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Why electroweak penguin decays?

¢ In SM allows only the charged interactions to change flavour.
o Other interactions are flavour conserving.

e One can escape this constrain and produce b — s and
b — d at loop level.

o This kind of processes are suppressed in SM — Rare decays.
o New Physics can enter in the loops.
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Tools

e Operator Product Expansion and Effective Field Theory

i=12 Tree
4G i=3-6,8 Gluon penguin
f 1% / / i i
Hepp = ——2VV™ Y | Ci(w)Oi(p) + C{w)Oi(n) | 77 Photon pengun
\/5 - i=9.10 EW penguin
left-handed right-handed i=S  Scalar penguin

i=P  Pseudoscalar penguin

where C; are the Wilson coefficients and O; are the corresponding
effective operators.
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LHCb detectqr - track|ng Int. J. Mod. Phys. A30 (2015) 1530022

SPD/PS
RICH2 M)
3

ECar, HCAL Mg M5
M3 -

e Excellent Impact Parameter (IP) resolution (20 pm).
= Identify secondary vertices from heavy flavour decays

e Proper time resolution ~ 40 fs.
= Good separation of primary and secondary vertices.

e Excellent momentum (dp/p ~ 0.5 — 1.0%) and inv. mass resolution.
= Low combinatorial background.
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LHCb detector - PID Int. J. Mod. Phys. A30 (2015) 1530022
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10°
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e Excellent Muon identification €,—.,, ~ 97%, €x—, ~ 1 — 3%
e Good K — 7 separation via RICH detectors, ex i ~ 95%,
€xrmi ~ 5%.
= Reject peaking backgrounds.
e High trigger efficiencies, low momentum thresholds. Muons:
pr > 1.76GeV at LO, pr > 1.0GeV at HLT],
B — J/pX: Trigger ~ 90%.
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Recent measurements of b — sl/¢

= Branching fractions:

B — Kp pu" 06047

Bg — ppu T Hep 09 @015 79
BT = 75t e reon ws
A — Ap—pt JHEP 06 (2015) 115
B — ppt Nature 15

= CP asymmetry:

BT - 7Tj:,u,_u+ JHEP 10 (2015) 034
= Isospin asymmetry:

B—Kupu" JHEP 06 (2014) 133
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= Lepton Universality:
BY — K*00  erims cow
= Angular:

BY — K*00 e 020016 104
B — K00 ero 86 03202

BY — bup e 09 oo o

A — Ap~p™ ep o6 ot s
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Recent measurements of b — sl/¢

= Branching fractions:
= Lepton Universality:

B — Kpup"  wos0am -
BY — ¢u~pt er 0o o o B* — K*Ul e con
= Angular:
BY — K*01  pross oz
B — K500 e 09 oty o
Bg — G0 ep 09 015) 79

Ab — AN_M+ JHEP 06 (2015) 115

BT = 75t e reon ws
Ay — Ap ™ e os o s
B — M_M+ Nature 15

= CP asymmetry:

BE — wtppt ee o oo o

= lsospin asymmetry: > 2 ¢ deviations from SM

B — Ku pt JHEP 06 (2014) 133
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Observables in B — K*uu

= The kinematics of BY — K*u~ut decay is described by three angles
0, Ox, ¢ and invariant mass of the dimuon system (¢2).
= The angular distribution can be written as:

1 d(r +T)
d(T' + T')/dg? dcosf; dcosfy, d¢

L2
= 32% [%(1 — F1,) sin” 0y,
P 2 1 2
+ Fp, cos® 0 + 3 (1 — FL) sin” 6, cos 20,
— F, cos? 0 cos20; + S3 sin? 0 sin? 0; cos 2¢
+ S4 sin 26 sin 26; cos ¢ + S sin 260}, sin §; cos ¢

+ %AFB sin? 0j. cos 0; + S7sin 20y, sin 6; sin ¢

+ Sg sin 20 sin 20; sin ¢ + Sg sin? 0y sin? 0; sin 2(15] 5
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Link to effective operators

= The observables S; are bilinear combinations of transversity ampli-
tudes: Ai’R, AL’R, Ag’R.

