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Isospin currently yields a §% measurement of
when we combine pp/pr/mm @ a=89.0° £4.3°
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Are we done? What can be gained from other analyses?



What precisely are we testing when we make
measurements of 3 or 7 with different methods?

e Using CKM unitarity of the standard model we can write:

ASM(B — MlMg) = 51 + Sge_”

where 57 2 are complex, CP even, “hadronic amplitudes”.

e Consider an arbitrary new physics contribution to this channel,

and write:
ANP(B — My M) = Ne'® = Ny + Noe™ 7 <
& Ne = N; + Noet?
Ni 2 are complex and CP even. eg. ImN; = =in(y + 9) Im(N)

sin(7)
e Thus new physics in the decay simply shifts hadronic amplitudes:

31%314—]\71, So — S + No

Measurements test relations between SM amplitudes S; which
may be violated by new physics.



Applied to the Isospin Analysis:

5 amplitude parameters for B — pp

5 amplitude parameters for B — 7w

Definitions:

ABY - 1tn7) = e |\ T — Ac| P
A(BY — 7% = e |\ | C + | AP
V2AB~™ = %77 ) = e 7 |\ | (T + O)

[ Acw| = CKM factors

P, “penguins”, ' T “tree”,

C, “color suppressed tree amplitude”
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Applied to the Isospin Analysis: T 5 o
s --- B— nn/pp/pn (Belle)
5 amplitude parameters for B — pp By — .B,?f‘,“,/p.p,/f.f e
e implies there are small penguins in LT
0,— 0,_— “of T f
B—pp ,Bormmw : i)
and that electroweak penguins are not — eoBeai o N /0
anomalously large  (te0
e does not untangle new physics that so we don’t want

treats 7™ and p differently to stop here!

e can’t see new physics in [ =0 amplitudes

Baek, Botella, London, Silva

Ideally we should test each measurable property of the nonleptonic
amplitudes, and do so channel by channel. All amplitudes would
be “related” by standard model Lagrangian parameters, but...
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In practice relations between SM amplitudes are
LSM

approximate, and are always based on expansions of
e < 1

Observable = 00 + ¢OW) 1 202) +

The role of factorization is to yield new relations between SM

amplitudes, and hence additional tests for new physics.

It is worth testing

More SM _

every prediction from
factorization, taking

Input for new
physics .
N into account the
More precision expected precision.

More tests

(more trust)
of SM results



Expansion
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SU(2) ie. isospin

Heavy Quark Effective Theory

Factorization for
Nonleptonic decays

SU(3) or U-spin

)

Parameter
2
€2 = b~ 0.003
my,
e = \° ~ 0.04
Moy d
— %% 0.02
€ A 0.0
A
c = — ~ 0.1
mp
A 0.2
e = — ~ (.
b
™
e = — ~ 0.3




T 2 Factorization is a Separation of Distance Scales

electroweak-scale

—e TNW
|) Factorization at mb
hard-scale Approaches usually agree on predictions
—e 1Tp that only rely on factorization at this scale
.. (Q
— e My Factorization  2a) Input Parameters
VAE at vVAE 2b) Formal Questions

Keum, Li, Sanda

dynamic scale

— Aqcp
hadronic scale

LS (pPQCD)

—e Tg :
BPRS
(SCET)

Beneke,Buchalla,

Neubert,
mu,d Sachrajda

auer, Pirjol,
Rothstein, LS.
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Factorization at ™M

SCETT

expansion in ag(mp) ~ 0.22

hard-scale

~~

intermediate-scale

et

hadronic-scale

O(ars(my))

matching complete.

treated as
hadronic

parameters
in BPRS approach

Beneke & Jager (tree & penguin)
Jain, Rothstein, |.S. (penguin)
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Factorization at ™My

