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B decas - Motivation

¥ Heavy Stable Hadms == |ots of dec&s
¥ Probe the [3&or sector of the SMCKM matrix

¥ Look for new physics: P

redundant measements, , ,
precision measmments,b_{i%‘s B! X!

rare decgs

¥ Measue fundamental hadnic )
parameters & learn aboCD & §
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T A Model Independent Expansions
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1l = CKM,

Heary Quark E#ctive Theory

¥ Eir ! 1 oco Soft Collinear Eéictive Theory
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(or Rts)
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Rigor of SCET & Factorization

B — M1 M>
A= dzdxidk™ T(2) J(z, 21, k") ¢1(w1) do(w2) s (K7 ) + ...
Q> EI 1t 12

¥ same leel of rigpr as HQET pedictions

¥ theory is tested ly processes other than charmless dgga
egs.

¥ SCET has knen QCD factorization theoems as special cases

egs.Drell-Yan (Collins-Sopesterman),event shaes in jet poduction

size of the expansion parameter Is crucial:
how suppessed a@ power corrections?
what Is the uncetainty?
how much should e trust the predictions?
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Expansion

¥ My, Mg I Mp
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Heary Quark E#ctive Theory

Soft Collinear Efctive Theory
for Nonleptonic decgs
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We should distinguish:

dynamicalesults:  factorization obrmula
SU(3) elations

model independentasults:

a prediction at adebniteorder in the paver counting whee all
hadionic parameters a determined l other data

dynamical gproximations:

keeping ont a subset of the pwer corrections

use modelsdr hadmonic parameters rather than data
In SU(3) angkisdrop some amplitudes & not others



B! MM,

¥ LO factorization theoem has been dered which
applies toOteeO an@®penguinO amplitudes

¥ Sizeable charm penguinwer corrections

|
¥ LargeAnnihilation? C;—

Mp
¥ 1/2° endpoint singularities

Clohi(x),  dx _,
dx X2 I 7 —
0 0

¥ LargeOChiral EnhancedO
power corrections

BBNS; Chay, Kim;

BaueyPirjol,Rothstein Stevart
(BPRS)

Ciuchini et al,
Colangelo et al

Keum,Li,Sanda,
Lu et al.

Brodsky et al

BBNS



Start with QCD & Hweak
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Factorization atno

SCET,

expansion in ag(Myp) ! 0.22

hard-scale

<

Intermediate-scale

9

hadionic-scale

treated as
hadionic
parameters



Factorization ato

All the terms ae factorized into @

two types of brm factors @ @

Nonleptonic B! MiM;

A(B — MiMy) = ALN fyuptBMey duTy (U M2 (u)fy, dudzTo (u, 20 M (@2 M2 (u)4-(1 < 2)

soft form twist-2 hard form twist-2
factor distn. factor distn.

no endpoint singularities her

B ! pseuwoscahr: f., fo,f
Form Factors 5| Pse VoA A Samedrm factors
at large E
f(E)= dzT(z,EI5M(z,E) B! s,
B —K*I*I~

+ C(E) I1BM(E) B —1!" .



Matching coefpcientseanow known to O(as)

A(B — MiMjy) = ANy, ! BMe dam () M2 (u)+fy, dudziz; (u,2) 5Me(2)" M2 (u)4-(1 < 2)

BBNS ; Benele & Jager (&ge)
Chay, Kim Benele & Jager (penguin)
JainRothstein].S(penguinunpubl.)

a) ds b) i i . c) d,s
q
q f) dsl rQQjQQJ
g) d.s v h) ds G ) d,s
b

5y K d. .
j) dsli | Sé }q ) dsl ﬁf

q+

m) dsl | n) ds! i \, 1, %

“¢

Qi
Nel
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A(B — MiMy) = A®LN ! BMe duTy (u)"M2(u)+fy, dudzTo;(u,2)! 2M(2)" M2 (Uu)4+(1 < 2)

