Sensitivity to New Physics inb — V'V
Polarization

Alex Kagan

University of Cincinnati



Extensions of Standard Model (SM) often include opposite
chirality operators (V — A <~ V + A), e.qg.,
® QCD Penguin operators

SM Chirality Opposite Chirality

Q35 = (5b)v-a (q9)vFa — Q35 = (5b)v1a (qq)v+
Qus = (5:b))v_a (Gig)vsa — Que = (3ibj)vra (G )ViA

® Chromo/Electromagnetic Dipole Operators

Qry = gzmpSio" (1 4+ v5)biF — Qry = sz Mp5; 0t (1 — v5)biF
Qsg = g2zmpsot” (1 + 5)t°bGT,  — Qg = 5017 (1 — v5)t*bGY,

® Electroweak Penguin Operators

Q79 = 3(5b)v_a €q (Gq)vLa — C:?7,9 = 2(5b)vsa €q () vra
(08,10 = %(gibj)V—A eq (q)vea — @810 = %(gibj)V+A eq (4jGi)vEA



Examples of New Physics

® Loops: squark-gluino exchange

2
5mgL§L:> @3,..6;

® Tree-level: Z or Z/ exchange

ZOsp by = Q... 10,

2 ~

5m6R§R:> Q3,..,6

ZOspbp = Q7...10



Helicity final states

® Three helicity amplitudes in B — V1 V5

s A": both vectors helicity h= 0 (longitudinaly polarized)
s A : both vectors helicity h=-1 (transversely polarized)

s AT: both vectors helicity h=+1 (transversely polarized)

® Does V — A structure of b — s(d) transitions in SM imply a
helicity amplitude hierarchy, or polarization?



Naive Factorization (NF)

Leading order in oy, 1/m;. Example: B — ¢K*

S S
b > (%) < S
(S b)v-a (S S)v-a
< d

A" o< 9859510 > < K* 57,750 B >, h=0,—,+

x decay constant x form factor



® Quark helicity-flip requires transverse momentum, k&

= Agcp/mp Suppression

S S
b > (%) < S
(S b)v-a (S S)hva
< d

s A’=0(1), A =0(1/m), A" =0(1/m?
s A /A" = O(my/mp), helicity of 5 in ¢ flipped
s AT/A™ = O(Agep/me), helicity of s in K* flipped

#® power counting follows formally from large energy form
factor relations of Charles et al



Summary: B — V; V5 helicity amplitudes in NF

a239 aj,4.10 as 7
VQ: two upward lines, Vl: Form factor vector meson

# contributions to the helicity amplitudes, A"(V;15):
AY(ViVa) o fy,mE (1 = O(1)

1
A_(V1V2) X —2fv2 my, mpg Cl/l = O (—)

m

A 1
A+(V1V2) X —fV2 my, mp X O( Yl QCD) =0 (—)

my m2
® A~: quark helicity-flip costs 1/m

#® AT: additional helicity-flip = form factor suppression 1/m



Transversity Basis

Transverse amplitudes In transversity basis:
A= (A" £A4AN)/V2
#® [n naive factorization, rates satisfy
|} 1
—=1+0(—
FH my

® Total transverse rate, I'r = I' | + I'|, satisfies



® Experimental situation Ry | | =g |/Tiotal
Ro(B” — ¢K*)Babar, Belle = 0.58 +0.10, Ro(B" — ¢ K" )Bapar = 0.46 & 0.12

R (B" — ¢K*)pene = 0.41 £0.11, R (B — ¢K*%)pepe = .001 £0.15

Ro(BT — p"K*")Bapar = 0.96 £0.16, Ro(BT — K*pT) =7

Ro(BT — p™p”)Babar, Belle = 0.96+£0.06, Ro(B° — pTp™ )pabar = 0.994-0.08

® NF power counting = New Physics in Ry(B — ¢K*)

® |s power counting preserved by non-factorizable graphs?
(penguin contractions, vertex corrections, spectator
Interactions, annihilation graphs)

Can address in QCD factorization



Non-factorizable amplitudes in QCD factorization (Beneke et al)

#® convolutions of short-distance scattering amplitudes with
long-distance meson light-cone distribution amplitudes

» ‘Twist-expansion’ for distributions:

1 1
Twist—2 = O(1), Twist—3 =0 (—) , Twist—4 = O <_2)

my mb

® | eading power in 1/my, all orders in a,: amplitudes factorize
Into calculable short-distance part /long-distance part given
In terms of universal non-perturbative parameters

Formal proof in Soft Collinear Effective Theory is near

—p.1l



Subleading powers

At subleading powers < 1/my,

short / long distance separation breaks down. Certain
graphs soft dominated

s Signaled by infrared log divergence in light cone quark
momentum fraction z,

L dx mp

— ~1In—, physical IR cutoff A, ~ Agcp
o Ap

Challenge: transverse amplitudes begin at O(1/m)

Can we say anything about polarization? Strategy:
s parametrize uncertainties for log divergences

» hope observables not sensitive to them

—-p.1



Power counting for helicity amplitudes in QCD factorization

work to next-to-leading order in «;

1) Penguin contractions: charm quark, up quark loops

S S

Y A Y Y

LQWWG@i b—QWWWl
dy dg

VQ: two upward lines, Vl: Form factor vector meson

A A~ AT
a4 O(1) O (me) O ( ng )
twist-32 twist-3"2 x FF"1

e |- -
twist-3v2

Each helicity-flip costs --: one unit of twist or form factor (FF)
suppression



2) Penguin contractions: chromomagnetic dipole operator Qg,

Iy & Iy g
—.b 66666666666@—=(= —.b 6'6'6'6'6'6'6'6'6'6'6'6\—#
QSQ ay Q8g ag

Contribution of a} to A" is O(1). All other contributions vanish!

#® Physical reason? would require coupling to longitudinal
component of gluon but:

dipole operator tensor current only couples to transverse
component

#® |[mportant implications for NEW PHYSICS
s Anomalies in S(¢Kj), So(¢pK*), but NO anomaly in
S1,(¢K*) = new physics in dipole operators.
s Anomaly in S, (¢K*) = new physics in four-quark
operators

-p.1



3) Vertex corrections:

q q
g
b § < S

S
b S

d239

VQ: two upward lines,

S
q
q
q

b/

d1 410

V/1: Form factor vector meson

q q S q
qb§ =¢sb§ > (
ds 7

ds 8

A A~ AT
ai,.4,9.10 O(1) O (m%)) O (ng)
twist-3"2 twist-3"2x FF"1
ai,.. 4,910 O(1) O (m%) O (m%)
twist-3"2 twist-3"2x FF"1
o [ OG) | =oW) | ok
twist-3"> twist-4"2 x FF"1 twist-4">

Each helicity-flip costs %: one unit of twist or FF suppression




4) Spectator interactions: e.g.,

S S
q
S
b )—§ (%) ;(= S
S a9
= _
D < d
1. m
A=0(1), A o(m nAh>, 0(

Cr fB
Bl ~ 02

C

#® overall parametric suppression:

® Soft spectator limit in V; — Log divergences

-p.1



Spectator interaction summary:

O

q

239

(e
0900009000009

S

q q

< b

QD
(82
~

a14.10

090909 oooooo/
000099 oooooo//
o
n

000000 oooooo/

VQ: two upward lines,

V/1: Form factor vector meson

AQ A- A+
ar. 4010 | O(1) | O (% IHA%) O (W{Q IHKZ)
twist-3"2 twist-3"1 x twist-3"2
as.7 o1) | o (% mAﬂh) O (ﬂ}ﬂ mg;)
twist-3"2 twist-3"1 x twist-3"2
a6 5 — | o(img) O (gt )
twist-3"1 twist-4"2

#® Each helicity-flip costs one unit of twist or m%)

—p.1



5) Annihilation graphs: e.g., ag < (db)s_p x (5d)s4p >
d S

(d b)sp (5 d)ssp

A% A= =0 (ilnﬂ), A+ =0

m2 Ah
#® annihilation topology = overall 1/m

® helicity-flips = rest of 1/m factors, or twists:

. . . -
® overall parametric suppression: % n{—; ~ .02

C

-p.1



Annihilation summary:

S

Ol

q q
Al
b
g q
AV A~
LAY % lnAﬂh # (lin div) ~ # In? 22
J J 1 m
i, f 1 2m 1 2m
1 m 1 2 m

® NF power counting (1, --, 1> ) preserved

® Each helicity-flip = one unit of twist, -



6) Higher Fock states with collinear gluons: e.g.,

@/

b (%=(=q

aj 4.10

S

V5: two upward lines,  V/]: Form factor vector meson
® V5(qqg) has negative helicity but:
¢(qqg) distribution amplitudes are twist-3 = -1
— A7 ~ O(1/m)
#® A7 could be obtained via, e.g.,

Vo(qqg) + Vi (gqg) = AT ~ O(1/m?)