All the LO terms are factorized into
two types of form factors
B ™

Nonleptonic B — M7 M>

A(B — M M,) = ACE+N{ fad ¢BM / duTse (ufd™2 (W)t far, / dudzTs 5 (u, ¢ (2)™2 (u)y-(1 2)}

hard form  twist-2

: soft form twist-2
| no en.d.pomt £ ctor distn. factor distn.
singularities here
B — pseudoscalar: fi, fo, fr
Form Factors 2 7 P2 v oa e Same form factors
at large E
F(B) = [az 7. o EPM(2 ) B — iy,
B— K*(T(,

+ C(EE(E) B—py, ..
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) Nonleptonic data and 3, ~, can be used to extract

Tree amplitudes (a” approaches)
Tree amplitudes + Factorization yield form factors

3.8 x 1073
B—am:  f(0)=(0.19 001 + 0@( ol )

B— pp - A (0) = (0.31 +0.02]  + o.oes\thy) (3'8“0_3)

exXp |Vub|

Agrees with Semileptonics:

ENAL () :@:@ — Al =0.30 £0.03

(2008 Fermilab/MILC lattice (2005 Ball and Zwicky,
+dispersion fit to expt. spectrum) Light Cone Sum Rules)

The simplest prediction from factorization works.

12



(LO, all approaches)

| |) small strong phase between Im( C ) N O(a (my) A )
| d and litud T i "B
color suppressed and tree amplitudes

B — 7w Can use this to do isospin analysis without C o0
here we fit 4 amplitude parameters, Br(’z°) fits fine

Bauer et.al.
(expt. and theory errors) (2008 update)
there is a 2nd solution: Voma = 277073 Tu5
exp thy
agrees CKMfit. o44.2° Agreement here further
Tglobal T 67.8" 23790 (2009) constrains e ins &
at 1-o W. penguins
: UTAt. o o bounds imaginary
with Yglobal = 00.67  3.37 (2008)) .\ hom top/up penguins
but caution: C ¥ =0.54+0.3 CoHPe™e = —0.43 £0.25

if instead of fitting we use hadronic inputs, then Br(7w%7") is several o low
which is the situation for default parameters in BBNS and pQCD

analog: /5 — 0p NPP = 77.50415.84

le'O| laroe errors
exp 2 thy &

13



t-

Intermediate scale p;

Factorization at vEA SCETII

used for trees and penguins
in BBNS & pQCD approaches

hard-scale

~~

intermediate-scale

hadronic-scale treated as
hadronic
parameters
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Factorization at v E is factorization of form factors

. . Beneke, Feldmann; Bauer, Pirjol, I.S.
expansion in ag(v/mpA) ~ 0.35 | |
Becher, Hill, Lange, Neubert

BM () foB/dx/ Akt J (2,2, kY, E)onr (2)65 (k)

sign expectations can be
used to remove discrete

tree (B _ /dz EBM () = dman, (ug) TESM 2 Do R o -0 ambiguities in isospin
level my 3 3 analysis (eg. Buchalla, Safir;
Lunghi et.al.)
CBM =7 has endpoint singularities
-- BBNS: left as a form factor with counting CTM /P ~ a
-- BPRS: left as a form factor, but counting is BM e BM
-- in pQCD use k| dependence to factorize FMICPM ~

without singularities, get
¢(£IZ’, ]CJ_) ‘s Keum, Li, Sanda
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Differences between Phenomenological
Approaches to Applying Factorization



Fit Parameters:

BPRS/ BPRS/
no SCET | SCET
SU(2)[SU(3
expn. (2)]5UG3) +SU(2)|+SU(3)
B — 7w 11 | 7/5 4
, 2 115/13 1
B— Kr| 15 15(6)
B— KK| 11 14/0 | +3(4) | 40

Input Parameters:

BBNS: input model for ¢u(z) ¢p(k™), ¢(BM

(use eg. light-cone sum rules for gegenbauer moments)

KI.S: model wavefunctions

when pert. corrections are included, BPRS models shapes

17



Charm Loops

charm loops _@m

BBNS perturbative

charm is relatively heavy and may be more
sensitive to nonperturbative effects

KLS perturbative
BPRS nonperturbative fit
parameters, may have
large strong phases Recent work:
as INn: Ciuchini et al Beneke et.al. 0902.4446

(charming penguin),

Colangelo et al argue that duality violation in

B — X 01/

does not apply for nonleptonics.