Factorization at 1 IS factorization ofdrm factors
expansion in as( mp! )" 0.3E Benele, Feldmann
BaueyPirjol,l.S.
B BecherHill, LangeNeubert
1BM(z2) = fufs  dx dk*J(z,%x, k", E)"m (x)" s (k")
0 0
! I 1n
tree |BM_ dZ|BM(Z)_4#( ) Bf 1l!|v| Ik+ !; > 0
level ’ my 3 3

|BM = 2 has endpoint singularities- typicaly left as adrm factor, but ...

rapidity
Rapidity Factorization "0$bin#  wanohare 1.5 / parametr

|BM — #S(“')Z/dx /dk I (i, k1) $hy (il ) Bk (KL !)




&pQCD apprOaCh Keum, Li, Sanda

|1BM — < use k, dependence
to remove singularity

instead of form facor get:  @(X, ki ) Is

Based on Collins "hep$ph/0304122#] suspect that the
de%nition of these functions also requires a rapidity regubat

L (X, k,")



Debnitions:

(_O — 7t ) =e " IAul T — || P

AB? = 7% =e " [A|C + | X|P
7 ) =€ T AT +C)

! cul = CKM factors , take 3 known



Model Independent Results

1) smal strong phase between Im % O 1. (my), EA
color suppressed and tree amplitudes
B!l 77 Can use this b do isospin analsis without C| oy o
| | Bauer et al
M= 7390 A D) "expt. and theoy errors#
" exp ~ thy
+ + '
there is a 2nd solution: | S = 27.7 7% 9' xS
exp thy
B — Il same analsis applies
| |
| = 773 +7 6I +14gl an = 52. 8°+32 | 16421! (overlaps)
exp thy exp thy

CKMbt. _ | +9 .2°
1-! from Tglobal  ~ °9 . 3.7°

| oba = 64.6° £4.2°




Model Independent Results

2) Relations betwenOT@CO andifim factors

nonleptonic

. A(Cy+ Cy)tl' 1 3C,! C
* Vul®™ = o [(Cl+ Ca)te ! Gt 2] [1+ O("s(my), = ]
| ! 4(C1—|-C2) +3C1+Cy i | ¥
¥ Mol = C21 C32 X! 14, TO as(mo). &
64 Br(B' —101t) 12 - ; ;
MO "o Ve PG S T A
_ Br(B' —!*t1')'p 1+ By cos2#+ S, -sin2#) VP
Br(B' — 101" )"go 4sin’$ B |T!! + Ci |
semileptonic
_ (B! B! |
+ £.(0)= (' + )1+ O(asms), =)
¢ 11 g0 (M8 m!2)<d+ . do ): 2’3 1+ 0(1 o(mp) '_)]
f+(O) dqz q2:0 qu q2:0 ||JB! + npBl E

shae parameterHill



Nonleptonic data ges:

- } . 38! 10 37
f+(0)= 0.19+ 0.01 oxp T 0.05 thy Vool
Tl |
te = T .‘ J'r'(|:” | = 0.55+ 0.04 large color suppessed amplitude
139! 10'° 39! 10 °

| 57 = (0.09 & 0.02 %' = (0.12+ 0.01
( \) Vb S ( ) [Vup|
expt. only form factors of similar size | 1 ]

Semileptonic data (with dispersion bt & latticeegiv

f PR (0) =0.22+0.03

F=1— m‘j‘;:m???' (il:; e % qa_u) — 04 +0.6+01+04, Becher & Hill




Phenomenologic&nalyses (Dynamicalp@rox.)

