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Outline

Charming penguins: what and why?
Review of SCET
Semi-inclusive hadronic B decay

Isospin asymmetries 1n radiative B decay



What are penguin diagrams?

Penguins are loop diagrams, with gauge field emission

b Z}KO
BO{ t g 8 0

Important for B decays, CP violation, b — s7, . ..
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The Problem with Penguins

Can sometimes calculate effects of penguins
however

Charming penguins can be nonperturbative

Ciuchini, et al
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The Problem with Penguins

Can sometimes calculate effects of penguins
however

Charming penguins can be nonperturbative

Ciuchini, et al
rp —Ip |

b . @Z}’E\

7N

Virtual charm quark loop For particular final state kinematics
charm pair can be close to on-shell




A Charming Controversy

Charming penguins are present for B — 7,
important for CP violation studies.

How big are charming penguins?

Beneke, Buchalla, Neubert, Sachrajda Bauer, Pirjol, Rothstein, Stewart
Charming penguins Charming penguins
factorize at are only suppressed by

leading order 1n

1/my as(2me) f <2m> v

my




A Charming Controversy

Charming penguins are present for B — 7,
important for CP violation studies.

How big are charming penguins?

Beneke, Buchalla, Neubert, Sachrajda Bauer, Pirjol, Rothstein, Stewart
Charming penguins Charming penguins
factorize at are only suppressed by
leading order 1n om.
1/my, as(2me) f o v

Our goal 1s to try to measure the size of
(different) charming penguins, using data



The Plan

® [ ook at decays where charming penguins
can contribute

® Semi-inclusive hadronic B decays

® [sospin asymmetries in radiative B
decays

e (alculate the rates (using SCET)
® Parametrize charming penguin effects

e Extract the charming penguin contribution
from data



Semi-inclusive hadronic decays?

B decaying to light meson M recoiling against hadronic jet X

M - c 104

» Potentially large data sets

 SCET allows for factorization of rate
* The B to X part same asin B — X

» Simpler than two-body exclusive decays
—Spectator interactions suppressed

 Possible handle on charming penguins



Need for SCET

B decaying to light meson M recoiling against hadronic jet X

Pm
2 ®-

* [nvestigate in the endpoint region

—Jet X 1s jet of collinear particles
p?\/[ ~ AZQCDa px ~ Aqcpmy = A mb

—New small scale in the problem A

* SCET 1s effective theory coupling collinear
and soft particles together



Radiative decays

B decaying to light meson M recoiling against photon

M < Y

 Currently have data (with large uncertainties)

e SCET allows for factorization of rate
 Possible handle on charming penguins

Again, kinematics necessitate the use of SCET



Building the EFT

» Want SCET to describe relevant
physics (long distance, IR)

» Need degrees of freedom for each
type of on-shell mode QQQQQQQQQQ‘QQQQQQQQQQ

= \Will have collinear and soft d.o.f.

E=ps _ oimi—ay D= @ P pL)=(nep, @D, p1)
2 TP Rk =1(1,0,0,1) n*=(1,0,0,—1)

‘i Collinear  p~ M(A°, 1, \)
Soft p~ M A ) p* < M)\
Ultrasoft »~ M(X\°, A7, %)

Need systematic expansion in A.

E +ps
2

~ O(m),




Building the EFT

Collinear particles: remove “large” components of
momentum

|
0(Q) O(QN) O(QN?)

n-pP

o

Take partial Fourier transform: om@r - T—T1 121 T 7~
~ Z thn p(x)e T
» 1

Split spinor 1into “large” and *“small” components:

w ﬁﬁ wn D | ﬁzﬁ wn p — gn,p + gﬁ,p

Derivatives scale as O(Q\?)