(Smearing argument assumes factorization.)

18



Endpoint Singularities | eg. annihilation

singular
2) n b) ) d) . i/ Tz — 0
soft
y 0 jZ
1 . . k
pQCD. mgf — k% 0 singularity regulated by K7

1
BBNS:  Introduce hadronic parameters / dr/x — X4
0

X4 =14 pae’®)In(mpg/500 MeV)

SCET:

The annihilation singularity has to do with a potential double counting

Arnesen et.al.

Same QCD topology appears twice.

19



In SCET a rapidity cutoft is needed to distinguish these two terms
(and zero bin subtractions)

n-collinear

n-collinear

soft soft - Z
soft
) S Tz — 0
\
soft 00¢ soft .
hard n-collinear he. n-collinear
This hard scattering term This soft rescattering term
‘s real. is complex. conclude:
Naive A A 1O
: ~ g (mp) — ~ Oz? (\/ mA) —  Annihilation
counting; mp m .
b is real”

Proper: the two graphs are factored at a high scale where all alphas’
are equal. To determine the dominance one needs an RGE (which
has not been derived for these rapidity cutoff amplitudes).

20



Comparison Summary

BPRS

BBNS

KLS

Expansion in

0 (1)? No Yes Yes

T Pif Slngular N/A New uses ki

convolution parameters

Annihilation Real at “LO 3 Complex, perturbative,

complex “NLO”|new parameters| large phases
Charm Loop? Non- . Perturbative | Perturbative
perturbative

Number of fit

parameters

Most

Middle

N/A

21



A few Applications



Counting parameters VP, VV modes
BPRS/  BPRS/

no SCET | SCET
2
expn. [P0 D PUB) sy £50(3)
B — 7w 11 | 7/5 4
, —15/13
B — K 15 11 -|-5(6)
B— KK| 11 | 11 |+4/0]| +3(4)

Wang, Wang, Yang, Lu

PP, PV with isosinglets (arXiv:0801.3123)
i, Ky’ -
,07T7W7T,K*K,,077,--- e

Global Fit (2 solutions)

Comparison with pQCD and QCDF

23



Branching Ratios

This work 1 This work 2 2-_- Wang et°a|°

Channel Exp. QCDF PQCD
B~ —p7’ 10.97575 | 140753753706 07 6-9 88701 10 10T 0%
B~ — p'n~ 87119 | 11.9%E5H50T3 0 104755 £ 2.1 10.8707549 79500108
BT —wr” 69405 | 88753755 0505 113555 + 1.4 6.7503 0.6 8603 0%
B — KK~ <11 ]0.307005 0110 0.09 0,19 0.3175 05 0487950 008 | 0517515750
B™ — K K" 0.3070 707 015" 0.07 - 0.17 1.837047 0.54705 008 | 0515517 007
B~ — ¢m~ < 0.24 ~ 0.005 ~ 0.003 0.003

gz : Z+:+ } 24.0 + 2.5| 36.5718:2110-3+2.043.9 18-45 13.1106+12 | 158105416
B°/B® — ptn~ 24-34 12,5197 16.071:571%
B°/B® — p " 24-34 13.87 13713 177037008
B —ptr=® 89425 | 154757 5.750503 6.7701 07
B —p wt® |13.9£2.7| 20127 T i 74303708 10175370
B" — pn" L8LG5 | 0455500 00 0.07-0.11 26507 073 AR AR S
B® — wr’ < 1.2 10.01%55075.06 .00 0.00 0.10-0.28 0.003755060-000 | 0-025 75504 0002
B” — KK" 0-26 5577 0.09 .08 0.1 0457035 007 | 0477514 503
B" — KK" <19 ]0.2977 00 017 0l07 017 0.51%5 30 008 | 0487076 006
i B gg ! ~1.96 0.06 7034018 | () g5+0.20+0.14
B°/B% — K™K° 0.9675:57705 | 09570557015
B°/B” — K™K" 0.967957 015 | 0.957055755
B — ¢n® < 0.28 ~ 0.002 0.002 0.001
B~ —pn 544121 94%52 S ETIIT0T 85550 07 0atos’ 3.957 704 3.051550%
B~ —pn 91755 | 63755750505%05 8755 00 07 0 0371055 000y | 0367535 003
B" — pn <15 10.03%0077516 010,05 [0-024 707007 0002 0,005 0008 | 0-03T0'050%0 | 0177576 0%
B — pn <13 10.01%505 5 06 .00 -0.01 [0-061 707015 0003 0,003 0.000 | 0-377571 005 | 13770
B — wn <19 10315515700 00 0 1 0.27%5 10 0.98%0%1 010 | 13%0%6 00
B® — wiy <22 10.205505 003 0 10 011 0.07525.033 02050705 50s | 315515503
B® — ¢n < 0.6 ~ 0.001 0.0063 5 0016 0.0004 0.0008
B° — ¢n' <05 ~ 0.001 0.007373 5026 0.0001 0.0007

