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Effective Field Theory

Flavor Changing Neutral Current (FCNC)

e at parton level: Ap=(udb) — A=(uds)
e handle in effective theory (all fields heavier than b are integrated out)

» matrix elements of operators O; represent physics below ;. ~ mj,
» Wilson coefficients C; = C,(Mw., Mz, m;, . ..) represent physics
above yu ~ my

Effective Hamiltonian

4Gg . .
H=—7 [VfthSZCfOi + O(Vubvus)] +h.c.
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» matrix elements of operators O; represent physics below ;. ~ mj,
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Decays
B— K"~ Bs—putp~ B— Kite
B — K*y B— X0~ B— Xsy
Ap — N[— Nr]ete~
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Why Np — A

B — K*¢*¢~ is being measured with increasing precision
onNp — N?

pro arguments, sorted from weakest to strongest
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B — K*¢*¢~ is being measured with increasing precision. Why spend effort
onNp — N?
pro arguments, sorted from weakest to strongest

e independent confirmation of results: same b — s¢*¢~ operators,
different hadronic matrix elements

e My ~25-10"%eV: small width approximation fully applicable (compare
B — Km¢t¢~ where non-res. P-wave contributions are unconstrained)

o fewer hadronic matrix elements (2 in HQET limit, 1 in SCET limit)

e doubly weak decay: complementary constraints on b — s¢*¢~ physics
with respect to B — K*¢+(~
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Kinematics and Decay Topology

Ap(P) — /\(k) [= N(ki) 7(ke )]€+(Q1)€_(Q2)

VWA
A/

L

3 independent decay angles Momenta
e cosfy ~k-q qg=aqi+q
e costy ~k-q Y= =
L k=k + ko
e cosp ~k-q k= ki — ko

only for unpolarized A,
D. van Dyk (Siegen) Ap — N(— Nm)ete— 17.06.2014

4/17



Ay — N\ Hadronic Matrix Elements

In General
o using (overaII 10) heI|C|ty form factors (FFS) [compare Feldmann/Yip 1111.1844]
e'(A) - (AITAs) ~ £(07)

e for lepton mass m, — 0 this reduces to 8 independent FFs
e results for all FFs expected from the lattice in the long run

Within HQET

e heavy quark spin symmmetry reduces matrix elements to 2 FFs at leading power
e known from Lattice QCD [petmold/LinMeinel/Wingate 1212.4827]

Within SCET applicable when Ex = O (my)

e matrix elements reduce further to 1 single FF
e estimates from SCET sum rules [Feldmann/Yip 1111.1844]
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A — Nz Hadronic Matrix Element

e A — N is a parity-violating weak decay
branChing fraction B[/\ — Nﬂ'] = (997 + 0.1 )% [PDG, our naive average]

equations of motions reduce independent matrix elements to 2
e we choose to express them through

» decay width 'y
» parity-violating coupling «

within small width approximation, 'y cancels

a well known from experiment: ap,— = 0.642 + 0.013 poc average]
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Operator Basis

Semileptonic/Radiative Operators

SM and chirality-flipped operators

Qe — - Qg — -
Og9) = 4*;[37“ Pumybllty.l]  Osgp10) = ﬁ[sv“ Pi(r) ][y, 78]
emp .
07(7/) = ?[SO’M PF?(L)b]F,uz/

Hadronic Operators
contribute via intermediate off-shell photon

O, = [ey*PLTAb][8v,PL.Tc]
O, =[cy"P. bl[sy.P. c]
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Hadronic Contributions

all exclusive b — s¢™¢~ processes face problem of hadronic contributions

e hadronic operators give rise to e.g. b — scc, hadronizes to
Ao = NJ/p(— €707)

systematically include effects via hadronic two-point function 7(g?)

Cr(07) = T(¢°)

different approaches to obtain 7(g?), depending on kinematics

B — K*¢*¢~: methods and domain of validity

» small q2 < mg: QCD Factorization (QCDF) (geneke/Feldmann/seidel
hep-ph/0106067 and hep-ph/0412400]

» large g2 ~ m2: Operator Product Expansion (OPE) arinstein/pirol
hep-ph/0404250]

Ap — AT~ the low recoil OPE can be directly applied at g% ~ m2
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Angular Distribution of A\, — A[— Nzt (-

we define the angular distribution as

8 d'r
on k(P )
3 dg2dcosf,dcos b dg (9%, cos 0y, cos b, ¢)

when considering only SM and chirality-flipped operators

K=1 (K1ss sin 0, + Kige cos? 6, + KicCOS 95)

+ oS O (KZSS sin? 0y + Koos COS2 0, + Koo COS Gg)

+ sin 6, sinng( Kssc Sin B, cos 6, + Kss sin 6, )
+sin O cos¢( Kasc Sin B, cos 0y + Kys Sin Gy )
Kn(GP)
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Angular Observables

e matrix elements parametrized through 8 transversity amplitudes A;M

AR AR AT AR

1> llo >

and (R < L)

A dilepton chirality
x transversity state, similar asin B — K*(T¢~
M |third component| of dilepton angular momentum
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Angular Observables

e matrix elements parametrized through 8 transversity amplitudes A;M

R R
AT ARAR A

[lo

and (R < L)

A dilepton chirality
x transversity state, similar asin B — K*(T¢~
M |third component| of dilepton angular momentum

e express angular observables through transversity amplitudes, e.g.

