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Radiative and Dileptonic b — s Operators

Radiative and Dileptonic b — s Operators

07(/) = [§0'W)PR(L)b]F;u/ f}/ H-I— ‘U,_
Ogy = [37"Pu(ryb][l,f]
Owry = [B*Pumblllvsd b s b S

Effective Hamiltonian
4Gg

\f

Note: We write C; = C?™ + CX":

Wi = — Vib Vi |C7O07 + C7:O7: + CoOg + Co Ogr + C10010 + 010/010/}

CSM = —0.29, C3™ = 4.07, (53 = —4.31, CM ~ 0
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Radiative and Dileptonic b — s Operators

How to Measure Radiative and Dileptonic Operators?
1. Identify decay modes and observables most sensitive to such ops

Decay modes for b — sy and b — s/

B — Xsy B — X4 B, — ¢t~
B — K*y B — K*¥/ B — K

Compute the observables in the effective theory
Compute/fit/estimate/get all non-perturbative parameters.
Fit the data, extract CL intervals for the Ci(myp).

Interpret the results.

Gl o

Note: We will fit directly to C;™"(my)
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EFT Amplitudes & Observables :  BR(B; — (7(™)

L = Loep+acp + C [57" Puryb] [Py,6] + g (59" Pu(ryb] [Pr750] + -+

/ F Al = ) (2e)y,.£10) (0137" Py(ryb|Bs) = 0 + 0(a)
B ~pp=p) +p§
\ / l Contributions from O7 and other 4-quark ops are zero like .A(g/).

— AD = 8 (201,75£10) (0[5 Pu(ryb| Bs) = Fifs.C Y me [Bevsv]
- Z | A1o + Aj|* = 21, mBsmg C10 — Ciol?
spins

2 .3 2
TBS st mBs m[ 4m£

s BR(Bs — (7)) = |C10 — C1of?

2
8 myg,_ mBs
Note: Contributions from (pseudo)SCALAR operators are not helicity suppressed.
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EFT Amplitudes & Observables : B — K()y()

L = Lqoep+qcp + C7[50" Prb| Fp + Co [57" Prc] [ey" PLb] + - - -

C7 contribution: A7 = C7 (K} |50, Prb|B)gte§ = C7 Tx(q?)
C> contribution: Ay =C5 - €)' / dx*e (K| T{j/‘jE(X)Og(O)}\B>

Note: There are similar contributions from Og and other 4-quark ops.
These operators are contained in what we call H}};}‘l.
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EFT Amplitudes & Observables : B — K/

AY) = c§) (20|12, 10) (K |57 Pyl BY = CS F.(q?) [Gepvs]

AQ = € (2012, 75£10) (K |57 Pu(ryb| B) = €3 £ (¢?) [Gebrs vl

fr(e®)
AP = (T,10) —; KlSa,0™ PryplB) = ) T[]

Anad = K(q*)[Gepvg]
A(B — K(,('_) = ag [L_lgyfvg] + aio [L_lg;zf")@VE]

ag = (Co + C4) £ (¢?) + (C7 +C5) 2L 1 KC(q?) i a10 = (Cao + Clo) £+ (dP)

mg+mg

dr "o
ds13 dsy3 ~ 28, 3(|39| + |a10[%)s13523
Where s13 = 2p; - pi/m?, $3 = 2p; - px/m%  —  s12 = q2/m}

Javier Virto (U. Siegen) b — s Observables and Fits 02.06.2014 6 /21



B — K*(— Kn)¢*¢~ and its Angular Distribution

Structure of the Decay Amplitude

“Semileptonic” contribution —— New Physics
<K*€£|09(/) 10(/)‘B> = <€+€_\Z’yu(’y5)€|0><K*|§’y/"PL Rb|B> ~ F-B—>K*(q2)
(KLU T {jemOr0 }|B) = (€€ |£7,£|0) % (K* |50+ PR 1b|B) ~ T**(q?)