24



Branching Ratios

QCDF

PQCD

This work 1

Channel Exp. This work 2
BT = K 69423 | 33THTESST | 483y (41732088 [65T1 00T
B~ — K% 10.74+08 | 3.6 053 15515507 | 6.0078 8555010 199755 1]
B 0K | 425105 | 267030008 | stk | 663TLS | At iErY
BT —p K| 8071 [ 5SIRSIIEGE | 8T | 95T 10,0780t
B~ —wK™ | 6.7+£05 | 3.5 1 0F3 84T 1 10.671%" | 51725702 | 5.972140-8
B~ — ¢K~ [8.30£0.65| 4.5T05H18F 104118 1 7 gH08.9 1 g 7Ha 918 | g 5F3.241.2
BY— KO | 00yt [oriIERTRATS | 2003 [ 467N | st lis
B — K* w98+ 1.1 | 3351715155085 0% | 6.0058 |83F3311% | 95053117
B? — p°K" | 54170 | 461035007 0 | 48555 | 35505 06 | 5.811) tgi
B = p K| 15T [TATAAAONT | sty | ostienT 02l
B - wK? | 5,006 | 2350335 00t 0s | 98500 [ 41150108 49+19+gg
A S R R I O R
B — K* 19 |19.34+1.6|10.87; 975 7157192192 137025 117.972273-2118.615 2755
B~ — K™ 7n'| 4977, | 5159075550755 [6-38£0.26] 4.475570% | 41755706
B° — K*'n [ 15.9 £ 1.0 |10.751 01501511921 22.317035 [16.6720752116.5%7 37573
BY — KO | 38412 | 397041888102 | 3350020 | 41081009 | 35788000

Wang et.al.
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Branching Ratios

Channel Exp. QCDF PQCD | This work 1|This work 2
B™ — K* 7% 69423 | 3.3 0Footoeria | 43750 415208 1 6.5 18 00
B~ — K77 10.7£0.8 | 3.67 g3 15 15107 | 6.055% |85 56 1] | 9.975 551
B~ — p"K~ | 4257035 | 26509000 06 s | 5100 | 6.6050 00 | 4750510
B~ —p K| 8057 | 58506 s st s | 87155 | 9.355700) |10.0555753
B™ —wK™ | 6.7£0.5 | 3550380040 | 10.675%* | 5130100 | 59773105
B~ — ¢K~ |8.3040.65| 4.5195+1.8+1 ?tléfi, 78708 9.7 5018 | 8.5
B0 — K0n0 | 005y [0 [ 20052 [ 46380 [aetiiig
B — K* 7| 98+1.1 | 337171340 ;ﬁg 6.0Y58 | 8375315 | 9553247

B RO | 54703 | 46T | a8t} |a5TOGT | sstiins
BY — ptK | 15340 | Tatt TNt | ssty | ostiatT 020830
B - wK® | 5.0+£0.6 | 2.3%5 ;Z;+§ SioatTs | 9.8%%8 | 410G | 4.9 8108

