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jiskaeasl Radiative decays of B mesons Y&ER

« Radiative B decays are b — s(d) y transitions
* Inthe SM, allowed through a penguin loop
* Are sensitive to NP contribution
» Useful in constraining NP

O Test mass scale of NP particles

O Test the couplings of NP particles

O Test if the couplings have a V-A structure

b W=, H-, any NP particle

> —_— = = >

th WS

u,c,t or squarks
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New Physics contribution

Branching ratio measurements

Binclusive, exp(B — xsy) =3.56 +0.26 x 10 [l] [§]
Binclusive, th (B — Xsy) =3.15+0.23 x 10-4 [Z]

Good agreement puts limits on NP models

Exclusion areas in parameter space of a particular Supersymmetry model.

Green: constrains from b — sy, brown: constrains from LSP, light blue: area
favoured by WMAP [13]
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RSEE  Photon polarization in B — fory  WEE.

Test the structure of NP operators if they contribute by

measuring the photon polarization
In the SM, quarks that couple to the W are left handed
— the photons are predominantly L handed in B® decays
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RSEE  Photon polarization in B — fory  WEE.

Test the structure of NP operators if they contribute by

measuring the photon polarization
In the SM, quarks that couple to the W are left handed
— the photons are predominantly L handed in B® decays

In the SM the ratio of “wrong” helicity photons is « m/m, and
predicted to be ~0.4%

= in some NP scenarios can be up to 10% [4]
(gluon emission can give upto a 1% effect as well [14])
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Ina B — f °® y decay, the time dependent decay width is parametrized as

i L\l]._\ = tl r, . L‘.‘l]._‘g t ; .
I'po _ger (1) = |45_'L|2 e et (cosh __ B _ A%sinh=—"%" 4+ Cecos Amgt — Ssin Qm(sjt)
Ls) ! A
, ATt o At _
T'go _fer. (t) = |A|2 e Tt (Cosh % — A%sinh—"~ — CcosAmgt + Ssin ﬂ\mfsjt)
\s) ! V2 \

Where in the SM,
C=~0, &= sin sin ) ~ 0 (as @ is small),

(A
and A™ A sin COS WO(s)

The parameter y contains information about
the photon polarization:

B A (B(sj . f{T'P,AIr__R)
ta,n = A (Egs} . ftI'P,TL)

3/25/2010 Photon polarization in radiative decays



Imperial College

London Measurement of Photon polarization

One could use the fact that for small values of S and C, from the equations

. ATt N . At _ .
I'go . fePy (tj = |A|2 o Tt (cosh __;" ) — ,,clﬁ‘ sinh % + Ccos Qm(sjt — Ssin Qm(sjt)
L&} ' A
, ATt AL At _
o _jer. (t) = AP e Tt (cosh % — A% sinh 2“” — CeosAmgyt +  Ssin Amg)t)
=) ! V= 1
: ATt N ., ALt
one gets  I'po_ger, (t) = |A|2 e Lt (Cosh = — A%sinh —= )
FEEI_,@.C'PA;. (t} — FBE—}'I?C'D"I: (t)
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Measurement of Photon polarization

One could use the fact that for small values of S and C, from the equations

. Al ot N . At _ .
I'po _ger (1) |45_'L|2 e et (cosh __ ©° _ A7sinh = Ccos Amgt — Ssin Qm(sjt)
=) ! 4
, Al t v At _
o _jer. (t) A el (cosh 2“” —  A®sinh 2“” — CeosAmgyt +  Ssin Amg)t)
&) ! \5J L
- ATt N . ATt
one gets  I'po_ger, (t) = |A|2 e Lt (Cosh = — A%sinh —= )
FEEI_,@.C'PA;. (t} — FBE—}'I?C'D"I: (t)
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pelelaatl  Perform fit for A2 (toy example)
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10° AA = 0.0
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% Divide A* = 0.0 by A% = 0.2 distribution
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jisdeisasl  ypolarizationg _, ,, at LHCD THCL

* Can be done with untagged B, sample,

%A =0.22 (nominal LHCb year, 11 k signal events expecetd)

* Foratagged analysis, 65=0.1 ., inal LHCb year) femember S < sin2ysing,
» measurements at Belle and BaBar with B; ->K*(K, n%y S =-0.19 + 0.23[12]
> Belle and Babar analyses based on a few hundred signal events

* Experimental requirements (it is a tough measurement):
— Proper time resolution/bias to be precisely known
— The lifetime acceptance function to be precisely known
— Background distribution in lifetime to be known
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Jisdedeaey  The proper time resolution VRO
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Proper time resolution is a measure of how well the By lifetime is
reconstructed

F LHCb Monte Carlo Fitted with a double gaussian

HUeore = 3.9 £ 0.6 fs (notice the unit)
Ceore = 61+ 1 fs (fraction,,, = 85%)

Kyige= 10.6 £ 2 fs

=154+ 3 fs

core

W|de

5-04 -0.3-0.2 01 0 041 02 0.3 04 0.5
Treco ~ TMc (ps)

A bias of 5 fs gives an uncertainty on A which is 1/3 of the statistical
uncertainty for 2fb-X(nominal LHCb year)
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The B, proper time is given by

- >
t=P.d m

IPJ?