A = Z fi(C70, Conr, C1o0 ) X (Form Factor);

“Hadronic” contribution — QCD  [C12,C8,C3.456]

5 e iq-x * o ha
A — [y tl0) [ e (K T (O B) é

2 main problems:
1. Precise determination of Form Factors (LCSRs, LQCD, ...)
2. Computation of the hadronic contribution (SCET/QCDF, OPE, ...)
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B — K*(— Kn)¢*¢~ and its Angular Distribution

Optimized Observables

Several Form Factor ratios can be predicted:
e At large recoil — SCET
o At low recoil — HQET

Charles et.al. hep-ph/9812358, Beneke, Feldmann, hep-ph/0008255

Grinstein, Pirjol, hep-ph/0404250, Bobeth, Hiller, van Dyk

Example SCET relation at large recoil

e"q"(K*|50,, Prb|B)
= — 1+ O(ae, A
img (K* [3¢* P_b|B) + Olas, A/ m)

This allows to build observables with reduced dependence on FFs.

=) . . Matias, Mescia, Ramon, JV — 1202.4266
Opt'm'zed Observables at large reCOIl Descotes-Genon, Matias, Ramon, JV — 1207.2753

J3 J6s / J4
P, = P> = Pl = ——
1 2./25 2 8-/25 N Vv _J25J2c
PR P pp— %
> 2\/ _J25J2c o 2\/ _J2sJ2c 8 \% _J2sJ2c
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Fitting the data: Set of data and pulls

Observable Experiment  SM prediction Pull
(Pi)o.1.2) —0.1975:40 0.0077504% 0.5
(PL)2,4.3) —0.2975°53 —0.05175%%8  _04
(Py)[4.3,8.68] 0.3675:3% —0.117759%  +15
(P16 0.15353° —0.05575%41 405
(P2)[0.1,2) U-U3t3:ié 0-1721%‘32(1) -10
(Po)pa3 0.5072:09 0.23470080 429
(Pa)(1.35.68 —0.2570 08 —0.407550%9  +1.7
(P2)p6 0.33%01% 0.084700%  +1.8
(P12 0.0075:32 —0.34279931 407
(PD)2,0.3 0.74755% 0.56975%%3  +0.3
(P{){a.3,8.68] 1.18390:28 1.00375:928 406
(PDe 0.587532 0.555709%  +0.1
(P)o.1,2) 0.45792% 0.5337001  —0.4
(P3)i2,0. 0.20%040  —0.334759%7 116
(P5)a.3,8.68] —0.19%058  —0.8727005%  +4.0
(P)ne 0211320 _0349700% 495
(Pho.1,21 0241028 —0.0847503% +16
(Pi) 2.3 —0.151538 0.098100%  —0a
(P§)[4.3,8.68] 0.0475:18 —0.027559%  +0.4
(PE)nel 0.18%5:2t —0.089%0012  +1.3
P02 —0.1270:%8 0.03773%37 0.3
i
’ - +0.34 +0.054
{Ps)a.3,8.68 0.587 058 0.020Z5,055  +1.5
{(Pi)p,e 0.4615:38 0.06375:0%2 11,0
(Ars)0.1,2 —-0.027015  —0.136100%  +038
{AFB) (2,49 —0.2013%8 —0.081139% 1.1
{AFB)[1.3,8.68] 0.1675:5¢ 02207013 —0.5
{Arn)8) —0.177gg5  —0.0357503;  —2.0

Javier Virto (U. Siegen)

Observable Experiment  SM prediction Pull
P1)14.18,16 0.07%5:28 —0.3527058%  +0.6
[ ] 0.28 0.468
{(Prhas 19 —0.71%5:38  —0.6037G35  —0.2
Po)14.18.16 —0.5070-03 —0.4497013¢ 14
[ ] 0.00 0.041
Po)pas 10 —0.3215%8 —0.3741015  +0.3
[16,19] 0.08 0.126
Pi)14.18,16 —0.18+5:34 11615333  —2.1
[ ] 0.70 0.332
P}6 10 12631518 11
[16,19] 0.248
{Ps)p1a.18.10) —0.77970385  +0.0
{Pe,s) —0.60170:282  +0.0
PiYnaisae 0.18%0-2% 0.000700%  4+0.7
[ ] 0.25 0.000
{P§)s,19) —0.31%5-38 0.000753% —0.8
Pi)naisie —0.40+5-%9 —0.015795%  —0.6
[ ]
(P)ps,19) 0125537  —0.008I5557  +0.2
ArB)[11.18,16 0.51%007 040477797 +0.5
[ ,16] 0.05 0.191
{AFB) 16,191 0.30%593% 0.36015:2%  —0.3
10 Bp_.x,y 3.43 £0.22 3.15+0.23 +0.9
10°Bs_x, . p 1.60 £ 0.50 159011  +0.0
10° Bg, —pt 2.9+08 3.56+0.18 —0.8
Ar(B — K*y) 0.0524+0.026  0.041+0.025 +0.3
Sk —0.16 £ 0.22 —0.03+£0.01 —0.6

S. Descotes-Genon, J. Matias, JV — 1307.5683
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Fitting the data: Set-up

Strategy:

We fit to 47 observables by means of a frequentist x? approach.