P ook | 83t |AUBIRINSNG | ey oatiin] | sotiing
B~ — K*"n|19.3+£1.6 [10.8F 123 1151192 | 22.1315:28 |17 9t§§ 5o |18.6758558
B™ — K"/ | 4971y | 51700753 50T5E |6.38£0.26] 44753708 | 4175 g+gg
B — K*'n | 15,94 1.0 [10.75 10 551150182 22.3110 55 |16.672 0752 |16.57 15750
B - K*9 | 3.8+1.2 | 3.9704+55H18+62 1 3351029 1 4 1761409 | 3.8+2-8+0.6

Wang et.al.
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CP Asymmetries

Channel Exp. QCDF PQCD This work 1 This work 2
B-—pn® [ 2En | —a0tEERSSANTS | 020 | ssHISSE | saltii%
BT fn | -THE | Aty | 200 | 57t | —satiisied
Boowns | -4k6 | CLSHININTRL | ~0 | Ss0tEERS | sstiRiid
BT — KK ~235HITAIEEE 204540 —08TIEN | 0Tt
B — KK 1B | g | gt | g
B~ ptr [-53=30 06533801 —8.6TITATRS | —1L0T TS
B —pat | —1548| —L5Tireaess 261134503 | 09718970
BY— P |-30238| 15 THERNLONS | 750 | 5iSRSE | 0.7iEiEnes
BY — wr® —20-75 | —58.4T 021 79 gH 1o 44T
B — KK 26, 7RO 08755000 | —0ariines
B’ — KK QAR Fasa oy LR | 1t
B™ —p™n | 1416 | 24757 000 00 | 18005 | —1LTE s | 915070
B-—pl | —4d28| 4UHETNOITO | agitort | 1507639488 | 667500000,
B~ o' 18R, [0 A | —as 2 AT
B — o U APl B il IS T a4 o
B — wr —33ATIQOTERSHOHAS | 60.1 15 | 1610 2TEE | 9571880
B — wrf 02 RENIEHRY | 139 |55t | 35608 ED

Wang et.al.
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CP Asymmetries

Channel Exp. QCDF PQCD This work 1 | This work 2
BT K| 4x29 | STRIGIRTNL | s2th | 40rRIElLtiid
B- — K*n7| —85+5.7 L6505 05 04 10 —17%5 0 0
Br— K| mlh | et Te | nrl | soiieg | s
B-—p K| —12+17 03591 04 0TS 141 0 0
B™ —wK"~ 2+5 ~7.87 30 36 1o 3800 32007 11010505 0 | 111575000
B~ — ¢K~ 34+4.4 161030 etoota0 119 0 0
B? — K*n" —128%55 00 0N |~y | LIgRTon | 04T
B - K*omt| o514 | 20%0EEIEIGS | 60t |-2501s| Lot
BY — p"K® |=24£274£846| 750 (T50T0IET T |59 s | —310eT0s
BoptkT | mam | SasTIENEE | el | 60tineg | sTriine

B wRO | 21210 | sUEPECITS | -8 | artites | aatii
B gRY | a1 | LTARSREL | an 0 0
BT Kn| 246 | 357037400R A | 2457T0% | 0973870 [ 467103
BT K| 307 | uaotiTrRSR AT | ac0tlly | 26730000 |0t
B® — K% 19+5 3.8100FL1H02438 1 574 0.011 | —0.4F23+0.0 | _q gFL1+01
B® — KOy —8+ 25 —5.57 103 IH1846.2 | 30+ 0.08]10.278, 713, | —9.8745+0.9

Wang et.al.
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B, Decays

Branching Ratios

Modes QCDF PQCD This work 1 This work 2
BY— KPR | annITSSn [ eoitianng | ossmiing [ oesidii
B KUK | sstiinensiz | gpapieses | oggeent | o3
B KORD | SOIMANANGL | ranEning | orening | eatging
BY = KR | a2tfingniitl | astRIANR | sTANS | estiitd

