37+0.41)x10™
arXiv0804.1580(2008)
HFAG 2008 . (3.52+0.25)x10™

echer Neubert [PRL98,022003(2007)]

(315 + 023) X 10_4, hep-ph/0609232, using the 1S scheme,

following the kin scheme analysis of

(3.26 4 0.24) x 1074, arXiv:0805.0271, but 717, (77, )P

rather than WC(WC)HOOP n P(EO)

NNLO

Misiak et al [PRL98,022002(200

| L L L L |

)]

2 3 4 5
BF(B—X.y) (10%) scaled for EY > 1.6 GeV

Review of Radiative Penguin Measurements — M. Nakao -

Moriond 2009

LEP B ->1tv B ->Dtv K - uv
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tang

Haisch,arXiv:0805.2141



Rare b Decays: b — s/

v
e Requires 1 loop less than radiative 3 m s 2 - S
e NNLO complete . .
. w7
e FB asymmetry zero in B — K ™ // robust [Burdman]
. . . L. - - — - -—
even including non-resonant Kpi [BG, Pirjol] t ‘ t v ‘
e Sensitive to new physics
5 F
i 3.5 1 B
3| Q"= 300 MeV - | f Belle 2009
EC™'= 500 MeV I
25 ECY. 700 MeV
v S — 1T F—t-
A : 2 : p=48GeV ) . - )
“o 0.5 1 15 2 25 3 35 AFB i - \
M2, T e— *

0.3

* - .
dArg qug B — K M '_ﬂ_#.‘-,,;-’ Tension?

1
. (e)
I 0
—0.2 i—-_“d 9 o 9 _1 _ -
eV 0 10 12 14 16 18 20

[Ali,Kramer, Zhu] g (GGV /C )



The end