K1cc— HA |2+‘AR ‘2+(R<_>L)]

2
o
2

Koo = 5 [|AT 12+ |ATIZ = (R < L)]

full list in the backups
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Simple Observables

start with integrated decay width
= 2K1ss + K1cc
define further observables X as weighted (wy) integrals

3
X—1 a-r

=T | doosd,dcoson dd)wx(cos 6¢,c0s Op, ¢)d cos 6, d cos Op d¢

A leptonic forward-backward asymmetry

3 Kic

A= S
2 2K1ss O ch

with w,e = sgncos 6,
AFB
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=T | doosd,dcoson dd)wx(cos 6¢,c0s Op, ¢)d cos 6, d cos Op d¢

A leptonic forward-backward asymmetry

3 Kic

;N S -
2 2K1ss O K1z:c

with w,e = sgncos 6,
AFB

B fraction of longitudinal dilepton pairs

_ 2K1ss — K1¢:c

Fo=21s8” “lee
0 2K1ss+K1cc

with we, = 2 — 5cos® 0,
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Simple Observables

start with integrated decay width
= 2K1SS + K1cc
define further observables X as weighted (wy) integrals

3
X—1 a-r

=T | doosd,dcoson dd)wx(cos 6¢,c0s Op, ¢)d cos 6, d cos Op d¢

C hadronic forward-backward asymmetry

1 2Koss + Kace

A q
Aby = - S72ss T Pece hwy =sgncosé
M = oK Ko with w,e = sgncos fx

D combined forward-backward asymmetry

3 Kac

Al/\ _ 2 MNec
o 42K1ss+K100

with w 4L, = SQN CoS 0r sgncos b,
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At Low Recoil: Amplitudes when g% = O (m3)

e ingredients

» Low Recoil OPE expected valid only for g-integrated quantities
[Grinstein/Pirjol hep-ph/0404250], [Beylich/Buchalla/Feldmann 1101.5118]

» to leading power in the 1/m, expansion there are only two independent
form factors

(NT|Ap) ~ Tp[&1T + &2¥T]up,  with v: A velocity
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e ingredients

» Low Recoil OPE expected valid only for g-integrated quantities
[Grinstein/Pirjol hep-ph/0404250], [Beylich/Buchalla/Feldmann 1101.5118]

» to leading power in the 1/m, expansion there are only two independent
form factors

(NT|Ap) ~ Tp[&1T + &2¥T]up,  with v: A velocity

e all amplitudes factorize
> schematically see backups for full expr

AR o B« f + corrections

» for only SM-like operators coefficients unify Ci — cftt)
» corrections suppressed: O (as—) and O (cg mb)
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At Low Recoil: Observables when g2 = O (m2)

e observables are bilinears of )
» some are the same as in B — K*£T £~ [Bobeth/Hiller/DvD 1006.5013 and 1212.2321]

1 A~R2 AL 2 1/ ARARK AL AL
=5 (ICEFHICL[)  pe = Z(CTCT-CCY)
» new complementary combinations (alsoin B — Kret e, see talk by Gudrun Hiller)

(|c P-ICEP)  pa (C+CR*+CLC )

I\J\
-Jk\
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At Low Recoil: Observables when g2 = O (m2)

e observables are bilinears of )
» some are the same as in B — K*£T £~ [Bobeth/Hiller/DvD 1006.5013 and 1212.2321]

1 A~R2 AL 2 1/ ARARK AL AL
:§(|Ci| +|Cx[%) pzzZ(C+C_ —-c-cy)
» new complementary combinations (alsoin B — Kret e, see talk by Gudrun Hiller)

(|c P-ICEP)  pa (C+CR*+CLC )

I\J\
-Jk\

e which observables probe these new combinations?
» hadronic forward-backward asymmetry Af is sensitive to Re (p3)