I) BBNS in ! S(Q) & !s(. E—l) count !?M | " 1BM
from elsavhere input 'w (x),'s (k") 5™ (eglight-cone sum rules

iInclude peturbative charm & cetain power corrections SCET,,

1) pPQCD (next talk)

111) OCharming penguinskiE! amplitudes,bt penguin with charn
use factorization lile 1) for other terms

) BPRE)SCETO in ! 5(Q) ,but keep all oders in
Dt!BM,!EM B! 1B ls( E!) SCET,

Pt penguins containing charm loop usingyasbspin
treat pawver corrections to non-penguin amplitudes irers

(!s(Q) corrections will equire input)
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Charming penguin:

Onon-factorizableO shot | io N
distance ° ' s(Mp)
long | ALQ' |
. . v!<(2m
distance s(2Mc)

threshold NRQCD egion



Analsis with one-loop catto hard form factor term

(Benele & Jager with 0.15 ———
BBNS aproach) 01|

0.05 |
- . NLO

I : ‘: . : ot
005 @ "

-0.1 1 0%9) (¥4

05 L

o ¢ LO

~0.005 ! | 8 ()

_0.01! NLO

~0.015 | -

o002 . 0000
~0.04 -003 -002  -0.01 0




Ratio Value/Range Value G
P -
— !0 12270633 1 (1.0.02470055)i ! 0.162 + 0.022i
P.. |
=— !0 03675009 + (1 0.00970505)i 1 0.037! 0.009i
P -
— ! 0.0370038 4+ (! 0.00570053)i ! 0.070 + 0.006i
P., |
= 0.04270 653 + (0.0040 030 0.051! 0.024i
G +0.277 10.166 :
T 0363555+ (0.02970:159)] 0.691 + 0.165i
C. |
T 0.19870%% + (1 0.00970552)i  0.344 + 0.042i
C .
T 0.25075:2%9 4 (1 0.01275:32)i  0.467 + 0.071i
Ch) |
T 0.13470199 4+ (1 0.02470433)i  0.283 + 0.138i
T +0.275 +0.058 :
— 0.86970 30> + (0.01457 025)i 0.945! 0.004i



Counting parameters

no SCET | SCET
expn. SU(2) |SUE) + SU(2) |+ SU(3)
B! =nm 11 | 7/5 15/ 13 4 A
B! Krn | 15 11 + 5(6)
B! KK| 11 11 | +4/0| + 3(4) +0

a/ b remove small Og g

L {8 s#E PL Y
: B B Br yBHK B K& B K
KT {# +#J ,$|@#J H# + #J 1$7T#J , Pk 77}’

M—/dx m (X)



Counting parameters

no SCET | SCET
SU(2) |SU(3
expn. (2) (3) + SU(2) [+ SU(3)
B! =nn 11 715 4

15/ 13 4
B! K| 15 | (11) + 5(6)
B1 KW| 11 | 11 |+4/0] +3(4 | +0

_ oty T 'vry o plte)
I — 1 VusVub | Vus Vub | ew
Expand in ! ViVe P "1V, P P

——
0.02




[B | ij Sum Rules

(see also talk p M.Gonau)

¥ Br sum rule:

1 Lipkin,mary authors
R(!' 'K ™) — éR(! KT+ R(! K% = O("?)

Ry~ LB )
C0.094 + 0.073=0(!%)= 0.03+ 0.02 reo! 1Ko
N0 puzzle e Yot tucorization in SCET
¥ Direct-CP sum rule: GronauRosner
Neubert

L (KRPLD) ! %! (KF1h)+ 1 (K*19)) %! (K1) = O("2)

L ~ 2\— A L I( f) = Acp(f)" ag(f)
0.07 +0.080(!?)= 0+ 0.007 o
estimate fom
factorization in SCET
| 12

no puzzle hes yet

sin(" " ")



Counting parameters

no SCET | SCET
SU(2) |SU(3
expn. (2) (3) + SU(2) [+ SU(3)

B! =nm 11 | 7/5
B! Knx | 15 11

15/ 13 4

B! KK| 11 11 |+4/0 +0

no SU(3)!