= So here is where the magic happens. At leading order the amplitudes
can be written as:

2m
VENmp(1 - §) [(CS“ +C5) F (o + Clo) + (5 + cs“’)} £ (Bcx)

" . 277
—V2ZNmp(1 - §) [(CS“ - ™)y F (Cro - Clo) + %(Ci“ - c;“’ﬁ €1 (Bgx)

Nmp(1l — 8)?

P [(cs“ — g™y F (Cro — Cf) + 2mp (5T — cs“’>] &) (Egex),
mK* S

where § = ¢2/m%, m; = m;/mp. The €|, are the soft form factors.
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Link to effective operators

= The observables S; are bilinear combinations of transversity ampli-

L,R L,R L.,R
tudes: A7 ,A” , Ay

= So here is where the magic happens. At leading order the amplitudes
can be written as:

2m
ALR = BNmp(1 - 8) [(CS“ +¢5) F (Cro + Clo) + =2 (€5 4 cs“’)} €1 (Exs)
R " " 21y,
AP = —VaNmp( -3 [(cs“ = €5 F (Cr0 — Clo) + 2 (CF" — c;“’)} €1 (Bgex)
Nmp(1 - 8)2 )
AR = B (et — g™y F (Cro — Clo) + 2y (€2 — 2 | & (Ben),
2mK*\/g

where § = ¢2/m%, m; = m;/mp. The €|, are the soft form factors.

= Now we can construct observables that cancel the £ soft form factors

at leading order:

/ Js + Js

Py = = =
20/~ (J$ + J5)(J5 + J3)
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BY — K*u~p*, Selection JHEP 02 (2016) 104

e PID, kinematics and isolation
variables used in a Boosted
Decision Tree (BDT) to reject
background.

* Reject the regions of J/ and
¥ (2S).

e Specific vetos for backgrounds:
A, — pKpup, BY — ¢, etc.

R [Gevic]

2011 + 2012 data
(mixed and randomised)

e Using k-Fold technique and signal
proxy B — J/i K* for training the
BDT.

e Improved selection allowed for finer
binning than the 1fb~! analysis.
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B — K*u~pt, Selection JHEP 02 (2016) 104

e Signal modelled by a sum of two Crystal-Ball functions.

e Shape is defined using B — J/y) K* and corrected for ¢>
dependency.

e Combinatorial background modelled by exponent.

° . R
Kn system. s b ]
o Beside the K* resonance there = 60 Ay —»pK-gm-; B, —u*w;
. . . “ BO* K 04y etc. ]
mlght might a tail from other 3 400 reduced to <2% of signal |
higher mass states. 5 [treated as syst]
o We modelled it in the analysis. 200 ]
o Reduced the systematic .
. . 05200 5400 5600
compared to previous analysis. (K7 ) [MeV/e?]

o In total we found 2398 + 57 candidates in the (0.1,19) GeV?
q? region.

e 624 £ 30 candidates in the theoretically the most interesting
(1.1 — 6.0) GeV?/c* region.
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Detector acceptance JHEP 02 (2016) 104

e Detector distorts our angular
distribution.

e We need to model this effect. )52 /101, 1.01Gevaret 1 ]
o] [18.0, 19.0] GeV2/ct

Efficiency

e 4D function is used:

e(cos 0y, cos Oy, ¢, q2) =

Z cijkiPi(cos ;) Pj(cos Gk)Pk(¢)B(q2),
ijkl

/ e\
[0.1, 1.0] GeV2ict ™

0.5 i
[ 18.0, 19.0] GeV?/c*
o We use up to 4" 5t 6" 5! order for i LHCIE R ki

F  simulation
the cos 6y, cos Oy, ¢, ¢°.

e 600 terms in total! ' T cos 6,

Efficiency

where P; is the Legendre polynomial of
order i.
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Method of moments Phys. Rev. D 91, 114012 (2015)

e Use orthogonality of spherical harmonics, f;(cos 6y, cos 6, ¢):