Building the EFT

® Scaling (from kinetic term)

Collinear Usoft ,
Collinear gluon
Quark gluon
Field Em,p All:ttS n: An,P A}ijp n- Anvp
Scaling A % A % A

® Plug into the (massless) QCD Lagrangian £ =i ¢

wn,p — fn,p + fﬁ,p glVlng

—i(o—0 -2 | 7 n . = n  _ .
gzze (p—p") [gn,pfg(m-D)gn,erfn,p/?(n-p+m-D)€n,p

| + &y (B +1D1) Enp + Enpr (o + D 1) Enp]

D =0—-1igA,p —19Aus
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® Scaling (from kinetic term)

Collinear Usoft ,
Collinear gluon
Quark gluon
Field E,»n,p Al;zts n °An7p Aip n 'An,p
Scaling A % A % A

® Plug into the (massless) QCD Lagrangian £ =i ¢
Vnp = &np + &ap giving O(Q) O(Q)\Q)

«

—i(o—0 -2 | 7 ﬁ : = n  _ .
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Building the EFT

® Scaling (from kinetic term)

Collinear Usoft ,
Collinear gluon
Quark gluon
Field E,»n,p AZS n .Anvp Aﬁz_,p 1 'An,p
Scaling A % A % A

® Plug into the (massless) QCD Lagrangian £ =i ¢
Vnp = &np + &ap giving O(Q) O(Q)\Q)

«

—i(o—0 -2 | 7 ﬁ : = n  _ .
EzZ@ (p=p") [fn,pfg(zn°D)fn,p+fn,p’§(n‘p‘an'D)fn,p
p,p

+énp (PL+ 1) Enp + Enp (P +1D1) En ]

D =0—-1i9A,, —19Aus . .
g No kinetic term for &n.p



Building the EFT

® ¢; , notdynamical

(n-p+n-iD)&np = (Pr +idDL)

substituting

ﬁgn,p

L= 300Gy 0D+ (e + D) (b + D) B

p,p’ ey




Building the EFT

® (5, notdynamical

(-p+7-iD)enp = (B + D),
substituting
| | | R
D (4 D)+ D) B

Imposes label conservation

Simplify by always imposing label conservation



Building the EFT

® (i notdynamical D=0=igdnp = igAus
(R-p+n-iD), = (P +iD1) ﬁfn,p
substituting
_ 1
£ = Guyp [n0D+ (hr + 1) s (b +iD1)| S

/ - App~O01),7-0=n-Au =O0(\?)
At this point, not uniform 1n the power counting
Need to expand in A

Introduce label operator P"E, , = pPEn p

Introduce Wilson line

W,(z) = Pexp (—ig /x dsn - An(sn)>

— O



Building the EFT

Expanding gives
— i ) 1
L=y |niD+gn- Ang+ Pr+ohn )W SWIPL+ oA,
Only contains P=n-P
ultrasoft Aus
1D =0 + g Ay

® [ cading order collinear quark Lagrangian

® Only coupling to ultrasoft through one term
(Will come back to this)

5 Sn.p




Gauge 1nvariance

® (Gauge 1nvariance 1s very useful constraint
® Have multiple gluons modes: How does 1t work?

Only QCD gauge transformation that are relevant
have support over collinear, soft or usoft momenta

Usoft gauge transformation has V,,(z) = exp[iBZ. (z) T
with 0V, (x) ~ Q\°
Collinear gauge transformation has U(z) = explia® (z)T*]
with 0*U (z) ~ Q(\*,1,\)

Gluon fields are gauge fields associated with these

Usoft act as a background field for collinear fields

(Local for residual x dependence)

Usoft fields invariant under collinear transformation



Gauge 1nvariance

® Under a collinear gauge transformation

n,p U, n,p;Wn U,W,

® Collinear gauge invariant can be constructed

Wg(m)‘fnp

e Still transforms under ultrasoft gauge transformation
Wokn,p — Vuswgfn,p

Integrating out hard fluctuations gives Wilson coefficients
Gauge invariance restricts form C(P, PT)

Sometimes useful to introduce Xg,) [0(w - |5)WrJ1r fgi,)p]



L=2¢&,

Decoupling the Ultrasofts

1

n-1D+gn- An,q + (?J_ + gArrJ{,q)WP

Only one term
couples to ultrasofts

WP+ ht )

5 Sn.p



Decoupling the Ultrasofts

Only one term
couples to ultrasofts

WP+ ht )

5 Sn.p



Decoupling the Ultrasofts

D

Only one term
couples to ultrasofts

Can remove by introducing
ultrasoft Wilon line

Y(x) =Pexp (zg/ dsn - Aus(sn)>
Important: Y'n - iDY =n - id
Do field redefinition

fn,p — qu(vgz)g

_ 0)py
Al = YA%};‘Y

. _
+gn - Ang + (PL+ 9hn JW sWHPL + 9A7 )

5 Sn.p



Decoupling the Ultrasofts

— . 1
L= €0 [n-i0+gn- AT + P+ A0 W ZWIPL+ 9400 | B
No term
couples to ultrasofts (atleading order)

At leading order, collinear particles do not interact
with ultrasoft particles!