Br! 10° Acp =" C S

1*1~- | 5,0+ 04 0374010 "050+ 0.12
1019 1145+ 029 0.28+ 0.40

1*10 | 55+ 06 0.01+ 0.06

| "0 | 241+ 1.3 " 0.02+ 0.04

1K~ | 121+ 0.8 0.04+ 0.04

|*K~ | 189+ 0.7 " 0.115+ 0.018

10/ @0 | 115+ 1.0 " 0.02+ 0.13 031+ 0.26
K*K ~{0.06+ 0.12

K°®° [0.96+ 0.25

KWK — | 1.2+ 0.3




The Branchingratios (x10°)

00 ';,. ..................... #':'8'3$ o 0_',',. ..................... #:59$
K10 —4k K10 A
K™ :f ~—— _old-aala, K™ O A
!
ﬁoi_ @*no_fﬁ%D ﬁoi_ =
K" °l & Ko™ %L &
1 0] g | O] &
| T 0 A, +  Theor | T 0 @ +  Theor
| +1 —| A *  Data | +1 - A * Data
. - o 05 o O. . .5. . .10. . .15. - .20. - .25.
TheCPasymmetries TheCPasymmetries
S oot N S ooyt : - ' #:59$
A(1O10Y L —a— . A(1010) L . C . :
A(K=10) L Gal™ #=g3°|  AK1O)r Gall™>
A(K I )‘ e A(K I )- A
AK®10) L A AK10) L ]
(KO O) - | - y ——a— S(KO O)- | ’ y ——A—
AKTTH) L A AKTI ) b ¥
C((! *l —%- — Theor C((! *l —%- —a s+ Theor
SO )b —a ~  Data SEHI)F —a ~  Data
" 05025 0 02505 'o'7'5'”1d 0.75 05 '02’5”0”’02’5”0’5”07’5’”
y

TheBranchingratios (x10°)

K-pi Puzzle: power corrections or nav physics?




Counting parameters

no SCET | SCET
expn. SU(2) |SUE) + SU(2) |+ SU(3)
B! =nm 11 | 7/5 15/ 13 4
B! Krn | 15 11 + 5(6)
B! KK| 11 11 | +4/0| + 3(4)

Extension to isosinglets Williamson & Zupan
mn,nm, Kn's ... +4

(2 solutions)




Predictions
(4 parambpt)

= 59"

Branching Fraction

Direct CPAsymmety

Mode Exp. Theory | Theory 11
B' # "'# 43+ 05(S= 1.3 49+ 1.7+ 1.0+ 05 50+ 1.7+ 1.2+ 0.4
" 0.11+ 0.08 0.05+ 0.19+ 0.21+ 0.05 0.37+ 0.19+ 0.21+ 0.05
B' # "'# 253+ 0.79 (S = 1.5) 24+ 1.2+ 0.2+ 0.4 2.8+ 1.2+ 0.3+ 0.3
0.14+ 0.15 0.21+ 0.12+ 0.10+ 0.14 0.02+ 0.10+ 0.04+ 0.15
B0 # " O0# " 0.88+ 0.54+ 0.06 + 0.42 0.68+ 0.46+ 0.03+ 0.41
0.03+ 0.10+ 0.12+ 0.05 " 0.07+ 0.16+ 0.04+ 0.90
B0 "0y 23+ 0.8+ 0.3+ 2.7 1.3+ 0.5+ 0.1+ 0.3
" " 0.24+ 0.10+ 0.19+ 0.24 "
B0 # ## 0.69+ 0.38+ 0.13+ 0.58 1.0+ 0.4+ 0.3+ 1.4
" 0.09+ 0.24+ 0.21+ 0.04 0.48+ 0.22+ 0.20+ 0.13
B0 # ## 1.0+ 0.5+ 0.1+ 15 22+ 07+ 06+ 54
" " 0.70+ 0.13+ 0.20+ 0.04
BO# ## 0.57+ 0.23+ 0.03+ 0.69 1.2+ 0.4+ 0.3+ 3.7
" 0.60+ 0.11+ 0.22+ 0.29
B0 # KWO# 63.2+ 49 (S = 1.5 63.2+ 247+ 4.2+ 8.1 62.2+ 23.7+ 55+ 7.2
0.07 + 0.10 (S = 1.5) 0.011 + 0.006 + 0.012 + 0.002 " 0.027 + 0.007 + 0.008 = 0.005
B4 KWO# <19 24+ 44+ 0.2+ 0.3 23+ 44+ 0.2+ 05
" 0.21+ 0.20+ 0.04+ 0.03 " 0.18+ 0.22+ 0.06 + 0.04
B' # K'# 69.4+ 2.7 69.5+ 27.0+ 4.3+ 7.7 69.3+ 26.0+ 7.1+ 6.3
0.031+ 0.021 " 0.010 + 0.006 + 0.007 + 0.005 0.007 + 0.005+ 0.002 + 0.009
B' # K'# 25+ 0.3 27+ 48+ 0.4+ 0.3 23+ 45+ 04+ 0.3