® (qqg) states preserve NF power counting

-p.1



Power counting summary

NF + O(a,) corrections (penguin contractions, vertex
corrections):

A=0(1), A = (%)» A+:O(%€)

Spectator interactions:

1
A% = 0(1), A:O(im@) A+:0( hﬁ?
mAh

Annihilation graphs:

1. m 1 m 1 m
0o - _ 2 + !
A —O(mln—Ah> A O(—ln Ah>7 A O<m3 erh>

Each quark helicity-flip costs 1//m: via one unit of twist, or
form factor suppression

- p.2



Numerical study

® b— pipo
s ‘tree-level’ (IW-exchange) operator dominated
o CKM suppressed electroweak penguin graphs

» no QCD penguin, annihilation graphs

1
10° Br = |25.273-%(leading power) & 1.5 <—)] X

m

Ry = .97 £.02(¢), 1) £ .01(leading power) &£ .01 (

s R)™ =.96+.06, 10°Br®P =27.0+5.8

)

-p.2



®» BY qbK*O
o QCD penguin dominated

» One penguin operator annihilation graph could be
Important

s O (# anT—:) but large Wilson coefficient, color factor
b

s modeling log divergence uncertainties in annihilation

Beneke et al.

1

d .
/_x_>XA:(1+QAeZ¢A)1n@; ouS1, Ay~ 0.5GeV
0 X Ah

Arbitrary strong phases ¢ 4 from soft rescattering

-p.2
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Blue bands: uncertainty due to variation of input parameters (qﬂ’ — =0). Yellow

bands: include uncertainty from variation of cb%’ ~, variation of other annihilation and
log divergent spectator interactions.

Large sensitivity to annihilation / log divergences

With annihilation can account for ‘large’ transverse rate:
10°Br” = 4.5+ 0.8 (Babar+Belle)

can account for I'y ~ I'7, as observed —p2



® Does NF prediction

r A
F—L =140 ( QCD) survive?
I

my

e e
N T
WL W N

106 BI‘_|_/BI’||

=
S
N W

025§

0 5 10 15 20 25
].OGBI’T

Scatter plot for FL/FH VS. Br: varied all inputs, including for annihilation,
hard spectator interactions, over full ranges. blue: (| from B — K*~ rate;

green: ¢ from QCD sum rules



#® Full scan of theoretical input parameters.
s SCET = FFfor AT is O (QM).

mp

Take [-0.2(;,40.2¢, ]. (QCD sum rules give ~ .04 ¢, )
$ P4, <1, ¢Ai — [07277]

» In the angular analysis, can measure strong phase
differences between the transversity amplitudes.
Reduce predicted range for 'y /T.

® Obtain sensitive test of SM V — A structure. Deviation
Implies new right-handed currents

- p.2



Right-handed currents, or opposite chirality Q;

Q;: inverted hierarchy, A* /A~ = O(1/m). Recall

dependence on SM, NP Wilson coefficients:
Agyoc CPM+ Y = O, AL o CPM 4 O + OFF

C; #+ 0 could give constructive interference in A, destructive
N ‘AH

Example: Opposite chiraliy QCD penguin operators with
strenghth ~ 0.2x strenghth of SM operators = I", /I"| ~ 2

-p.2



Summary

Observed dominance of longitudinal polarization in B — pp
modes well reproduced, with small theoretical errors

Very large theoretical uncertainty in penguin dominated
decays due to QCD penguin annihilation graph (Qs)

e canaccountforI’, ~I'pIn B — oK™ .
s ButTy> T, in B— K*p* would imply new physics in

b — sSs

Predict

— sensitive test for right-handed currents in b — s transitions

Comparison of CP asymmetries in 0, 1, || transversities
can further discriminate between different new physics
operators

-p.2
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