BY/BY — KtK*~ 17.378:5%32 18. 8+5 ;ﬁgg
BY/BY — K*TK~ 18.878-8+52 20.8753+27
Bg — K*TK~ } 18.116-3+3.3 19.81+4-:9+2.6
BS KK —5.0—2.7 0—4.2-2.2
BY/Bl — KK 166551752 | 18601
BY/B? — KK’ 166761132 | 186049128
Bg — K*K" } 16. 6+6 143.2 18.614-9+2:6
BSHK*OKO 4.8—2.7 Y—4.1-2.2
B~ 9 | 0127RRi0aitett  |oastdiRti | 007i0ReR | 0.0905R000)
B—nK** 8752 9 00 0 76155 05505 | 5850303 6.8%01 107
Bo—n'K™ | 025HRS G0N |0.07 000t | 0.00 0T IO | 0997 S8
BY—p K 2SI | TSI | Tt | 10175
BO—pPKO | 06I0RIORIERIO 008 IRRINEI0N | 21503503 | 070r3rye
B~ K% | OSUDANGINSEISE a1t sieie ) oot Bel | st
B~ K% | 02TRRIMINTGN 016 000G | 04atRRIGE | 054003500
BY— 'y | OATR@RGISRIG  [006I0RINNG | 00sIi8NE | 0.0650550%
BY— o' | 025TRRIRORI0R 018 ThRhar O l0.003 08I0 | 0050 RN
BY—wn (001240000 BRI G GAZ [0.00 40T 005000 | 0,04 00000 (0,007 R0 00
BY ' |0024X3R SRRISOTI R 044 010 0.002 AR RANR | 022783055
Be—ogn | OAZGBRUTEUNRT | S6TIINENS | 040tyiRR | 12093703
B —on' | 005MGEURICGIGA  |oaothareinten | TrtIats | 42tiRepT
BY— K | 026 LI RRTOEIT Joar iRt 1t | ossthie
B~ Ko | 028'0RRAtORG  |oootgibaient | 066103 0Y | 077i0Re

Wang et.al.
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b — cés vs. b— qqgs Theory Uncertainty

f . (from factorization)
sin(2B") = sin(207 ) %
H i

PRELIMINARY R | Buchalla,Hiller Zupan,
[b—5ces... World Average . P 067002 cheKe . 11
ST BaBAr P 026 H 0226 £ 003 Nir, Raz Williamson
. homo i : . 0.67 535
ge . : ‘ 0.44 "y'4g
c>x """" g'a'ﬁ;é'r'"'f """"""""""" L +0.08£0.02
elle : ; 4+ : +0.10 £ 0.04
| F o Average: . S < i 089007 +0.01 1 .().02
® Baﬁar : E . 0.90 TEl:l-'lj 4’HEI-% _|_0-02_0 01 —I_ *
< ASe?age‘ E ) : : ().3(&8':732:_:8.?875 . +0.01
: : - i J4 V. .01 .
"'6"">Zm"BéBé'r""; """"""""""" T et B5+0.20£0.03" —|—001t8 81 —I—OO]._O 02 —001 :l: 002
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o Constructive interference of penguins give a large Br(B — n'K")
(to agree with data), and simultaneously a small uncertainty above

® Determination of hadronic parameters dominates factorization uncertainties
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What does a Penguin Amplitude look like if

we try to compute it?

Beneke, Jager; Jain et.al.

theory:  as = ay(m) & o

~ Qg(M C ’ ag\m C /
P~ (0374+ ( b7)T 1,2,89)<BM¢M +<0374+ ( b7)T 1,2,89> BMgM

Ciuchini et al,

+ C1 5 as(2me v ABMM Non.Pert. Charm Penguin - olangelo et al
as(mb)01,2,89 UM .BM M, MM’ .BM M’ as(mb)01,2,89 UM -BM M’
—|_<C5,6+ T ) |: my C ¢pp - my, CJ ¢pp i| + (0374+ T ) mp CX ¢
g\ / / :
+ 2 (0 46V oM+ o fooh® 6™ ) Chiral Enh.
s (M) par - ar g terms  BBNS
+C5,6 2 fB¢pp¢ y A ~ 7!
m, P+ x| o~ i (2842150 )
C3_10 3mpg
\ Arnesen et al. r
singular DR
g4 Annihilation
dx PP ()
— =7 terms dx i )~6
£T —
0 L Keum, Li,
Sanda

