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Why B —> K*¢"{~?

I. Penguin process. Rare FCNC decay. Good place to
look for NP.

2. One has a large number of related observables each
measured as a function of the dilepton invariant mass.
This mode that get contribution from variety of
operators i.e. various new particles in the loop

3. Clean mode. Can be studied in a manner where there is

J. Matias et.al

almost none or reduced hadronic uncertainty. b, v rs

4. Several asymmetries (A4, As, Apg ...) can be measured
which are sensitive to NP via interference as linear

effects.
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The decay mode
B(p) - K*(l) ¢ (q0{" (q2) - K(k)m(k)t™ ()¢ (q2)
q=q1+q,=p—k

GFCZ

N VipVis{Co (K*|5y#PLb|B) €y, £ + C10{K*|5y* P b|B)ty,yst

2myg

7 C (K |5io q, PbI|B) 2y, ¢}
—~—

Hadronic matrix element — challenge to

reliably calculate.

Estimated in various theories: LCSR, Lattice

OCD, HOET, LEET ... tremendous effort in past
literature

M =

Wilson coefficients
C7,Co, C1g

Unfortunately simple picture of decay presented above is not
accurate enough
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Non-local contributions

Exist additional non-factorizable and long-distance contributions
Electromagnetic corrections of purely hadronic operators
= Complete Hamiltonian

AB(p) - K*(k)£*+£7)

GFa * *| = D 2C7 *| &7 14 B
- Evtbvts Co{K™|SY*P,b|B) — ?U( |Sic*" g, (my Pr + msPL)b|B)
16m? ul = . _
—_ > Ci}[i‘ ‘P]/H‘g + C10<K |S)/“PLb|B>£VuV5£
q i={1-6,8}

nonlocal hadronic matrix elements

M. Beneke and T. Feldmann, Nucl. Phys. B 592 (2001) 3
A. Khodjamirian, T. Mannel, A. A. Pivovarov and Y.-M. Wang, JHEP 1009, 089 (2010).

non-local contribution

A. Khodjamirian arXiv:1312.6480




Hadronic matrix elements

Lorentz invariance to write the most general form of the Matrix
element
(K™ (", k)Isy*P,b|B(p))

= 5 (Xoata® + 2, (9 — ) 4 1, (k — Ear) q¥ + 12,eRPk )
Vector current conserved and only the Xy term in divergence of
axial part survives.
(K*(E*,k)|is_a“"quR’Lb|B(p))

. U,V _ .
= €y (iyl (guv _ qqg ) T yz (k# _ %q”) qv + lySEﬂvpak,DCIa)

Ensure that q”<K* (€", k) | i§0”"quR’Lb‘B(p)> =

Nonlocal hadronic matrix elements
K = (K*(e*, k)|i [ d*x e'9* T{jz,,(x),0;(0)} |B(p))

- (24 - 4 + 2410 - o) + 2 )
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i={1-6,8) J
j (fac) , o j,(non—fac), »
Co = Cg = Cg + ACq (q)+AC9 (g*°)

2(my + my) - 2(my +my)
g2 — ;Y > Y= g2 -

factorizable & non factorizable contributions

C;Y; + -

/

Effective helicity index due to non-factorizable corrections in Cq:

— r3) ,l = Q) — (2)
CJ'=Cg ,C =Cg ,CO=Cg K

¢V —c? 4 k.qX,

k=1+
c?®  4k.gX; +A(mG, mi., qHX;

Cim = AC5°V(g2) + Ay (g?) ) =123




QY
’&

for large q~.

“ The seven amplitudes can be written in terms of the form-factors
Xo,1,2,3 and Yq 7 3

quR \ENV A(mé:m%(*» qz)[(CéL + C10) X3 — g3]

A" = 2V2 N[(C F C10)X1 — {0Ti]

N (Cdx F C10)(4 k. qX1 + A(mi, mp-, q%) X))

AV = 3 | .
’ 2Mq] q* _50(4 k.qY, + A(mf}, My« Clz)yz)
N _
A, = ——\/qz\l A(mg, mz., q2) C10X, Zo =M~ Ms
my +ms

Vanishes in the limit of of massless lepton. Can be safely ignored
2

Note the amplitude cﬂé’fﬁ | have the form:




A

=V2N JA(mB,mK* g)X; Fy=22NX,

N
Fo = (4 k.qX1 + A(m3, my+, g%)X;)

ZmK*\/?