/fi(cos 01, cos Oy, @) - fi(cos by, cos by, @) = d;j

M — / d(l'+7T)
! d(T' 4+ T)/dq? dcost; dcosby, dg
Don't have true angular distribution but we "sample” it with our
data.
Therefore: [ — >~ and M; — ]\/4\Z
Acceptance corrections is included by:

fi (COS elv COs 9k7 ¢)

M; =

E w Zwefz COSQZ,COSHk,Qb)
[&

The weight w, accounts for the efficiency from previous slide.
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Control channel JHEP 02 (2016) 104

* We tested our unfolding procedure on B — J/i) K*.

e The result is in perfect agreement with other experiments and our
different analysis of this decay.

K LHCb | Leooool ' "LHCb |
2 B 5 K" % B’ — Iy K"
s 10 =
o0 F =1
< 40000/
g 108 g
E 3
-E 220000
g g
S 9}
L 5w Qs 0.85 0.9 0.95
m(K*m uty) [MeV/c?] m(K*m") [GeV/e2]
g anTa g LRy | E ' LHCH
S so00- B> Ik S B JyK™ & B — JyK™
z Z a
4 g
5 _§ 4000+ . = S WW
S S 2 ol ]
2000 = "é:
S
TN S S s s
] 05 0 05 - .5 .5 -2 0
cos O
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BY — K*puu results

- T
v LHCb ]
Il SM from ABSZ 1
I * Likelihood fit -
—%— o Method of moments
05 ; l <4 E

1 1
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2 [GevZcd]
Uj" N T T T ]
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| ‘% o Method of moments |
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BY — K*pyu results JHEP 02 (2016) 104

<E i I ] oF i I I LHCb I ]
0'5__ % 0'5__ ; H:i&ogfdlggmmts 7]
i T . i :
C-l VE 1 C*Y i [—%— 11 'H‘E"‘TI-
: LHCD : i T T
[ ’%‘ I SM from ABSZ i L —%— ]
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2 [GevZcd] 2 [GevZcd
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Results in B — K*pup JHEP 02 (2016) 104

= 0 L B L B S B B
a LHCb

2k E
SM fromDHMV ]
1 * Likelihood fit 3
Ir o Method of moments ]
o#: oL
e T e
2F .
E_. 1 " " " 1 " " " " 1 -

0 5 10 15
2 [GeV Y]

e Tension gets confirmed!
e The two bins deviate by 2.8 and 3.0 o from SM prediction.
e Result compatible with previous result.
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Results in B — K*pup JHEP 02 (2016) 104

e Thanks to Method of Moments there was the possibility to measure
a new observable Sg..

1

(/5%

0.5
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e Measurement is consistent with the SM prediction.
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BF measurements of B — K*O‘iuu JHEP 06 (2014) 133

| CSR Lattice -e-Data | CSR Lattice -e-Data
r‘ 5 T T T T __ F T T T T E
% B~ Ko 7 3 B~ K'u'p
o, LHCb § Q LHCb
k) 19 3
X 3 e
(=) 4 oo}
(=} ] ©
2o 4 13 ++
g t 1%
m 0 1 1 1 1 ] m 0 1 1 1 .
© % 5 10 15 20 ) 5 10 15 20
@ [GeVcd] @ [GeVcd]
— 20 -LC;SR Lzlaltice +Dlala | .
3 B~ K™y ]
O LHCb
® Despite large theoretical errors ° ]
. » 10 - 3
the results are consistently S -+- ]
. — sF b
smaller than SM prediction. o} e 3 5
m 1 1 1 1 J
S % 5 10 15 20
o [GeVcH]
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BF measurements of B! — ¢upu JHEPO9 (2015) 179

LB LHCb § & 8
'% 3 q S 16
T /i) + G
§ j:—%——l sﬁ"{ﬁﬂ%:g 6
TOE Bt P N
%Qh ]E_ *Dala(mde)—é 2 gt ]
:‘; 0= ; lIO 1I5 0 53 54 5.5
¢ [GeV?/c4] m(K*K ™ 1) [GeVic?]

