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Motivation

— b — sy~ decays are interesting indirect probes of physics Beyond the SM
(BSM)
— suppressed in the SM by GIM mechanism and ae
— BSM physics need not compete with large SM contribution

— presently: puzzling experimental anomalies

— fits of B — K*u ™t~ angular observables at odds with SM at the ~ 40 level
[LHCb JHEP 1602 (2016) 104]  [Descotes-Genon 1510.04239]  [Beaujean EPJC74 (2014) 2897, err. ibid]

— anomaly shifts coupling to vector lepton current (Cq), while the shift in the
axialvector lepton current is compatible with zero (C,,)

— C4 receives poorly-understood hadronic contributions from charmonium
intermediate states

- Np — At~ offers

— independent confirmation of results: same b — syt~ operators, different
hadronic matrix elements (incl. charmonium contributions)

— doubly weak decay: complementary constraints on b — su™*u~ physics with
respectto B — K*utpu~

therefore interesting to study impact of A, — At~ on these fits
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Ay — N\ Hadronic Matrix Elements
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Ay — N\ Hadronic Matrix Elements
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Fit Inputs [Meinel/DvD ZU-TH-7/16]

experimental constraints

- B— Xsf+€7 (f =8, ,u) branching ratio [BaBar PRL112, 211802(2014)] [Belle PRD72, 092005(2005)]
— Bs — utpt branching ratio [CMS+LHCb Nature 522, 68(2015)]
- Np — /\pﬁruf [LHCb JHEP 06, 115(2015)]

— branching ratio B, three angular observables: Fy, Afg, Ay
— integrated over entire low recoil bin g2 > 15 GeV?, denotes as (-)15,20

theoretical inputs

updated A, — A form factors [Detmold/Meinel 1602.01399]
— first calculation of full set of 10 form factors
— Lattice QCD expected to work as well as for B — K form factors
— full correlation information available
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Fit Scenarios (Meinel/DvD ZU-TH-7/16]

Carry Out BayeSIan f|t |n thl’ee Scenal‘IOS USIng EOS [http://github.com/eos/eos DvD/Beaujean/Bobeth]

SM(v-only) only fit free-floating nuisance parameters (form factors, CKM, . ..),
keep Cq 1o at SM values

(9,10) in addition to nuisance parameters also fit Cq 19

(9,9',10,10’) in addition to nuisance parameters also fit SM-like Cq 1, contribution
and BSM-like Cy/ 4o/, Which have flipped quark chiralities

goodness of fit criteria for each scenario:
— x? and p value at best-fit point

for model comparions (Bayes factor), for each scenario:

— evidence, obtained through black-box algorithm for adaptive importance
Sampling [Beaujean PhD thesis]
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Fit Results: SM(I/-OI‘I'y) preliminary!
Pull value [o] goodness of fit
Constraint sMe-ony) | (910) | (0.9,10,10) - x2=13.4for7d.of.
No = A~ — pvalue: 0.06
Bliszo +0.86 — a-prior threshold: 0.03
(Fo)1s,20 +1.41 — barely acceptable
£
(Ara)isz0 a13 — one pull above 30!
(ARg) 15,20 —0.26
Bs — ptp
deB(‘r) ‘ -0.72
B — Xslt0~
(B)1,6 (BaBar) +0.47
(B)1.6 (Belle) +0.17
X2 at best-fit point
13.40
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Fit Results: (9,10)

29.02.2016

preliminary!

best-fit point:
- B K*utp=: ClP ~ —1
— our fit prefers CJ'* ~ +1.5,
C%P ~ 41

lines: 68%, 95% prob. regions (incl. only)

areas: 68%, prob. regions (all data)
4: SM point x: global mode
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Fit Results: (9,10)

Pull value [o]
Constraint sM-ony) | (9,10) (9,9',10,10")

Ao = Ap' ™

(B)15.20 +0.86 -0.17

(Fo)1s,20 +1.41 +1.41

(Atg)15.20 3.13 2.60

(Afs)15.20 -0.26 ~0.24
Bs — ptp

JarBr) | o072 4075
B — Xsp™p~

(B)1,6 (BaBar) +0.47 —0.26

(B)1.6 (Belle) +0.17 —-0.35

X2 at best-fit point
13.40 9.60

29.02.2016

preliminary!

goodness of fit:
X2 reduced to 9.60, only 5 d.o.f.

p value: 0.09
— acceptable
Atg pull reduced to below 30!