2 (mb ms)

C
q°) = 7Ys +

_ ms)

C7(4 k.qUY, + A(mB,mK , Z)yz) + -

_ Ax(@®) V(@)
X, = Xs =
mpg . M g+ mpg + M g+

2

Yo = ~To(@) - 7 Ts@) Ys = -Ta(")
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We have the helicity amplitudes (massless limit):

Simple to define amplitudes in terms of some new form factors as

c/qi”R — C%,RTA — gz — (Eg + Clo).‘r,l includes C7

implicit dependence on q*
F, 9~ 2 new form factors that can be related to conventional form

factors at a given order
An important step is to separate the real and imaginary parts of the

amplitude. Three observables are non-zero only if the amplitude has
an imaginary part
LR 51T A % - A :
(A)l = (Cgl‘l + ClO):F). — g)[ = (+C]_0 — TA)T/‘[ + lE)

_ Re (G
ry = TA —

Re(C3)

Ly Im(fg)‘)?',l — Im(g})




FiTp = 2F§(rg + Cfo) + 25

Fily = 2F{(rf + Cio) + 2 ¢f

Fily = 2F3G2 + CB) + 267
V2mA,T; = AF Fy (rony + Ch) + 4eog
V2A5Ty = 3F,F, Cio(ry +11)

AppTy = 3F FLCio(ry + 1)

\/EA7Ff —_ 3C10(?0€” — :F'”E())
ﬂASFf == Zﬁ(Torogl — TJ_TJ_E'())

T[Agrf = B(TJ_TJ_EH — T”T'”EJ_)

Cqi09 and F ) are real in SM

Define new form factors

P, = %
7—"“ Useful definitions
P, = —
Fo
Fi Py P

P, = —
> Fo+F, P +P
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Observables recast (last one not independent)
® FIy = 2F(r + Cio) ,
£
00 FJ_Ff_ZT%_(rJ_'l_C 0) Fj = FA_F
® F.Iy=2F5(rg+ Cho)
~ (FL+FF +V2m ATy = 2(F§ + FH(r% + Cp)
‘ \/EASFfZB?J_?()CI()(TO ‘I‘TJ_)
AFZB’ =0
@ Arsly = 3F 1 FCro(r) +7,) > = (ry +7)
®  (App +V245)T; = 3F (Fy +F)C10 (rn +71)
where = TiF2 +7ob o—0 FIII — Fp,App = \/EAS
PZ + Pl ?“ — ?0
® ® ® CLachsetsolveforr, C1o and G,
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In the presence of right-handed currents cflﬁ’R = (C

becomes:
A = ((Efi +Cy) F (Cro + C’10)) Fi—-G.
A = ((Z'll) —C3) F (€10 - C'm)) Fio — G0

Fi=2¢(1+&)*1+R})
FiPf =201 -8 +R})
FiPF =2¢(1-8€*(1+R}) R =
ApgP; = 3¢(1 — 52)(R|| R,)
V245P, =3((1—&2)(Ry+Ry)  Ro=

_ FiCis
[f

¢




1-¢ 1
R, = 3 (1+5) Fitzha 4 independent observables
—2 P,Arp to solve for 4 parameters
1+& 1
R —+ (rf) Piby+35 24 For the moment we assume
L =13

— 2 Arg that the amplitudes are real.
Simplicity of expressions.

3 Non-zero imaginary part
2V2 As have also be included.

P2 = ()PP

V245 ((1+5) F, + 7 Pl) — Z,P1Arp

_ 32
Z1=\/4FIIFL_%A12~"B Zz_\/LLFLFl_?Aé

One extra parameter hence expressions depend on P;
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At q° = q2 .« = (mg — Mmy+)? the K* meson is at rest and the two

leptons travel back to back in the B meson rest frame. There is no

preferred direction in the decay kinematics. Hence, the differential
decay distribution in this kinematic limit must be independent of the

angles 8, and .

* The entire decay, including the decay K* — Km takes place in a
plane resulting in a vanishing contribution to the “L1” helicity or
F, =0.

* Since the K™ decays at rest, the distribution of K™ is isotropic and
cannot depend on Oy. It can easily be seen that this is only
possible if F, = 2F;.

At g% = g2 | [+ = 0as all the transversity amplitudes vanish in

this limit. The constraints on the amplitudes result in unique values

of the helicity fractions and the asymmetries at this kinematical end-

poimnt. FL(Qrznax) — % FII (QIznax) — % FJ_(CIanax) = 0 Hiller, Ziwcky '14

App (CIrznax) =0 = A5,7,8,9(Qr2nax) A4(qr2nax) — 3%

14/
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The large q* region where the K* has low-recoil energy has been
studied in a modified heavy quark effective theory framework. In
the limit q* — q%.x the hadronic form factors satisfy the

conditions Grinstein, Prijol 04
§_¢=§u =§o - ZmmeC7=>r oy =
Fo Fi Fo q° oo
Thus only in the presence of right handed currents can one expect
Ro = Ry # R,

We study the values of Ry,{ and Py, in the large q* region and
consider the kinematic limit q*> — qZ ax.

FJ.(Qrznax)zo :(zoatqz_)qrznax >
Rll(qlznax) — RO (qlznax) = PZ — \/7 Pl at qZ — qrznax

Both Py and P, go to zero at q2,,x. Hence take into account limiting
values very carefully. 15/
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Taylor expand all observables around the endpoint ., in terms of
the variable § = q%.x — q*. Leading power of 8 in the Taylor
expansion must take into account relative momentum dependence of
amplitudes cﬂi"R 1
1 2 3
FL=5+ FVs + FP62 + FP) 63

F,=FPs+FP82 4+ FP83

_ 2D ¢1/2 (2) ¢3/2 (3) ¢5/2

As = A '8Y2 + A7 8%2 + AL 85
Unfortunately, very bad approximation in the strict sense. However,
works reasonably well. Resonances cannot be accommodated in a

Tlaylor expansion and there exist resonances. Experimental binned
measurements include resonance contributions. We calculate these

errors as systematics.