" 0.33+ 0.17 (S = 1.4)

0.33+ 0.30+ 0.07+ 0.03

" 033+ 0.39+ 0.10+ 0.04

errors: su3, 1/mb, bt



An anaysis that should be done



Counting parametersVR VV modes

no SCET | SCET
expn. SU(2) |SUE) + SU(2) |+ SU(3)
B! =nm 11 | 7/5 15/ 13 4 A
B! Krn | 15 11 + 5(6)
B! KK| 11 11 | +4/0| + 3(4) +0

counting or: B — K!'I +5 (6) # observable:
B! Kp  +2(6) similar to
B! Kil. +2(6 .
) can mak
B!l I +4,(8) predictions to

g g test factorization
or determine!



Penguinology

AB! MiMp) = TV M2V, Vi + PV 2V Vg

BBNS/QCDF: Benek, &ger
BFPS/SCET din, Rothstein, |.S. "unpub#

How well can we reproduc the experimentaly obsewred
penguin amplitudes?



Penguin Phenomenology

datatisospin: 108 P'' = (#1.82+ 0.86) + i(2.99+ 0.74)
v = 59 103P"" = (" 2.85+ 2.59)" i(0.76+ 1.78)

theory: as! as(mp)

! sCl,Z | 3C1,2

P ! Csat #$+ Cgat 3
+ C1,2! S(ch)V&c@
I n | n
' ' SC ' ! SC
+ Cget+ — = rli:b #Spp+ Cset —, = rl;!b #1 $pp

| l
+ Cs 4iA(1 ann) 4 Cs GiA(lann—glue)
) mb J mb

phase
relative to

$-|-|v| M



Penguin Phenomenology

datatisospin: 108 P'' = (#1.82+ 0.86) + i(2.99+ 0.74)
~ = 59 10°@"" = (" 2.85+ 2.59)" i(0.76+ 1.78)
Using facorization B, = (+51+ 0.4)+ i(2.3% 0.7)

for Trees and! ! data

theory: as! as(my)

1 ,C | 1 C
P 1 Caa+ =% #8+ Caut = #$
+ C]_,Z! S(2mc)VQcﬁ
I n | n
' ' SC ' ! SC
My my

| l
+ C3 4iA(lann) + CS’GiA(lann—gluG)
" My My

phase
relative to

$-|-|v| M



Penguin Phenomenology

datatisospin:  103@'' = (#1.82+ 0.86) + i(2.99+ 0.74) phase
~ = 59 108" = (" 2.85+ 2.50)" (0.76+ 1.78) clatve o
Using facorization [, = (£5.1+ 0.4)+ i(2.3% 0.7) T
for Trees and! ! data '
Beneke, &ger;

theory: as ! as(mp) / Jain, Rothstein, |.S. "unpub#

‘ I : I .C
P | Cgut C12 g4 Caat —22 #;$ LO terms

+C1,2! S(ch)V&c@

| | Coo ! o
- S , M S , L1
+ Cgg+ — = m, #Spp+ Cset+ —, = m, #1 $pp

I l
+ Cs 4iA(lcmn) + C5,6 © S A(lann—glue)
" My My

I L .
+C5,6 Sl’é- AZa,nn—
my

+ ...




