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Radiative B decays

» FCNC with a final state photon
* The b — sy transition occurs through a penguin loop

* In the SM, the photon in b — sy transitions is
mostly left-handed



Photon polarisation in SM b — sy transitions

* The decay amplitude for b — sy transitions is proportional to:

Gr
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Coupling to left-handed photon  Coupling to right-handed photon

[arXiv:1206.1502]

* In SM, Wilson coefficients C, and C,. are such that:
C,/C;,=2m/my = 0.02

* The photon polarisation parameter A, is defined as:

Ay

|G = |Cr )P

G+ 1CrP?

In SM, A,=1 (with corrections of
O(m?,/m?,)) for decays of a B* meson
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Photon polarisation: a probe for NP

* NP processes could introduce right-handed
currents, hence moditying the photon

polarisation (e.g. Charged Higgs models as in arXiv:1208.1257v2)

* The measurement of the photon

polarisation is a test of the SM but
it has not been done yet

. I\/Iaybe some new penguins around |
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Why do we need 3 hadrons in the final state?

Minimum number of tracks needed to build a P-odd quantity
proportional to the photon polarisation using the final state
momenta

SR — —>
n=pxp2




B*—K* . (Kmm)y decay rate

res

* Decay rate for the B*— K* . (»K*rrnt*) y decay:
[Gronau et al, PRD66 (2002) 054008]
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B*—K* . (Kmm)y decay rate

res

» Decay rate for the B*— K*

res

(»K*rmt*) y decay:

[Gronau et al, PRD66 (2002) 054008]

Ck,L

weak Astrong

@ Astrong
P

dI'(B — Knny) =

—~ m m—mk—zmkrk ~——m2 —imy T
|cweak 2 |CLeak| ‘07‘2 ‘07‘2
Icwea,k 2 + |C\17_Jveak|2 |C/ |2 + |C7|2 T’Y

Photon polarisation parameter
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How to access A, in B*—=K* . (Knm)y decays ?

res

In the case of a single 1* resonance:
[Gronau et al, PRD66 (2002) 054008]

dI'(B — Knmy)
dsdsi3dsoz dcosb

interference !

x %|j|2(1 + cos? 0) + A cos 6Im|7i - (j:\x j*)]

invariant mass
dependencies

N
/

K

=)

/I
res \

CAGEA)

where s stands for m2(Knr), s,5 for m?(Km) and s,5 for m?(rm)
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Adding resonances is not so simple

Adding more resonances (1%, 2%, 17), the formula gets complex:

dl’
ds13dsosd cos 6

1. 1 L 1
+ |BJ? {Z|K ?(cos® 0 + cos® 20) + =\, Im[7i - (K x K *)] cos 6 cos 20} + |C’|2§ sin” 6

1, - 1 L
= |A? {Z|J|2(1 + cos? 0) + §A71m[ﬁ- (J x J*)] cos 9}

2
+ {%(3 cos? § — 1)Im[AB*7 - (fx K*)] - )\VRe[AB*(f- K"*)] 00836}

[Gronau et al, PRD66 (2002) 054008]

As the K*rtmt* system is not known, simplification is needed !
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How to access A, in B*—=K* . (Knm)y decays ?

res

The idea is to integrate over the Dalitz plot and the angular
distribution to obtain the up-down asymmetry:

fol dcos -4 - 0 dcos -4k

-Aud _ dcos 0 dcos 6 — O\
f dcos #-4 !

dcos 7}

where C takes into account the integrations and depends on
the Knrtsystem content
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Selection of the B=»Knmy events

;&3000: [PRL 112, 161801 (2014)]
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Observation of)\Y

> |In each m(Kmn) bin, the cos 6 distribution is fitted

> As A,qis proportional to A
Observation of a non-zero photon polarisation with A
different from 0 at 5.2 0.

» Missing knowledge of the Knit system to make a measurement
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Amplitude analysis of the Kt system

> Fit of the three invariant masses
squared m?(Knm), m#(Km) and
m?(rtr), integrating on the angles

> Using 18 amplitudes (including
resonances with JP = 1+, 1-, 2+ 2-)  1ooop
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Amplitude analysis of the Kt system
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Relating A, with the Kt system

Toys using a simple model with two amplitudes (and their interference):
AB*—=K(1270) (= K* (= K*) 1) Y) = Agsy

AB*—=K(1270) (=p (2rn*) K*) Y) = A

Systems described by (r, 4¢) such that A /Ay =1 x €49

=
- S0 e
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Relating A, with the Kt system

Toys using a simple model with two amplitudes (and their interference):
AB*—=K(1270) (= K* (= K*) 1) Y) = Agsy

AB*—=K(1270) (=p (2rn*) K*) Y) = A

Systems described by (r, 4¢) such that A /Ay =1 x €49

(1.98, 315°) 0° Aup (%
Radius: Ratio of as in data 12(5 )
amplitudes r 1se - : 10.0

Phase: Difference of
phase between the
two amplitudes 4¢

42.5

270° 90( 10.0

Color scale:
Up-down asymmetry
in %

(for samples
generated with

A, = 1)

180° 19



Limits of the measurement of A,

From theory: Ay = C. A,

(1.98, 315°) o Aup (%)
In regions as in data e
Where AUD — O, 315° : o 10.0
there is no ' 75

sensitivity to the 5.0

photon polarisation
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How to measure the photon polarisation parameter?