Suppressed by 7

Cleaner because of narrow ¢ resonance.
3.3 o deviation in SM in the 1 — 6GeV?/c* bin,

Angular part in agreement with SM (S5 is not accessible).
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Measurements of Ay — Aup JHEP 06 (2015) 115

LHCb
[4.0,6.0] GeV¥/ ¢*

LHCb
[18.0.20.0] GeV¥/ c*

Candidtates per 30 MeV/c?
Candidtates per 30 MeV/c*

AB(A, > A 1)/ dg? [107(GeVety']
s o

: 233}‘ -+ LHCb

1
s

10 15 20

3800 o 5800 5000
42 [GeV¥c'] MApp) [MeV/c] M(Aup) [MeV/c?]

® |n total ~ 300 candidates in data set.
e Decay not present in the low ¢2.

® For the bins in which we have > 3 o significance the forward backward
asymmetry is measured for the hadronic and leptonic system.

8 05 T T T T e 1 T T T T
04F LHCb swmsion 3 < SE1LHCH SMpediion 3
= ~* Data 0:4 ~* Data 3
3 Hadronic asymmetry "'; _+_ } 3

04F
[ :2‘2: Leptonic asymmetry
L L L v . '
t m o 5 10 15 20

¢ [GeVch)
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LePton uni\/ersality test Phys. Rev. Lett. 113, 151601 (2014)

2=6Gev?/ct -
J o e )& (AB[B* = Kyt =) /dq?)d?

e Challenging analysis due to bremsstrahlung. <= "e=cwz =1£0(107)

o e (AB[B* — K+ ete~]/dq?)dq?

e Migration of events modeled by MC.

5 ——LHCb —®BaBar —*Belle

e Correct for bremsstrahlung. ol LHCb | | I

« Take double ratio with BT — J/pK™* to ] ]
cancel systematics. ! ; 1 S

e In 3fb~!, LHCb measures 05 E
Ric = 0.74550573 (stat.) L5036 (syst.) "

e Consistent with SM at 2.60. ¢ 1GeV/e’]

25

& [GeV3ic)
42 [GeVYet]

5000 52

m(K e*e) [MeV/cd]

20
/27‘
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Angular analysis of B — K*ee JHEP 04 (2015) 064

e With the full data set (3fb—!) we performed angular analysis in
0.0004 < ¢®> < 1 GeV?/c™.
Electrons channels are extremely challenging experimentally:

o Bremsstrahlung.
o Trigger efficiencies.

e Determine the angular observables: Fy,, A(TQ), ARe, Alm,

Results in full agreement with the SM.

Similar strength on C7 Wilson coefficient as from b — s decays.

Candidates / (0.2)
Candidates / (0.2)

8 8 & g
Candidates /(0.1x rad)
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Theory implications JHEP 06 (2016) 092

e A fit prepared by S. Descotes-Genon, L. Hofer, J. Matias,
J. Virto.
e Took into the fit:
o B(B — X¢y) = (3.36 £ 0.23) x 10~%, Misiak et. al. PRL 114, 221801
(2015)
o B(B — ppu), theory: Bobeth PRD 89, (2014), experiment: LHCb+CMS
average (2015)
B(B — Xguu), Huber et al Nucl Phys B802, 2008
B(B — Kpu), Bouchard et al JHEPTT (2011) 122
B,y — K*(¢)pp. Horgan et al PRL 112, (2014)
B — Kee, B— K*ee and Ry.

O O O O
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Theory implications JHEP 06 (2016) 092

e A fit prepared by S. Descotes-Genon, L. Hofer, J. Matias,
J. Virto.

e The data can be explained by modifying the C Wilson coefficient.

e Overall there is > 4 ¢ discrepancy wrt. SM prediction.