Penguin Phenomenology

datatisospin:  103@'' = (#1.82+ 0.86) + i(2.99+ 0.74) phase
v = 59 10°P"" = (" 2.85¢ 259)" i(0.76 1.78) clatve o
. TY1 V2
Using facorization B, = (+5.1+ 0.4)+ i(2.3% 0.7) $
for Trees and! ! data '
Beneke, &ger;
theory: as! as(mo) / Jain, Rothstein, 1.S. "unpub#
: I : I .C
P | C3,4+ C1,2 #P+ C3,4+ - 12 #; $ LO terms
+Cy! ,(2m VA, Non.Pert. Charm Penguin géﬁ‘;:ﬁggéte?'a
! e ! ! e !
=S : M =S : M
+ Cgg+ — = m, #Spp+ Cset+ —, = m, #1 $pp

| I
+ C3 4iA(1ann) + C5,6 * S A(lann—glue)
- my my,

! oy "
+C56 S -AZa,nn—
) mg
+ ...




Penguin Phenomenology

datatisospin: 103@'' = (#1.82+ 0.86) + i(2.99+ 0.74) phase
v = 59 10" = (" 2.85+ 2.59)" i(0.76+ 1.78) clatve 1
Using facorization |:6)K = (51 04)+ 1(2.3% 0.7) T
for Trees and! ! data '
Beneke, &ger;
theory: as! as(m) / Jain, Rothstein, |.S. "unpub#
- I . I
P | C3,4+ - SCl’z #$+ C3,4+ . 8?1’2 #J$ LO terms
+Cypo! J(2m)VA,, N on.Pert. Charm Penguin ggﬁgﬁgglgt;t"él
! | ! | ! | ) | .
+ C5,6 4 3?1,2 M #$pp+ C5,6 4 3?1,2 M #J$ Ch”"al Enh

pp
My my terms BBNS

| |
+ C3 4iA(1ann) + C5,6 - s A(lann—glue)
T my my

! oy "
+C56 S -A2ann—
) mg
+ ...




Penguin Phenomenology

datatisospin:  103@'' = (#1.82+ 0.86) + i(2.99+ 0.74) phase
~ = 59 103" = (" 2.85+ 2.59)" i(0.76 + 1.78) clatve 1
. TY1 V2
Using facbrization B, = (+5.1+ 0.4)+ i(2.3% 0.7) $
for Trees and! ! data '
| Benek_e, Jger;
theory: as ! as(mp) / Jain, Rothstein, |.S. "unpub#
: 1 .C : 1 .C
P | C3,4+ 1,2 #P+ C3,4+ - 12 #; $ LO terms
. . iuchini et al
+Cy! ,(2m VA, Non.Pert. Charm Penguin gcl)lgnggéte?él
l " | "
' | SC | . ! SC ! .
+ Coet+ 222 Myg oo o2 My o o Chiral Enn.
my My terms BBNS
+Ca gt A0 4 oy o5 A(ann—gluo Annihilation  oum Li
!mbpl , My terms Sanda
+Cs ¢ mg Acenn=



Penguin Phenomenology

datatisospin: 103 @'' = (#1.82+ 0.86) + i(2.99+ 0.74) phase
v = 59 10" = (" 2.85+ 2.59)" i(0.76+ 1.78) clatve 1
: L. . TV ™2
Using facorization P, = (£5.1+ 0.4)+ 1(2.3% 0.7) $
for Trees and! ! data '
| Benek_e, Jger,
theory: as ! as(mp) / Jain, Rothstein, I.S. "unpub#
: 1 .C : 1 .C
P | C3,4+ 1,2 #P+ C3,4+ - 12 #; $ LO terms
+Cypo! J(2m)VA,, N on.Pert. Charm Penguin géﬁ’iﬁglﬁte?'a
I " | n
' 1 ,C | ' 1 ,C ! '
+ Coet+ 222 Myg oo o2 My o o Chiral Enn.
My My terms BBNS
I o .
+C3,4!—SA(1CL”’”> + Cs g — Altann—glue) Annihilation . |
|mbu, o \ terms sanda
+C5,6. S 2- AZa,nn—
my Arnesen et al.
+ ... N o
singular
oax )

o X



Penguin Phenomenology

datatisospin: 103@'' = (#1.82+ 0.86) + i(2.99+ 0.74) phase
v = 59 10" = (" 2.85+ 2.59)" i(0.76+ 1.78) clatve 1
: L. . TV ™2
Using facorization P, = (£5.1+ 0.4)+ 1(2.3% 0.7) $
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Penguin Phenomenology
data+isospin: 103 P'' = (#1.82+ 0.86) + i(2.99+ 0.74)