Observables included in the analysis
BR(B — Xs7), BR(B — Xst™ 117 )Low 2
BR(Bs — utpu~), Ai(B— K*™y), S(B— K*™)
B — K*utu™: (P1),(P2),(P4), (Ps), (Pg), (Pg), (Arm)
in several different bins

Observables not included in the analysis

B— Kutu=, Bs— o¢putp~, B— Xsutp~ @ Large ¢°, ...

not considered for different reasons
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Fitting the data: RGSUltS S. Descotes-Genon, J. Matias, JV — 1307.5683

General Fit

Coefficient lo 20 30

(5 [-0.05,-0.01] [-0.06,0.01] [-0.08,0.03]

e [-1.6,-09] [-1.8,-0.6] [-2.1,-0.2]
10 [-0.4,1.0] [—1.2,2.0] [—2.0,3.0]

o [—0.04,0.02] [-0.09,0.06] [—0.14,0.10]

Cy" [—0.2,0.8] [—0.8,1.4] [—1.2,1.8]

Cloy [—0.4,0.4] [-1.0,0.8] [-1.4,1.2]

o Negative values for (CJ'7,Cg") favoured at > (10,30).
e Large-recoil only — effect enhanced (Cg* ~ —1.6).

e Only [1-6] bin: Same pattern, less significance.
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Fitting the data: RGSUltS S. Descotes-Genon, J. Matias, JV — 1307.5683

C;"- Cy" Scenario

T T T T T T T T T T T T
4} 4 4F boosy, B, B X, 4
W s cL Su. 10 55,57, So. A Fy W oecn
[ ss5%CL [ esswcL
[ 97%CL [0 ewrwcr
2 B i”7 Includes Low Recoil data 2F i 1

1 Includes Low Recoil

["] only [16] bins Pisin [1,6] bins

NP
9
o

Zo 0
)
2t . ot |
_al - P // ] ;i 1\ - P J/ ]
-0.15-0.10-0.05 0.00 0.05 0.10 0.15 015 2010 —005 000 005 010 015
P ar
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Summary so far

e A global fit to b — sy, b — suu observables including the latest
data on B — K*puu angular observables shows some level of tension
w.r.t the SM, pointing (mostly) to a large NP contribution to Cg.

S. Descotes-Genon, J. Matias, JV — 1307.5683

e This has been later confirmed by other groups

4 T T T T 5 T T T T T T
4 i
3k ]
: 3r 2 |
2f o ] ok S ]
5 i i i <3
1k i
1k : H 1
H i of ]
i SM
0F e 4 ik |
—11 é :; tll é P S S S R S R
Re(CYP) G CE*
Altmannshofer, Straub 1308.1501, Beaujean, Bobeth, van Dyk 1310.2478, Horgan et al. 1310.3887
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ISSUES

1. Factorizable power corrections.

2. Theory correlations and Form Factors.

3. Non-factorizable corrections  (K(g?) and cc-loop).
4. Binning.

5. Non-resonant backgrounds.
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Excluding the [4.3,8.68] bin

ar Il 83%CL ) ar W 83%CL )
[ %s5%CL [ 9s5%CL
[ 9.7%CL [ 97%CL
2F 177 Includes Low Recoil deta 2F 1 incudeslastbin
["] only [1,6] bins [] only [1,6] bins
%, 0 %, 0
2} ] 2t \ ]
-4t 1 -4t 1
-0.15-0.10 -0.05 0.00 0.05 0.10 0.15 -0.15-0.10 -0.05 0.00 0.05 0.10 0.15
cP P
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Factorizable Power Corrections