3o, PN 1 3F
v \ | Branching Ratios | Branching Ratios
ol Angular Observables (P) | > 1 Angular Observables (P;)
Al Al
1t 1 L
N\
)
Q. 1 oz ]
0 o 0 ;
\ y
-1 J -1
-2 -2
-3 il -3
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
e e
9 9

23
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If not NP?

e We are not there yet!
e There might be something not taken into account in the theory.
e Resonances (J/i), 1(25)) tails can mimic NP effects.

e There might be some non factorizable QCD corrections.
" However, the central value of this effect would have to be
significantly larger than expected on the basis of existing
estimates” D.Straub, arXiv:1503.06199 .

S

A8280000 E
'
22220000
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http://arxiv.org/abs/1503.06199

If not NP?

e We are not there yet!
e There might be something not taken into account in the theory.
e Resonances (J/i), 1(25)) tails can mimic NP effects.

e There might be some non factorizable QCD corrections.
" However, the central value of this effect would have to be
significantly larger than expected on the basis of existing
estimates” D.Straub, arXiv:1503.06199 .

““““““““““

9 (GeV?)
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http://arxiv.org/abs/1503.06199

There is more!

e There is one other Lepton Universality Violation decay recently
measured by LHCb.

B(B — D*tv)

B(B — D*v)

Clean SM prediction: R(D*) = 0.252(3), PRD 85 094025 (2012)
LHCb result: R(D*) = 0.336 4 0.027 4 0.030

HFAG average: R(D*) = 0.322 + 0.022

4.0 o discrepancy wrt. SM.

R(D*) =

~ 05

% E ™ Babar, PRL10S 10180202012) T ]
a [ = Belle. PRD92.072014(2015) AF=10
& 0451 LHCb, PRL115,111803(2015) 3

F - — Belle, arXiv:1603.06711
E — HFAG Average, P(¢%) = 67% ]
04F  — SMprediction =
035- N 3
A
E T~ 1
OBE 3
F R(D¥). PRDE50940252012) Lomeee 4
0. C L L 1 1

%.2 03 0.4 0.5 0.6

25
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Conclusions

Clear tensions wrt. SM predictions!

Measurements cluster in the same direction.

e We are not opening the champagne yet!

Still need improvement both on theory and experimental side.

Time will tell if this is QCD+fluctuations or new Physics:

26
/27‘
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Conclusions

Clear tensions wrt. SM predictions!

Measurements cluster in the same direction.

e We are not opening the champagne yet!

Still need improvement both on theory and experimental side.

Time will tell if this is QCD+fluctuations or new Physics:

"... when you have eliminated all the

Standard Model explanations, whatever remains,
however improbable, must be New Physics.”
Prof. Joaquim Matias

26
/27‘
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Thank you for the attention!

30 siides i 10
minutes... 1§ that
o Jore?,

1 hove no idea
what ERFCI stonds
for.. is it a.
Tatellite or a metric?

AL
really need to
make a dentist
appoLntment.

1 should coleulate
the r* value?
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Backup

28
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Theory implications

Coefficient Best fit 1o 30 Pullgy;  p-value (%)
o —0.02 [-0.04,—0.00] [-0.07,0.04] 1.1 16.0
cr —1.11 [-1.32,-0.89] [-1.71,-0.40] 4.5 62.0
oy 058 [0.34,084]  [-0.11,1.41] 25 25.0
[t 0.02  [-0.01,0.04]  [-0.05,0.09] 0.7 15.0
cyr 049 [0.21,0.77] [-0.33,1.35] 18 19.0
iy —0.27 [-0.46,—0.08]  [-0.84.0.28] 14 17.0
v =iy =021 [-0.40,0.00]  [-0.74,0.53] 1.0 16.0
P = —C}F —0.69 [-0.88,-0.51] [-1.27,-0.18] 4.1 55.0
cor =y —0.09 [-0.35,0.17]  [-0.88,0.66] 0.3 14.0
CoF = -Cly 020 [0.08,0.32] [~0.15,0.56] 17 19.0
CYF = —C}JF —1.00 [-1.28,—0.88] [-1.62,-0.42] 4.8 72.0
CNP — NP
Y op e =068 [-0.49,-049] [-1.36,-0.15] 39 50.0
==Cy ==Cly
CNP — NP
. —0.17  [-0.29,—0.06] [-0.54,0.18] 15 18.0
=C3F = =Cy

Table 2: Best-fit points, confidence intervals, pulls for the SM hypothesis and p-values for
different one-dimensional NP scenarios.
Marcin Chrzaszcz (Universitat Zirich, IF) PAN)
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If not NP?

e How about our clean P, observables?
e The QCD cancel as mentioned only at leading order.

e Comparison to normal observables with the optimised ones.

