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Study of the photon polarization in B ➞ K𝛑𝛑𝛄 
Motivation

• SM predicts the photon emitted in 
   decays to be predominantly left-handed

• Non-SM photon polarization may be observed in 
exclusive radiative decays 

• Several models BSM predict the photon to acquire a 
significant right-handed contribution

• Photon helicity will be investigated in the three-body 
decay channel

• already observed by Belle (Ref. H. Yang et al., The Belle collaboration, 
hep-ex/0412039v2 (2005)

• large BR (1.5k events per fb-1 expected)

G. Veneziano (EPFL)

2 Objectives

As a member of the LHCb collaboration, I plan to provide two major contributions to the
experiment: studies for the detector upgrade (Section 2.1) and data analysis (Section 2.2).

2.1 Detector development

In the LHCb upgrade detector design [2, 3], the principal option for the tracking system
is to replace the central part of the current configuration consisting of a silicon-strip Inner
Tracker (IT) and a straw tubes Outer Tracker (OT) with scintillating optical fibres, read
out at 40 MHz with silicon photomultipliers (SiPM). SiPMs are G-APDs, i.eȧvalanche
photodiodes operated in Geiger mode (overvoltage) designed for single-photon resolution.
They will be mounted at the extremity of long fibre panels, 2.5 m away from the beam
line in order to minimize the amount of passive material in the acceptance region as well
as the radiation exposure of the electronics.

My work on this subject is focused on feasibility studies for understanding if the pro-
posed technology is suitable for being used in the LHC environment and record 50 fb�1 of
data. My e↵ort is spent on the realization of both the experimental setup and the analysis
tools for the study of the radiation hardness of SiPMs and fibres.

2.2 Data analysis

The SM predicts that the photon emitted in b! s� decays is predominantly left-handed.
Although measurements of inclusive radiative decays constrain strongly possible new physics
e↵ects, there is still room for a non-SM photon polarization which can be studied with ex-
clusive radiative decays. Several models beyond the SM predict the photon to acquire a
significant right-handed component due to the exchange of a heavy fermion in the elec-
troweak penguin loop. For example, the two helicity components are expected to be of the
same size in SU(2)L ⇥ SU(2)R ⇥ U(1) left-right symmetric models [1].

The main goal of my thesis is to use the full LHCb data sample of about 3 fb�1

collected in 2011–2012 in order to investigate the photon helicity in the decay channel
B ! K1(1270)� ! K⇡⇡�, where we may access the polarization of the photon through
the K1 resonance.

3 First results

During the first year of my Ph.D., I have been focusing my attention mostly on R&D
studies for the LHCb upgrade (Section 3.1) and on the analysis of charmless decays with
a neutral pion in the final state (Section 3.2).
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• Photon polarization can be inferred from the 
kinematic distribution of the K1 three-body decay

• It requires three bodies to form a parity-odd triple 
product

• The sign of the triple product identifies the photon 
polarization

Photon polarization in 3-body 
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 Why 3 body? 

Symmetric along the helicity axis Angle wrt to the plane 

(From E.Kou) 

G. Veneziano (EPFL)

Study of the photon polarization in B ➞ K𝛑𝛑𝛄 
Theory
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• From the theory 

• An angular analysis is needed for cos θ

• The helicity amplitude has to be extracted from the Dalitz

J is the helicity amplitude
pi = final state particles momenta
sij = (pi+pj)2

s = (p1+p2+p3)2

cos 𝜃 from triple product
λγ is the photon polarization

where

J and J ! terms below). Thus, our decay widths can be written as:

d!(B ! K1! ! (P1P2P3)!)

dsds13ds23d cos "
"

!

pol.=L,R

!(B ! K1pol.!pol.)

#
d!(K1pol. ! P1P2P3)

dsds13ds23d cos "
#

1

(s$m2
K1
)2 +m2

K1
!2
K1

(5)

where s = (p1 + p2 + p3)2 is the o"-shell ”p2” of the K1 and sij = (pi + pj)2 with pi to

be the four-momentum of the final state Pi. Defining the $z direction as the photon

direction in the K1 rest frame (see Fig. 1), the " is given as cos " %
"

!p1"!p2
|!p1"!p2|

#

z
.