CéVP ~ 1 driven by <B>15720

model comparison:

posterior odds compared to
SM(v-only) are 1:158

— decisively in favour of SM(v-only)

Page 8



Physik Institut

Fit Results: (9,9°,10,10°)
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Fit Results: (9,9°,10,10°)

Pull value [o]
Constraint sMe-ony) | (910) | (0.9,10,10)
Ao = Ap' ™
(B)15.20 +0.86 -0.17 —0.08
(Fo)1s,20 +1.41 +1.41 +1.41
(Afg)1s.20 3.13 2.60 +0.72
(Afs)15.20 -0.26 ~0.24 ~1.08
Bs — 'ty
[arB(7) —0.72 +0.75 +0.37
B — Xsp™p~
(B)1,6 (BaBar) +0.47 —0.26 —0.10
(B)1,6 (Belle) +0.17 —-0.35 -0.24
X2 at best-fit point
13.40 9.60 3.87
29.02.2016

preliminary!

goodness of fit:
— x? reduced to 3.87, only 3 d.o.f.
— pvalue: 0.28
— good

model comparison:

— posterior odds compared to
SM(v-only) are 1 : 10°

— decisively in favour of SM(v-only)
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Conclusion

— the decay Ap — A(— pr~ )uTu™ yields powerful constraints on b — su™tp™
Wilson coefficients

— independent check of the tension in B — K*putu~
— complementary information to existing B — K*u* ™ constraints
— same level of constrainting power as first LHCb data on B — K*u*pu~

— theory status

— low recoil: competetive with B — K*u+p~— at low recoil
— large recoil: much work ahead!

— our nominal fit prefers C5F ~ +1.5, CN ~ 41
— compare B — K*ptp=: CP ~ —1
— SM still wins in model comparison with at least 158 : 1
— large pullin A%y likely statistical fluctuation, looking forward to update after LHCb
run 2

Np — Ap™ ™ ready for inclusion in global fits!

29.02.2016 Page 11



University of

Zurich™
Physik Institut

Appendix



) University of
Zurich™
Physik Institut

Kinematics and Decay Topology
As(p) — A(k) [ p(ki) 7~ (k)] €7 (a1) € (q2)
3 independent decay angles

only for unpolarized Ap

—cosOp ~k-q
polar (helicity) angle in A rest

w
1 1
o /
."' I"
0 ! 0\
LA\ A\ frame
- > 7 _
/ ! — cosfy ~k-q
! ! polar (helicity) angle in £+¢—
/ ! rest frame
1 1 p—
/ / - cosp ~k-q
i T azimuthal angle between decay
planes
where kK = ki — k2, G=q1 — @2
Appendix (13)
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Angular Distribution of A, — A[— pr— (10~

we define the angular distribution as

8m d‘r

3 dg?dcos 6, dcos fp de
when considering only SM and chirality-flipped operators

= K(q?,c0s0;,c0s 0, )

K=1 (mSS sin? 0, + Kioe 082 0, + Kic cos 0()

+ cos O, (Kgss sin? O + Koo cos? ) + Ko cos Oe)

+ sin O Sin¢< Ksse Sin 6 cos 0y + Kss sin @y )
+ sin O cos¢( Kasc Sin 0y cos 6y + Kyssin by )

no further observables possible up to mass-dimension six Kn = Kn(G%)
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Angular Observables
— matrix elements parametrized through 8 transversity amplitudes A;M

AR AR AR AR and (R L)

A dilepton chirality
X transversity state, similar as in B — K*¢+t¢~
M |third component| of dilepton angular momentum

29.02.2016 Appendix (15)
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Angular Observables

— matrix elements parametrized through 8 transversity amplitudes AiM

AR AR AR AR and (R L)
A dilepton chirality
X transversity state, similar as in B — K*¢+t¢~
M |third component| of dilepton angular momentum
— express angular observables through transversity amplitudes, e.g.