_|_Pnew—physics
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Jain et.al. (BPRYS)

31
PO x10* PX x10* Pann 104 protal 10 PIP x10* | POPIx10* | PrPtx10?
(v =59°) (v="74°) | (y=59°-74°)

B | (810£063) (10.24£2.9) |—1.31+5.08| (16.9+5.9) (18+9) (44+6)

+i(1.61£0.21) | +4(1.1040.39) +i(2.71 £0.45)| —i(2946) | —i(29+6)
B k| (9:3431.00) (13.8+3.9) | 0.46+£8.03 | (23.6+9.0) +(48 + 4 + 10)

+i(2.08 £ 0.25)| +i(1.49 + 0.57) +i(3.57 £ 0.62) —i(22 47+ 4)
B - op 224137 — 0.8710:5% 23.3757 —(294+26) | (38+23)

+45.687285 — 44 5.6812:22 —i(8+18)| —i(8 £ 18)

phase
: . , relative to
All terms directly related to Trees have SMALL imaginary parts MM
1 2

Possible Imaginary contributions:

® new physics without long-distance penguins!?
very unlikely. A large imaginary part requires that the new physics

have a large strong phase (Ve < (V)| | Ne ' = Ny + Npe?

Sin 7y

® complex annihilation

® complex charm penguins
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Beneke & Jager (BBNS): imaginary part is from
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In all approaches, the terms used to bring the penguins into
agreement with data depend on model parameters AND are
the least well understood / agreed upon:

Charm Penguins or Annihilation
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Br are reproduced IF penguin is reproduced

Within Factorization there is an interesting correlation in the CP-
asymmetries: (any of: BBNS or KLS or BPRS or Williamson et.al.)

LO: Ag+.0 < Apt. - HFAG’08

~ 1.5 — 2.50 deviation Ag+r- = —0.098 £ 0.012

dronic parammeters and pover cort) Ao = 0050 0.025
The “usual largest” power corrections (chiral enhanced annihilation,
chiral enhanced amplitudes, charming penguins) do not explain this,
since they contribute equally to both amplitudes.

Ciuchini, Franco, Martinelli, Pierini, Silvestrini (arXiv: 0811.0341)

Power correction scan. Significant corrections to color suppressed
amplitudes yield results compatible with the data.
Li and Mishima (arXiv: 0901.1272)
violations of kT factorization due to soft divergence can give a phase to color
suppressed amplitude for pions, yielding a dynamical mechanism to explain
the data (also is a power corr. in collinear fact). Simultaneously this improves

the agreement for Br(7%7%), Br(n°p%), and Sy, k.
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Path to finding New Physics in the presence of
Hadronic Parameters/Expansions (best we can do?)

I) use as much form factor information from semileptonic decays
as possible (synergy is like B — X,y with B — X,ev )

eg.
Lattice analysis of form factors (with fit to future B — 7wfv
spectra) can distinguish between

BBNS: ¢&™/¢PY ~a, BPRS:  ¢7Y/¢"" ~1

using
f+(0) dg?

shape parameter Hill

dfo

2
dqq

) =g (10, 3)

q2:O J
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Path to finding New Physics in the presence of
Hadronic Parameters/Expansions (best we can do?)

I) use as much form factor information from semileptonic decays
as possibi.e (synergy is like B Xy with B — X, ev )

I1) use global fits which combine Factorization and SU(3) to look
for interesting channels with large deviations

ITI) use Factorization and SU(2) for individual channels, to obtain
more precise predictions (at the expense of additional fit parameters)

IV) use SU(3) fits as a cross-check on the hadronic uncertainties

(supplementing IT and 11

D

V) include THEORY uncertainty when discussing any deviations
(power corrections, model parameters, etc.)

VD build a new-physics moc

el that correlates and explains the

deviations in several channels

The End
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