~ Large
Using facorization [, = (+5.1+ 0.4)+ i(2.3+ 0.7) 'm. par
for Trees and! ! %t |
theory: as! as(my) D, ~—-1.1-0.2
: | scl 2 : | 3C1 2 /
P | C374+ — #$+ C3’4+ — #;'$
+C1,2! s(zmc)v'&?aﬁ
| " | "
' 1 sC12 M ' 1 sC12 M
+ + ! + + ’ # .
C5,6 " mb #$pp C5,6 " mb J$pp \ |:®| | | n 2
| |
+C iA(lann) +C * S A(lann—glue)
3,4mb 5,6mb
|
. Su! 2ann—"
+C A
5.6 mg
... All terms which are omputed here hae

| pnew! physics SMALL imaginary pains



Benele & Jger:
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Imaginary part is from annihilation
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The terms used o bring theory In agreement
with data depend on model parameirsAND
are the leat well understood:

Charm Penguins or Annihilation

Can we rule out one "or both??# of these soag?



DoesAnnihilation produce the Imaginary term?

a) A b) C) d) X
R R
y

n —

y

\Singular BRI

w! O o X

The 0$bin teaches us that this singularity fsto do with a double ©ounting

n¥ollinear

n$ollinea

(/
(/

soft soft 7
soft
w! (
soft | soft
hard n$ollinear n$ollinear

n$h.c.



SCET Rapidity Fact. in SCET distinguishes
the collinear and soft d.o.f

_ Manohar & 1.S
Works with both cuto( and
dim.reg. type regulabrs P~ A
get (X, W p /a) o’ SCETy;
X P /)
nonpert. functions Qv —+
which are REAL Qn2—

dp; F(p1) = dpy F(p1)! Fsupt (P1)
zero$bin p1 EO
subtraction removes suppor of /
collinear integrand in soft
region and visafersa



soft

"d Q
N\
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soft 000

hard n$ollinear

This hard scatering
term Is real.
A

Il S(mb)ﬁb

ndollinear

Arnesen et al

ndollinear

n$h.c. 2

soft
w! (

¢ Q
N\
\

(/
/0 (

n$ollinear
n$h.c.

This soft rescatiering

term is mmplex.
I

12 m!)—

SCmh)

Annihilation is real at Leading Order



Anninhilation is real at lowest order In | ¢ expansion

Su(ers from endpoint divergenes.
But they do not introduce a phae.

Leading ordeyits same size f1a#.
N o endpoint divergene&s here.
No Imaginary part here either.

L2 (K) P, () ! am, (X1, X2) Arnesen et al.
n_ 1
c) : \(mbA)”zr D M, A soft rescatering annihilation
- %% contribution DOES have a strong
5 — phase, but is one higher order in! s




Other possiblilities?

we oould add a mode that lives

at parametricaly smal scales
2 S 2
pe!l — " |

Q

&messengeéscales O

show up in peturbation theory
Becher Hill, Neubelt

but only for special choies
of the IR regulabrs

Beneke, Feldmann;
Bauer Dorsten, Salem

2 |4 2

[ L

P~ . Q2 .
consistent with
con%nement?




If annihilation is real, then that would leave charm penguins ithe SM
sourae of Imaginary part "or some other pover correction#.

If no other SM sour@ was identi%ed and charm penguins are real
or highly suppressed '®aBBNS hare argued# ...

then that would leave only
NEW PHYSICS IN PENGUINS .

END