Effects of ultrasoit incorporated by
ultrasoft Wilson lines appearing in operators

(See this in a second)

This will get us the factorization theorems



Familiar Objects

Need to define some objects 1n the effective theory
Heavy-to-light current J(z) = gI'b(x)

Match onto effective fields Jog(z) = &, ,Thy ()

Appears to not be gauge invariant - build up Wilson line

Want Jog(z) = &, ,WTh,(x)
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Appears to not be gauge invariant - build up Wilson line
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Familiar Objects

Need to define some objects 1n the effective theory
Heavy-to-light current J(z) = ¢I'b(z)
Match onto effective fields Jog(z) = &, ,Thy ()

Appears to not be gauge invariant - build up Wilson line

-
-
-
-
-

o —

+ perms
66685660 Im pe

0680 92
GRS

Po

If we now decouple ultrasofts

Jorr(z) = ELIWOTY Th, ()



Familiar Objects

Need to define some objects 1n the effective theory

® Pion light-cone amplitude

_ 1

b .
n?(p)| (y) " 5w,LEY(y,X) (X)]0 = —ify 2°pH : dze'lzPy+I=2)p-x1(yy, 7)

In SCET, write 1in terms of effective fields

7_b 1

V2 0

(.o (D) €y Tty

W (g, 2)En2[0) = —ifrd%7 - p  dzemPEVH1=D2lg () 2)



Schematic of Calculation

Semi-inclusive hadronic B decays

« Match QCD onto SCET;, /Q - O—=
2G -
Hy —Hr="—"= ) A9% crgo;
W I \/§ . p P )

—Operators look like Oy = [u,iPLY, b, | (g7 Prus ]
e« Run down to SCET;scale  /a

Factorization makes o & & b )

running simple up}%/m \y/ \@/

Brodsky-Lepage kernel

for /7 direction d) \@/ €) v

Heavy-to-light for rest 220055 T e




Schematic of Calculation, cont

Semi-inclusive hadronic B decays

 Situation where spectator from B
ends up 1n M suppressed

» Decay amplitude looks like / \
2Gr " (@ T
(XM|H;|B) = 3 du Tyy' (u, p) (M|[qntPray] ,10)(X [q,PLY, by | B)
0 / \
Gives lightcone Gives jet function
amplitude convoluted with

shape function

» Use Optical Theorem to relate decay rate to
imaginary part of forward scattering



Schematic of Calculation, cont

Semi-inclusive hadronic B decays
* Decay rate 18

d Ge 2
GE- (B XM)=F —Fmix3;S(xm, Ho) hy
where B shape function Light quark jet function
A N\ -

1

S (Xar. o) = mb/ dl (1) [ = Imdp (my - 2B + 1+ )]

-mp+2Em
1

h@ = fy, du o (w) DT, () + @1 (u)
/ \ (Q)_Vpbv

Lightcone amplitude Perturbative

Compare with B — X~

d - G m;
d—(B XS )= 1gn4bX3 H (mb,UO)S(X !“0)

Cancel 1n the ratio



Schematic of Calculation, cont

Semi-inclusive hadronic B decays

In a picture M\)

al’

2
m”(|7®¢M| ) (T ® f)

Compare to

ENH'(j®f)



Charming Penguin?

H\HM

Can include effects __» @ o

(84

d (B MX)/dE,,  2n (

_ h(2)
d (B X, )/dE, m:H.,

2 * 2
D+ 2Re[ @g,. pM (hg\?) } + gq>060| Pé‘f)

-

Unknown pieces

Charming penguin adds new terms to rate



Strategy for Charming Penguin

* Look at decays without 1t
—Example: B — ¢ X"
—Test method, within errors?

* Look at decays with 1t
—Example:B — K~ X*
—Is term from charming penguin necessary?

d G2 ., .