Thank Marcin, Nicola, Danny, Gino... for discussions on this
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Compare form-factor generated binned data without resonances
with similar data generated using resonances observed in B —
K¥f. Discrepancy will be a rough guide to errors because of
resonances. Full study under way.

Taylor expansion of form factors:

. GV 465G - gﬁ +0(82)

> G, > Qmax

" — = Qmax
Fa

£ + 67 +0(52)

Assume that relation is valid up to order

=> F M= ¢ IF'A(Z) and

2 1
(q2ax Gy = G5") = c qhax Gy
S p® = vZPD and PP = 7 p®
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The expressions for Ry in the limit ¢° — ¢2__ are

Imax

8App(—245" + A@
8 (242 —
Wo — W1
wor/wi — 17
36F + FI) \/ﬁFi” — A2

RJ— (qglax) —

_—8A(2)+4A( +3A ( ()+Fi1))

42457 — Apy)
3Ap(FL) + FiV)




Including the imaginary part

_ Vaaly [A9P1 +A8P2_A7P1P2’l} g,can easily be solved

(ro=—r)FoL3v2 4 37Cy in Z'erfms of A, Ag, Ao.
 V2aly [ Agrg +A8P2r” PR Note F free from the
(ro—r)FL3v2r, 4Piry  3zCy |

form factor F; and I';.

\/iﬂ'l—‘f I A9P17’0 +A81"“ _A7Pl}"0_

= i It leads to a modification
(ro=r))FL |3v2Pyr,  4ri  37C |

of the expressions for w4

@:d@+“h+4”

~_0) A1), 2(2) 50
=& +E0+E76

¢® = 260




Fits to form-factors derived observables




An analytic fit to 14-bin LHCb data using a Taylor expansion at q2,,, for the
observables F,, F |, Arg and As are shown as the blue curves. The +10 error bands are

indicated by light shaded regions. The points with the blue are LHCbH 14-bin
measurements. The fit near q2,,, is good, which is the relevant region for this analysis.
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0% (10-°) 0=)(10™

[ v | oo |
FL4—296+1374 1231+2054 —5.74 + 0.72

F, 6.82 + 1.75 —9.67 + 2.60 3.77 + 0.90

AFBl —30.66 * 2.38 26.86 + 443 | —4.04 +1.83

6.76 + 4.19 1.94 + 1.62

Ac l —16.56 + 2.36
factorization condition 2 A(Sl) = A%lB) holds at 1o

w; = 1.09 + 0.33 (0.93 + 0.36)
= —2.81 4 6.38 (—2.60 + 5.91)




1.92 + 2.44

‘ 34 £+ 1. 0.96 + 1.26

—1.99 + 1.45 74 + 2. 0.89 + 1.55

5 3
w; = 0.70 +£ 0.22(0.57 + 0.17)
w, = —8.73 + 104.42 (—6.77 + 70.17)

A(l) ZA( ) holds at 10
Values without imaginary part

w; = 0.71 4 0.22 (0.57 + 0.21)
= —8.50 + 96.81 ( — 7.65 + 87.16)




/) \
Very large contributions from RH currents are not possible, as they
would have been seen elsewhere = R;(g2.x) >0 21 < w; < w,

Estimate R, and R o with two approaches (results agree).

Randomly choose FL(l), F l(l),
Agg, Agl), Ang) and Agz) from a
Gaussian distribution central

value as the mean and errors
from Table.

We find a slope is nearly 0°,
indicating R, > Ry . The
deviation of slope from a 45°
provides evidence of a
contribution from RH currents.
Alternate approach is to fit R
and Ry with the two estimated
values of w{, w-.
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r/Cqo = 0.84 |

£=—0.83 +0.82
'=—0.90 + 0.28



r/Cqo = 0.54 |

£=—0.89 + 0.55
£=—0.61 + 0.30

Value of &é,&' reduced
by reducing rv/Cqy.
May also indicate the
existence of Z'




r/Cqo = 0.44 |

£=—0.91 + 0.46
£=—0.51 + 0.31

Value of &é,&' reduced
by reducing rv/Cqy.
May also indicate the
existence of Z'




Conclusion
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w values on account of K™

The finite width of the K can alter the position of the
kinematic endpoint Q2 .y value. We varied the q, 5 value
in the Taylor expansion of observables by including the
K* width of 50MeV. The observables w, and w, are
evaluated for each case and a weighted average over the
Breit-Wigner shape for a K™ gives

w; = 0.70 + 0.22 (0.57 + 0.21)

w, = —5.99 + 75.41 (—5.40 + 67.88)

Without K™ width effect
w; = 0.714+0.22 (0.57 + 0.21)

w, = —8.50 + 96.81 ( — 7.65 + 87.16)
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