3 3
Angular Observables (S;) | Angular Observables (S))
2 Angular Observables (P)) of 71 Angular Observables (P,
] AlP) ) aney
1 10 P
o az
%0 ; T o
P |
| )
3 /
-1 ) / -1
-2 -2]
| TR T R S R S30
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
e o
9 9
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Transversity amplitudes

= One can link the angular observables to transversity amplitudes

J1s

Jo2s

J3

Js

J6s

J7

Jg
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4m

(2+87)
4

2
L2 L2 R |2 R 2 £ L 4R L 4R
[lAL 2 +14f 2 41472 +14f17] + 3 Re (Ah AT ¢ afaly

am?
AG 17414817 + 55 [l + 2Re(af AT D] + 67 1417,

ﬂZ
L 1AL 4 1A 2 1Al 41407 e = =67 [1A§ 17 +14517]
1 2 L2 L2 R2 R 2 1 9 L ,L* R ,R*
=B [1ak 12 —jaf 2 4 1aR2 - 1aR2] . ga= =67 [Re(ab Al + afial)]
2 V2
L 4L R ,R* s L 4% R*
V26, [Re(AO Al —afal") - T Re(afas + 4] As)] .
/e
me
26, [Re(Aﬁ’Aﬁ* - altal” ] , Joe = 48, Re(Af A% + A8 Ag),
q2
L,L R AR mpe L R
V28, [Im(AOAH " ARARY) + tm(AY A7 — AJ_*AS))] /
Ve
1
\/—555 [tm(afal ™ +afal")] Jo = 87 [1m(a} Al + A" AD)]
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Link to effective operators

= So here is where the magic happens. At leading order the amplitudes
can be written as (soft form factors):

AR = VaNmp(1-8) [(cs“ + CE) F (Cro + Clo) + 2 (cEtt 4 c‘;ff’ﬂ £1(Egx)
AP = —VANmp(1 - 3) [(cs“ 5™ F (Cro - Cho) + —<ce“ @“’)} €1 (Bxx)
N 1—35)2
AR 7% [(csff — sy F (Cro — C1) + 2y (CF — cs“’)] &) (B ),
P

where § = ¢*/m%, 1h; = m;/mp. The & | are the form factors.

Marcin Chrzaszcz (Universitét Zirich, IF) PAN) Anomalies in electroweak penguins at LHCb



Link to effective operators

= So here is where the magic happens. At leading order the amplitudes
can be written as (soft form factors):

AR = VaNmp(1-8) [(cs“ + CE) F (Cro + Clo) + 2 (cEtt 4 c‘;ff@} £1(Egx)
AP = —VaNmp(1 - 9) [(cs“ cs™) F (€10 — Clo) + —<C$“ @“’)} €1 (Exce)
N 1—35)2
AR 7% [(csff — sy F (Cro — C1) + 2y (CF — cs“’)] &) (B ),
P

where § = q2/mQB, m; = m;/mp. The §| | are the form factors.
= Now we can construct observables that cancel the £ form factors at

leading order: -
Js + J5

Pl =

20/~ (J$ + J5)(J5 + J3)
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B’ — K*u~p* kinematics

= The kinematics of B® — K*1~u* decay is described by three angles
0;, 0%, ¢ and invariant mass of the dimuon system (¢?).

= cos 0 the angle between the
direction of the kaon in the K*
(K7 rest frame and the direction
of the K* (K") in the B° (BY) rest
frame.

= cos 0;: the angle between the
direction of the p~ (u™) in the >t
dimuon rest frame and the

direction of the dimuon in the BO (b) ¢ definition for the B decay

(BY) rest frame.