(q) 2
dE (B XM) = ot

= MyXy S(Xm, Ho) hy' =+ -+




Uncertainties
Lots of higher order corrections

» Higher order B shape function: Mostly cancel 1n ratio

* New subleading function enter due to correction to
collinear currents: Could be large for some modes

e “Chirally enhanced” terms: Unknown size
* SU(3) breaking: For M of order 20% (small for B)

Also have uncertainty 1in parameters
(1e, lightcone amplitudes)



Phenomenology
 Put cut on invariant mass my <2 GeV

* Normalize rate to B X5 1n endpoint

» Lightcone amps from QCD sum rules
 Calculate CP asymmetry

dF(E — XM)/dEy —dl'(B — XM)/dE )y,
dF(E — XM)/dEpy +dl'(B — XM)/dE )y,

Acp =

* Look at as many decays as possible, assuming
charming penguin 1s small



Some Results

Have rates for 60 diftferent channels
Some are listed below (without NPCP)

Mode Br/Br(B X5 ) | Exp. (2 body) Acp

B K~ X*| 0.17+0.09+0.05 hokk 0.30 £0.16 £ 0.01
B K~ XJ| 0.17+0.09+0.05 - 0.30+0.16 + 0.01

B n X*| 067+0.37+0.14 > 0.038 -0.040 + 0.021 + 0.004
B X1 176 £0.97£0.35 >0.10 -0.039 + 0.021 + 0.004
B- KY%X~| 020+0.11+0.06 okl (9.7 + 4.8 £ 0.6) x 1073
B- X7 | 022+0.13+0.03 >0.035 |(8.9+5.0+1.6)x107°

B X¢ | 0.22+0.13+0.03 >0.034 [(8.9+5.0+1.6) %1073

**% wailt for 1t



Got Data?
(B-/B° K- X)
( B X S ) from BaBar

—( hep-ex/0607053

—-0
(B-/B° K X)
B X, ] - 08904

= 1.13 + 0.30

The prediction again were
(B-/B° — K~ X)

B = X. ) = 0.17 £ 0.09 + 0.06

no NPCP

(B~ /B — K X)
['(B — Xsv)

= (0.20=0.11 = 0.06
no NPCP

Charming penguins?

d (B MX)/dE,  2n AL pK :{ 22+11 : KtX

d (B X, )/dE, = mZH, (\“5‘?\2 +2Re [ Wo..plf () ] + | EQ)"CC‘QP@ 20415 : K'X

%



Outlook for

Semi-inclusive hadronic B decays

* With future measurements, could constrain
charming penguin better

 Error estimates could be done better




[sospin Asymmetries 1n Radiative B Decays

Begin with data ) O

(B K v)— (B~ =K ")

Aj. = —0  — 0
(B - K 7)+ (B‘ - K ‘7)
., 2(B"  °)-Ir(B- )
- 5
21"'(B O )+ T(B- =)

Recent data from BaBar:

Al =0.03 +0.04
without NPCP
order few percent. AO— = 0.26 = 0.14




[sospin Asymmetries 1n Radiative B Decays

Begin with data ) O

(B K v)— (B~ =K ")

Aj. = —0  — 0
(B - K 7)+ (B‘ - K ‘7)
., 2(B"  °)-Ir(B- )
- 5
21"'(B O )+ T(B- =)

Recent data from BaBar:

Al =0.03 +0.04
without NPCP
order few percent. AO— = 0.26 = 0.14

S

Why so much bigger?




Various contributions

« Mass difference of spectator O[(m., - m4)/ qcpl

 Dominant contribution from EM interaction
with spectator quark

X

Here’s the penguin



q) — Vpbqu

Schematic of Calculation

Isospin Asymmetries in Radiative B Decays

« Match QCD onto SCET; »# m

y GF ° : I
H\(I\},g?})ET ) dg )‘ng) di’fB?(ﬂ?aM)Oi(l 4q)(xvﬂ)
p i—1 U
—Operators look like e

0{" = —Uw; |, (1- 5)YAb, W, "(1- 5)W! U+ TW, *(1- 5)W] ¢

X

» Take time-ordered product with
Lim = e, Yok WI %+ he.

e Match onto SCETy; p? 2

—get jet function



Schematic of Calculation, cont

Isospin Asymmetries in Radiative B Decays

« OR Match QCD onto SCET; »* m

1,4 F ° 1,4
S =95 Ao k)
p i = 1

—Operators look like
08 x) = S e Yold,wi(1+ 5)Yib, [ TW.d2K (1+ )

q’=u,d,s

« Match onto SCETy; »*  °



Schematic of Calculation, cont

Isospin Asymmetries in Radiative B Decays

* In both cases, B to Y piece factorizes from
light-meson production
— n- and n-collinear degrees of freedom decouple
— both decouple from usoft (Same old field redefinition)

— n~collinear piece describing vector meson
production decouples from rest

» Can also treat “double photon” contribution

b

v gq \ %

—small correction



Charming Penguin?