» combined forward-backward asymmetry A% is sensitive to Re (p4)
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Sketch of Hypothetical Constraints in NP Model

assume Cy o) free floating, and Cyy10,) = Cigi101) = (—4,0)

e existing constraints

pi blue banded constraints

g

-4 -2 0 2 4
Co

black square: SM point
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Sketch of Hypothetical Constraints in NP Model

assume Cy o) free floating, and Cyy10,) = Cigi101) = (—4,0)

e existing constraints

’ | pi blue banded constraints
I (il - p, insensitive (not shown)

e new constraints

P3 banded constraints
Pa hyperbolic constraint

black square: SM point
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Optimized Observables

Goals
construct observables ...

e ...that predominantly test short-distance physics
e ...that probe ratios of form factors

Short-distance sensitive observables

e in SM + SM’ basis e in SM basis
Koce _ aRe (P4) @ _ apq Kice
Kic Re (pz) Kic 2Re (pz) Koc

Form-factor ratios

e in SM + SM’ only two ratios can be probed

p1

e in SM basis also f/ /',

Y /2 can be probed
2Koss E 2K B /T P

~ 1 A~ L Y
KZCC * fl/ff KZCC fl/ ff

D. van Dyk (Siegen) Ap — N(— Nm)ete—

17.06.2014

_ 2aRe(p2)

15/17



Numeric Results

e preliminary results

» low recoil region 14.18GeV? < g2 < 20.30GeV?
» scale u = 4.2GeV
» uncertainties: form factors, CKM, quark masses

(B) =(5.2+0.8)- 10~
(Fo) =0.4640.2
(Afs) = —0.26670 1%
(Afs) = +0.2481050
)

(ARY = —0.127 + 0.005

e agrees with B measurement [LHCb 1306.2577, our naive average]

(B)=(6.2+2.1)-10""
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Conclusion

e rare decay Ap — A(— Nm)¢*t¢~ mediated by b — st ¢~
» self-analyzing through weak A — N7 decay
» offers complementary new constraints on b — s¢+¢~ physics
e decay induces angular distribution with 10 (or more) angular
observables

» three forward-backward asymmetries, two of which probe new
constraints: A%, and A%

e predictions for observables at low recoil using HQET form factor relations

Outlook

e atlow g°: spectator interaction basically unknown

e wait for lattice results on all 10 form factors for A, — A

D. van Dyk (Siegen) Ap — N(— Nm)ete— 17.06.2014 17 /17



Backup Slides

D. van Dyk (Siegen) Ap — AN(— Nm)ete— 17.06.2014 18/17



Angular Observables

1
Kiss = 2 [|AT, P+ A7 2 + 2147, + 21472 + (R o L)]

it o
1
Kie = 5 [IAT, P+ AR 12+ (R & L)]
Kic = —Re (Aﬁ‘Aﬁf —(Re L)>
« * *
Koss = — Re (AiA”ﬁ +2A% AR 4 (R L))
Kooe = —aRe (AjA*H +(Re L))

Il

[0}
Koo = 3 [IAT, 2+ A 12— (R & L)]

« « @
Kase = —— Im (Af‘AL’Z —ATAF L (Ro L))

\/é [lo

Kss = ———1Im (A7 AR —ARAR L (R L

3s = \/§m<1_1 llo AL + (R L)
o R pxR R a+R

Kuso = 5 Re (A7, A - AT AR+ (R 1))
o R axR R ap*R

Kis = 5 Re (AL1A|‘0 ~ARAR - (Re L))
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. At Low Recoil: Amplitudes when g2 = O (m3)

AP — _oNCH Pl /5T AP = onct P it /s;

ALR — L /aNCR) fVm“meAr AL — _/aNCHP e — TR e

V@

with s = (my, £ my)2 — g2

2/<mbm/\b

cfb = ((09 +Co) + (C7+C7) £ (Cro +C1o/))

2kmMpm
chb - ((Cg —Cy) + %(Q —C7) £ (Cyo — Cm/))

K @S N [Grinstein/Pirjol hep-ph/0404250]
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At Low Recoil: ps

when g2 = O (m3)

2 2
Py = |Cre £ Cpigr|? + C10 £ Coy|

p2 = Re(C79C1o — C719/Cior) — 1M (C79C719r + C10Cq0)
p3 = 2Re((C7g £ C719/)(C10 £ Cio0)")

pa = (|C79\2 — [Crrgr|? + |C1ol* — |C1o'|2) — 11m(C79Ci0r — C719/Co) -
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Form Factor Uncertainties

° 1.2 | | [Detmold/Liu/Meinel/Wingate 1212.4827]
reproduce &1 > data points from the lattice

» two points: g% = 13.5GeV? and g2 = 20.5GeV?
» correlation across g taken into account
» correlation across &1 2 not taken into account

« at subleading power, 6 further FFs emerge: x1,. 6

» order of magnitude ~ my/mj,
» use uncorrelated gaussian priors
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