Figure 1: The K1 ! K## decay plane in the rest frame of K1. Defining the $z direction

as the photon direction, the " is given as cos " %
"

!p1"!p2
|!p1"!p2|

#

z
.

The kinematic distribution of this three body decays carries the information of the
K1 polarization. It is important to notice that the polarization information we would
like to obtain is the di"erence between !(B ! K1L!L) and !(B ! K1R!R) in Eq. (5)

while experimentally, only the L.H.S of this formula, i.e. the total decay width can be
measured. Thus, the high sensitivity to the polarization information can be achieved only

if there is a significant di"erence in the decay distributions between K1L and K1R.
The di"erential decay width ofK1L,R decay can be described by the helicity amplitude,

Jµ, which we define as:

M(K1L,R ! P1P2P3) = $µK1L,R
Jµ. (6)

Considering that Jµ represents the decay amplitude of the K1 decaying into three pseu-
doscalar mesons, we can parameterize it in terms of two functions C1,2:

Jµ = C1(s, s13, s23)p1µ $ C2(s, s13, s23)p2µ (7)
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Ref. M. Gronau, Y. Grossman, D. Pirjol, A. Ryd, hep-ph/0107254 (2002)

Let us express the amplitudes ML,R in the rest frame
of the K1. The polarization vectors corresponding to
right and left-handed K1 of helicity ±1, !µ

±1, are defined
in this frame by !0

±1 = 0, and "!±1 = ! 1!
2
(êx ± iêy). The

two unit vectors êx and êy are perpendicular to êz = "p̂! ,
which points along a direction opposite to the photon (or
B) momentum. Denoting by # the angle between the
normal to the decay plane, n̂ # ("p1 $ "p2)/|("p1 $ "p2)|, and
the direction opposite to the photon, cos # = n̂ · êz, one
finds

MR,L %
1&
2

(!Jx " i cos #Jy!) , (11)

where x, y" and n̂ form a set of orthogonal axes. (We
choose these axes such that the plane perpendicular to
the photon direction and the decay plane intersect on the
x axis.)

Squaring the amplitudes and integrating over a com-
mon rotation angle $ of "p1 and "p2 in the decay plane, one
obtains

1

2%

! 2"

0
d$|MR,L|2 %

| "J |2(1 + cos2 #) ± 2Im
"

n̂ · ( "J $ "J#)
#

cos # . (12)

Using Eqs. (1) and (2), one obtains the B ' (K%%)K1
&

decay distribution

d!

ds13ds23d cos #
%

| "J |2(1 + cos2 #) + '!2Im
"

n̂ · ( "J $ "J#)
#

cos # . (13)

Since the angular variable cos # changes sign under the
exchange of s13 and s23, we define a new angle #̃ which is
independent of s13 and s23, cos # # sgn(s13 " s23) cos #̃.
An equivalent definition of #̃ is the angle between ""p!

and the normal to the decay plane defined by "pslow$"pfast,
where "pslow and "pfast are the momenta of the slower and
faster pions.

The asymmetry between decay distributions corre-
sponding to right and left-handed photons, from which
the photon polarization can be determined, is contained
in the second term in Eq. (13). It describes an up-down
asymmetry of the photon momentum with respect to the
K1 decay plane. In order to measure '! one would fit
the B and B̄ decay distributions to (13), which has a
well-defined dependence on # and on the energy variables
s13, s23 occurring in the Breit-Wigner forms. In order to
obtain a conservative estimate for the sensitivity of the
decay distribution to the photon polarization, let us con-
sider the integrated up-down asymmetry,

A =

$ "/2
0

d!
d cos #̃

d cos #̃ "
$ "

"/2
d!

d cos #̃
d cos #̃

$ "
0

d!
d cos #̃

d cos #̃

=
3

4

(Im
"

n̂ · ( "J $ "J #
#

sgn(s13 " s23))

(| "J |2)
'! . (14)

Integrating the numerator and denominator over the en-
tire Dalitz plot, one obtains

A = (0.34 ± 0.05)'! . (15)

The calculated asymmetry involves theoretical uncer-
tainties from two sources: the (K intermediate state
which we neglected, and an error in the D-wave am-
plitude of K1 ' K#%. Varying the magnitude of the
K1(K coupling under the constraint from the measured
K1(1400) ' K( branching ratio, B(K1 ' K() =
0.03 ± 0.03, and varying the relative intrinsic phase be-
tween the (K and K#% amplitudes in the range "30$

to +30$ as measured in [16], this amplitude introduces
an uncertainty of ±0.04 in A. The experimental er-
ror in the D wave amplitude is shown to contribute
±0.03 to this uncertainty when varying |AD/AS |2 =
0.04 ± 0.01, )D " )S = 260$ ± 20$ [16].