N/
7\

* B to v piece still factorizes

—h
—

z)

5 G _ ~
M = —T[%)\((:Q)eq fefymaAL(e ,n ) daj¢ ~L5(z - 4s2)Hes()

N

Tg

Polarization factor Parametrizes charming
Also get right-handed, but doesn’t enter into asymmetry penguin
AL= - —-i"
=0 nnqn /2

mg (4s?) vmy
cC 43(2; QCD

using power counting of BPRS



Combine everything

Huge mess
AV Re(by —bY) + RRe(b) — b))
: V L+ K V
PV = Ag hY = A_‘\
CvLV . LV
B / Isospin violating
R = |Lv|*/|Ly|? Isospin symmetric
2T[2f|3 fK fK Mk
= Qq . — 2—— K + KZ'EI
mba7,K my B Mp
= 1dx x) _1 AS(x) + AS(X) - Cq_ s Ms (X - 4s?)
e X 2 <2> N c
v) 9 () iy % c
- | dx 91" — =01 | (x){ g (Cr+ ) au+ Bix,my) |



Combine everything

Huge mess
05 Qg CF 201 m2 3 my
p _ B = _
A (z, 1) = Cg + N + N { 3 [1+1n 2 3 (sp,:c)} 2089:1:777,3}
C5 CF C1 m2 3 my
p _ S B _ = _ 2
A5 (X, H) = Cg + N + i N 3 1+ 1In )2 2Gu(sp,x) ngmB
V() aWo "W o+ W, *WI G [0 = —ifymy Fg'(x)
- oWt .o bt fv 9 (a)
V ( )l AaWhn sWgo n+ W sW, 7 xlo = —va a—xg (X)
o — —x - e X,
K* [0 B” = K |0 B’ = _Edefi*mBAL( ) L()_( H)
Ly~ = 2m%mBAL(ej,ni))\g3)a$ K+GL
V2 4 ’
+ 1
a$,\, =0 A;O)-I-ang [C1G1(3p)+08gG8(Sp)]+W@s€\;: fB];\;EmB dl+%+l+) . d:z:¢ ém) C7 +%H($,Sp)+% g“l"
. _ 4yl u? 2(-1), | -1 _ +
B(l’U)'n s(Z+p2) P+p2 w2 Inﬁ’ B ~ dl B(l)/I
v v v 1 1 N/
L@t ) -6 ax— ) o g X ()
0 L 0 x 0 X 0 X



Finally get numbers

Including CP asymmetry and branching ratio

Exp w/0 NPCP w/ NPCP

Al 0.03+0.04 | 0.04+£0.02 | 0.10+0.05
A,_ 0.26£0.14 | 0.02£0.02 | 0.10+0.06

A, _ 0.11+0.33 | 0.0840.02 | 0.07+0.13

Br(B*  * 1x109 0.96+0.24 | 1.80+0.69 | 1.63+067




Finally get numbers

Including CP asymmetry and branching ratio

Exp w/0 NPCP w/ NPCP

Al 0.03+0.04 | 0.04+£0.02 | 0.10+0.05
A,_ 0.26£0.14 | 0.02£0.02 | 0.10+0.06

A, _ 0.11+0.33 | 0.0840.02 | 0.07+0.13

Br(B*  * 1x109 0.96+0.24 | 1.80+0.69 | 1.63+067

Best fit NPCP contribution was

Mp

Re — = —-0.102-

cC

- 0.063 Tm B

Acé

= 0.022 = 0.255



Outlook for

Radiative B decays

* Charming penguin can increase both 1sospin
asymmetries together, but doesn’t split them

 Errors are still large, will have to wait and see
* No obvious sign of charming penguin