 To measure the photon polarisation, a fit in 5 dimensions is
necessary

— Use of the squared masses + the angles (6 and ) describing
the orientation of the Knrt system with respect to the photon

+\7Z

p Ba A
6 DK+

PK+

Pr+
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Toy studies with a 2-amplitude model in 5D

> Now possible using a dedicated piece of software [arXiv:1201.571¢]

> Toy studies with a 2-amplitude model containing K(1270) — K’ and
K(1270) — K0 with (r, 4¢) corresponding to data and 4, = 1

> 3 free parameters of the fit: r, Ap and 4,

» The fitted parameters are compatible with the generated ones
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Advantage of the 5D fit

On a simplified 2-amplitude model:
Similar error on the photon polarisation parameter independently of
the phase difference between amplitudes
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Generating a realistic Knimty system

» Using our knowledge of the Knmt system, we can generate
more realistic simulated samples

— 7 amplitudes
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Fitting a realistic moc

> Generate samples of pure
signal with 7 amplitudes
and 4, =1,

fit with 13 free parameters

» Uncertainty on 4, ~ 0.03
from toy studies
(no background)
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Conclusion

The study of the up-down asymmetry in B=+Knny decays has
lead to the observation of a non-zero photon polarisation

The knowledge of the Knt system has been dramatically
improved thanks to the 3D fit

Toy studies have shown that A, can be accessed by performing a
5D fit of the B—+Knny decays, and that the sensitivity does not
depend much on the configuration of the Knmt system

Realistic models of the Knmt system can be generated and fitted
Nexts steps:

- Include backgrounds
- Fit data from LHCb Run1 and 2
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Thanks for your attention
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DEFINITION OF THE y VARIABLE

sin = [(Dy X Pr+) X (Dy X Pr+)] - (Dy + Drc+)
cos X = (Dy X Pr+) - (By X Dx+)

PK+




DEFINITION OF THE COS6 VARIABLE
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ol==

Decay channel k Modulus Phase [rad| FF, (107%)
K,(1270)* — K*(892)x* 1 (fixed) 0 (fixed) 16.8 0.9
K1(1270)* — K*p(770) 1.747+0.049 —0.91=0.028  39.9°0%
K1(1270)* — K*w(782) 0.302+£0.085  0.302=0.27  0.068 "2,
K:1(1270)* — K*(1430)°z% 0.382+£0.055 —1.637=0.162 C 0.69 "3,
K:(1400)* — K*(892)°7%  0.420.022 —0.755 = 0.053
K*(1410)* — K=(892)"z*  0.479 £0.042 0 (fixed) 8.4 1355
K*(1680)* — K*(892)°7%  0.219+£0.022 0.443 £0.124 3.5+ ]
K*(1680)* — K*p(770) 0.112+0.01 14030221 2.4 +04
K3(1430)* — K*(892)°7*  0.509 + 0.034 0 (fixed) 4.8+1.0
K3(1430)* — K+ p(770) 0.511+£0.026  1.798 = 0.09 9.0 0.8
K;(1430)" — Kt w(782) 0.332+£0.078 -2.353=0.236 0.30 ") 5
K»(1600)* — K*(892)%z"  0.1724+0.01  2.883=0.119 4.41%90
K,(1600)* — K*p(770) 0.095+0.012 24420129 33302}
K»(1770)* — K*(892)°z*  0.107 £ 0.008 0 (fixed) 3.0%9%
K»(1770)* — K*p(770) 0.018£0.005 2.527=0.266 023175
K»(1770)* — K3(1430)°7%  0.087£0.009 -2.06=0.128  0.67 "
K>(1770)" — K* f2(1270)°  0.17£0.007 -0.174=0.088 130 ', 0
Non resonant 0.051 £ 0.002 0 (fixed) 4.1=0.5




% Main challenges for radiative decays

[LHCB 2003-091]

[PRL 110 (2013) 221601]

High level of background in pp collisions

For energies above 4 GeV the two clusters
from rt® = yy are reconstructed as a single
cluster in the calorimeter

Mass resolution dominated by photon
reconstruction

o = 25 MeV/c?
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% Adding resonances is not so simple

» A 7-amplitude model reproduces well the data between 1200
and 1600 MeV
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