Jaeger, Camalich Descotes-Genon et al
B i T T
0.8 o’ 0.8~ Lﬂcb =1
o ] Neh{ 0.6} l’rtllmmuw [ -
o4 | | 8Bjp, 0.4 + 4 Data i
02 aals ]
Fe, ° t of— _ RN
“ne + 0.2~ .
=a4 0.4 .
-0.6 0.6 _+_ .
=5 0.8 + -
- . 4 g L - : 0 15 20
q? [(GeV® } a7 [GeVic4)
o,; o’ gl - SM Precictions. .
0.8 0.6 ary _+_ — 4
0.4 0.4 l —
0.2 - 0.2 I —
Py, o B o T e -
-0.2 02 —
~-0.4 :.: - -
it Pt N
=1 2 4 6 ’ ; : Vé
GeV7/
. & [GeV?] % . . q* [ ]
0.8
os —" —
0.2| I p
A7e o E
-0.2
s <ost-\ 3
2 LHCb
e 1 . { T . N
=1 o 5 10 15 20
2 4 & 8
i GeV3c
Slide from A. Kagan & [GeV?] q? [GeV3/c')
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Factorizable Power Corrections

>
A= |CE+Y(P)+ clio] V(q?) + % [C# Ti(q?) + T”f}

Possibilities:
1. “Munich” approach: V| T1,Ag 12, 123 from LCSRs, 7" from QCDF
» Little scheme dependence.
» No factorizable power corrections.
» No ‘“clean” observables: correlations among Form Factors crucial.
2. “Aachen” approach: V, T1,Ap 12, T23 — &1, ¢, 7" from QCDF
» “Clean” observables at work.

» Factorizable power corrections.

» Scheme dependence (£1,§))) < (V, A1 — A2), (V, Ao), (T1,AD), etc.
“Measure” of symmetry-breaking power corrections.
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Factorizable Power Corrections

Jager, Camalich 2012: First attempt to more serious estimates of the
effect of Fact.PCs in B — K*{{ observables.

Idea: The amount of breaking of large-recoil Form-Factor relations as
computed from non-perturbative methods (LCSRs, DSE..) measures
Factorizable PCs.

Our position: We like the idea!

e Not just estimate an absolute error: compute central values and +.

o Careful: Deviations among different non-perturbative determinations
are not a measure of power corrections.

e Our approach: Compute central values for Factorizable PCs within

each LCSR determination . in different for soft FFs,

to get a more clear picture of the effect of PCs on the observables.

Without precise theoretical correlations among different FFs and different
determinations, this is the best one can do.
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Factorizable Power Corrections

V(s) = (14 mx«/mg) &L
Scheme 1: N )
Ti(s) = &L +AT* +an + br,(s/mg) + cr,(s/mg)
100 o srroe ] e ar, =47, £0.1Tq, etc.
05 : e 1o Determine errors from FF
T i should be equivalent to
- “Munich” approach (?
© 00 | pproach (?)
| e Are some schemes better
—-05f ] than others?
e If we have all theory
—-1.0! ] correlations: do we need
0 2 4 5 8 clean observables?

?(GeV?) e We need to compute PCs.
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Factorizable Power Corrections

Form-Factor correlations and clean observables:

g (K* |50, Prb|B)

' s = 1+ 0O(as) + O(A/m
img(K=[5¢" P(b|B) |cpr (as) + O(N/my)
e"q"(K*|50,, Prb|B)  pin

img(K*[3¢* PLbIB) || o

Questions:

e Is R—1— O(as) compare with the expected size of PCs?

e Is A "too large”? (whatever that means)
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Hadronic effects are process-dependent, Cgy is not — need to study many
other exclusive modes, some examples:

o Bs — putu~ Horgan et al. 1310.3887; Hiller, Hambrock, w.i.p.
o N\p — /\,u"‘,u_ Boer, Feldmann, van Dyk, w.i.p.

N decays weakly (A — pr), s = 1/2, diff. ang. dist than B — K*.

T
3
S
S~
-
5
2
=
o
'U
~
o)
<
;
12 14 16 18 20
¢* [Gev?]
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Hadronic effects are process-dependent, Cgy is not — need to study many
other exclusive modes, some examples:

o By — putu~ Horgan et al. 1310.3887; Hiller, Hambrock, w.i.p.
o Ap— AN p™ Boer, Feldmann, van Dyk, w.i.p.

N decays weakly (A — pr), s = 1/2, diff. ang. dist than B — K*.
o Qp—Q ptu w.i.p.

Q~ decays weakly (2= — AK™), s = 3/2, diff. ang. dist.
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