1
Kice = 5 [|AT, * + |A[, [ + (R ¢ L)]

Koe =

N O NI

[IAT, 17+ |Af [ = (R ¢ L)]

«: parity violating A — p7 ~ coupling

full list of observables in the backup slides

29.02.2016
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A — N7 Hadronic Matrix Element

— A — Nm is a parity-violating weak decay
branching fraction B[A — Nx] = (99.7 =+ 0.1)% ipoc, our naive averagel

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

— decay width ',
— parity-violating coupling «

— within small width approximation, I'x cancels

a well known from experiment: a,,,— = 0.642 4 0.013 P0G average)
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Ay — N(— Nm)*¢~ Angular Observables

1
Kiss= 5 [|A’j1 P+ |AR 2+ 2/AR 2+ 2/AR 24 (R ¢ L)}

II4

1
Kice = 5 [1A%,12 + 1AF P + (R & 1)
Kio = —Re (AﬁAﬁf ~(Re L))
o * *
Kess = =5 Re (AiAHf +2A% AR 4 (Re L))

Koo = —aRe (Aﬁ1 AR+ (R L))

«
Koo = 5 [IAT, P+ 1AF P = (R & 1)]

Kase = 7% Im (A% A% — AR AR+ (R L))
Kas = 7% Im (AiAﬁf ~ARAR L (R L))
Kiso = % Re (AE‘ AR — AR AR 4 (R L))
Kis = % Re (Aﬁ1 AR AR AR (R4 L))
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Observables at Low Recoil

— 3 forward-backward asymmetries: Afy, ARy, AL
— rate of longitudinally-polarized leptons: Fy
— LHCb has measured them with the exception of A%

Sensitivities to Wilson Coefficients C;,Cqy,C;q

Fo ~ pi ~ |Cro £ Cprgr P +1Cro £ Cyr
Afg ~ Refpa} ~ Re{C74Cio — C719/Cio }
Afg ~ ng,t ~ Re{(C7g £ C719/)(C10 £ Cyo/)}
Afg ~ Re{pa} ~ [C7ql? = [Crrgr 7 + 1C1ol* = Cyor 2

- pE, pp also arise in B — K*)¢+¢~ decays
- psi, p4 provide new and complementary constraints on Wilson coefficients!

— pg » p4 also emerge in non-resonant B — Krlte~
[Das/Hiller/Jung/Shires 1406.6681]

29.02.2016
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Simple Observables

start with integrated decay width
I = 2Kiss + Kice

define further observables X as weighted (wy) integrals

1 a’r
X == _ cos 0y, cos Op, ¢p)d cos Oy, dcos by d
F/dcosegdcos&\dcbw)(( ‘ n @) ¢ ndé

A leptonic forward-backward asymmetry
3 K
13 1c . .
= with w = signcos 6
re 2 2K1ss + K1cc Aé‘B 9 ¢
B fraction of longitudinal dilepton pairs
_ 2Kiss — Kico

Fo= —"F"7—
2Kiss + Kice

with wr, = 2 — 5c0s” 0,

29.02.2016 Appendix (19)
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Simple Observables

start with integrated decay width
I = 2Kiss + Kice

define further observables X as weighted (wy) integrals

1 a’r
X == _ cos 0y, cos Op, ¢p)d cos Oy, dcos by d
F/dcosegdcos&\dcbw)(( ‘ n @) ¢ ndé

C hadronic forward-backward asymmetry

O 1 2K2ss + Kch

= = with w = sign cos 6
FB 2 2K1ss + K1cc A%B 9 .

D combined forward-backward asymmetry

3 Kac

an 2 Mo
BT 4 2Kyss + Kice

with w,, = signcos 0, signcos 6,
AFB
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