= ¢: the angle between the plane

containing the 1~ and u* and the %
plane containing the kaon and pion N

N ) ¢ definition for the B“ decay
from the K™*.

a) O and §; definitions for the B decay
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B’ — K*u~p* kinematics

= The kinematics of B — K*u~ ™ decay is described by three angles
0;, O, ¢ and invariant mass of the dimuon system (¢?).

a1 9 |71 sin® 05 + 7 20k + (Jossin® 0y + J 2 05) cos 20
—_— = —_— | s S1n . COS & S1n . COS cos
dq? dcos 0 i dcos 0; doé 327 |1 K le K 2 K 2e K ¢

+J3 sin? 0K sin? 6; cos2¢ + J4 sin 20 ¢ sin 26; cos ¢ + J5 sin 20 i sin 0 cos ¢

+(J6s sin? O + Jse cos? O ) cos O + J7sin 20 sin 6; sin ¢ + Jg sin 20 ¢ sin 26; sin ¢

+Jg sin? 0 sin? ) sin 24 ,

= This is the most general expression of this kind of decay.
= The CP averaged angular observables are defined:

Ji + j@
(dT + dT") /dg?

i =

33
/27‘
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Link to effective operators

= The observables .J; are bilinear combinations of transversity ampli-
tudes: Ai’R, AL’R, Ag’R.

= So here is where the magic happens. At leading order the amplitudes
can be written as:

2m
VENmp(1 - §) [(CS“ +C5) F (o + Clo) + (5 + cs“’)} £ (Bcx)

" . 277
—V2ZNmp(1 - §) [(CS“ - ™)y F (Cro - Clo) + %(Ci“ - c;“’ﬁ €1 (Bgx)

Nmp(1l — 8)?

P [(cs“ — g™y F (Cro — Cf) + 2mp (5T — cs“’>] &) (Egex),
mK* S

where § = ¢2/m%, m; = m;/mp. The €|, are the soft form factors.
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Link to effective operators

= The observables .J; are bilinear combinations of transversity ampli-

L,R L,R L.,R
tudes: A7 ,A” , Ay

= So here is where the magic happens. At leading order the amplitudes
can be written as:

2m
ALR = BNmp(1 - 8) [(CS“ +¢5) F (Cro + Clo) + =2 (€5 4 cs“’)} €1 (Exs)
R " " 21y,
AP = —VaNmp( -3 [(cs“ = €5 F (Cr0 — Clo) + 2 (CF" — c;“’)} €1 (Bgex)
Nmp(1 - 8)2 )
AR = B (et — g™y F (Cro — Clo) + 2y (€2 — 2 | & (Ben),
2mK*\/g

where § = ¢2/m%, m; = m;/mp. The €|, are the soft form factors.

= Now we can construct observables that cancel the £ soft form factors

at leading order:

/ Js + Js

Py = = =
20/~ (J$ + J5)(J5 + J3)
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Symmetries in B — K*upu
= We have 12 angular coefficients (S;).

= There exist 4 symmetry transformations that leave the angular dis-
tributions unchanged:

L L
= () me= () o= (1)
II AR+) *Af* ’ Aé?*

r_ Un, — oL 0 cosf —sin6 coshif  —sinhif .
Rt ) e PR sin 6 cos 6 — sinh i0 coshif | -

= Using this symmetries one can show that there are 8 independent
observables. The pdf can be written as:

1 d(r +T)
d(T' + T')/dg? dcosf; dcosfy, do

2
= 32L_ﬂ_l:%(l—FL)sm O
P

+ F, cos? 0 + %(1 — F1) sin? 0} cos 20;

— Fr, cos? 0 cos20; + S3 sin? O sin? 0, cos2¢
+ S4 sin 260y, sin 26 cos ¢ + S5 sin 26y, sin 6; cos ¢
+ %AFB sin? 0}, cos 0; + S7 sin 20y sin 6; sin ¢

+ Sg sin 26 sin 26; sin ¢ 4 Sg sin? O sin? 0) sin 2¢] .
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