The SM predicts '! * +1("1) for B(B̄) decays.
Namely, in B% and B̄0 decays, the photon prefers to
move in the hemisphere of "pslow $ "pfast, while in B+ and
B0 decays it prefers to move in the opposite direction.
For a three standard deviation measurement of a total
up-down asymmetry, A + 0.34 ("0.34), expected in
the SM for B+ (B%) and B0 (B̄0) decays, one needs to
observe a total of about 80 charged and neutral B and
B̄ decays to (K%%)K1

&. In order to estimate the num-
ber of BB̄ pairs needed for this measurement, we will
assume that the branching ratio of B ' K1(1400)& is
0.7 $ 10%5, as calculated in some models [14]. We use
B(K1(1400) ' K#%) = 0.94 [15], and note that 4/9 of
all K#% events in K+

1 and K0
1 decays occur in the two

channels specified in Eq. (4). Including a factor 1/3 for
observing a KS (from K0) through its %+%% decay, we
estimate a branching ratio of B = 0.7$10%5$(4/9)0.94 +
0.3 $ 10%5 into (K+%%%0)K1(1400) and B + 0.1 $ 10%5

into (KS%+%0)K1(1400). Ignoring experimental e"cien-
cies and background, 80 (K%%)K1

& events can be ob-
tained from a total of 2$107 BB̄ pairs, including charged
and neutrals. This number of B mesons has already been
produced at e+e% colliders [18–20]. Since we ignored ex-
perimental e"ciencies, resolution and background, one
may have to wait a year or so before obtaining the re-
quired number of events.

Similar studies can be carried out for other kaon reso-
nance states in radiative B decays. The decay distribu-
tion for an excited K#

1 is insensitive to the photon po-
larization. In the case of K#

2 (1430) one finds, when both
K#% and (K contributions are included,

d!

ds13ds23d cos #
= |"p1 $ "p2|2

%

| "J |2(cos2 # + cos2 2#)

+ '!2Im
"

n̂ · ( "J $ "J#)
#

cos # cos 2#
&

, (16)

where "J = "p1[BK"

23 +*$B
$
12]+"p2[BK"

13 +*$B
$
12] and B$

12 is
defined analogously to BK"

ij . The complex parameter *$,
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B→K!!" mass
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Very preliminary, 1.5/fb

BR = (29±9)x10-6BR ~ (29±9)x106 

• Define a selection and fit B mass

Study of the photon polarization in B ➞ K𝛑𝛑𝛄 
Step 1 : Selection and mass fit
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G. Veneziano (EPFL)

• Extract background subtracted Kππ spectrum (sPlot technique)

• Identify resonances and relative contamination

sPlot
~ 1.85 fb-1

K2(1580)

K*(1680)

Study of the photon polarization in B ➞ K𝛑𝛑𝛄 
Step 2 : Study of the resonances 
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• Study the up-down asymmetry

B�K1(Kππ)γ with Gronau method 
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 Up/down asymmetry (Gronau, Grossman, Pirjol, 
Ryd hep-ph/0107254) 
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Ref. M. Gronau, Y. Grossman, D. Pirjol, A. Ryd, hep-ph/0107254 (2002)

•  Full angular and Dalitz analysis

• This method consists in exploiting the full angular and Dalitz analysis of the K1 
resonances  

• It is expected to be more sensitive than up-down asymmetry to photon polarization

• It requires the K1(1400) resonance contribution to the Kππ𝛄 mass distribution to be 
negligible wrt the K1(1270) (otherwise hadronic uncertainties can’t be cancelled 
from calculations) 

Study of the photon polarization in B ➞ K𝛑𝛑𝛄 
Step 3 & 4 : Extract photon polarization
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