-

Where P is the momentum of the B,

%

d is the distance between the primary and

the B, decay vertex, and m is the B, mass
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The B, proper time is given by
- —>
t=P.dm
IPI?

—.
Where P is the momentum of the B,

9
d |is the distance between the primary and

the B, decay vertex, and m is the B, mass

LHCb Monte Carlo
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to reconstruct as the o Increases
Control channel: B, —»J/y ¢
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The B, proper time is given by

—> —
t=P.dm
IPJ?
%
Wherg P |s the momentum of the B,

9
d |is the distance between the primary and

the B, decay vertex, and?lis the B, mass

Is dominated by the vertex reconstruction

the ¢ vertex becomes increasingly difficult

to reconstruct as the o Increases
Control channel: B, —»J/y ¢

Are dominated by the photon momentum
reconstruction (ECAL resolution)
Control channel: By ->K*y
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imperial College Proper time acceptance VRO

[a.u]

* The efficiency to reconstruct and LHCb Monte Carlo

select events as a function of their
proper time

s +++++Jf J(

0.4

0.2

R AR RN R R
1

L T TR AR SR
6 7 8 9 10

Ly
5
B, — ¢ y propertime (ps)

« To keep it as simple as possible, avoid lifetime biasing cuts at the
trigger and offline selection level

 Nevertheless, is non trivial
— Calibrate using B, »J/y ¢

3/25/2010 Systematics



gl Calibration using B, —J/y¢ and By —>K*y

1. Forthe proper time bias:
O Look at the difference between the ¢ vertex and the J/y vertex in B, ->J/yé
d  Establish a y momentum correction from B, —K*y (by constraining the B, mass)

2. For the proper time acceptance:

Again using B, —»J/y¢, compare the acceptance when cuts are applied to
the J/y vertex and to the ¢ vertex

3. For the background model:
Study mass sidebands
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* Radiative decays of B hadrons are sensitive probes of NP

— The roadmap measurement of A* will require a lot of data and a
very good control of systematics

 LHCb can make competitive measurements with early data

— World’'s best measurement of the direct CP asymmetry in By > K* vy
— Ratio of BR By > K*y/ B, — ¢y

« Radiative decays will be useful for calibration of the ECAL
with early data
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S parameter from B, —»K*(K, n0)y TR

L.ondon
Experiment N{( BE) Scp(b — s7v) Cep(b — s7v) Correlation
K*(892)y

BABAR [34('_)] 431M —0.08 £ 0.31 £+ 0.05 —0.15+0.17 £ 0.03 0.05
Belle [341] 535M —0.32 7038 4 0.05 0.20 £ 0.24 4+ 0.05 0.08
Average —0.19 £ ['_l.Q'?» —0.03 £0.14 0.06
Confidence level 3 (0.80)

KY7% (including Ix (8 2)7)
BABAR [342] 232M —0.06 £ 0.37 —0.48 £0.22 0.05
Belle [341] 535M —0.10 £ 0.31 + 0.07 0.20 £ 0.20 £ 0.06 0.08
Average —0.09 £0.24 —0.12£0.15 0.06
Confidence level 0.08 (1.87)

[12] Heavy Flavor Averaging Group, arXiv:0808.1297v3 [hep-ex] (2009)
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Branching Fraction and Photon Energy Spectrum for b—->sy, The
CLEO collaboration, Phys. Rev. Lett. 87, 251807 (2001)

1850801-007
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= FIG. 2. Observed laboratory frame photon energy spectrum
~ | » 1 (weights per 100 MeV) for on minus scaled off minus B back-
2 grounds, the putative b — sy plus b — dvy signal. No cor-
'g, Hmf J 1 rections have been applied for resolution or efficiency. Also
) J.[ L + H + shown is the spectrum from Monte Carlo simulation of the
= 0§+ TR 'H;#!.“. Ali-Greub spectator model with parameters {m,) = 4.690 GeV,
i + *+ + +++ Pr = 410 MeV/c. a good fit to the data.
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S _K*gamma S_K*gamma is the time dependent CP asymmetry of B
-> K* gamma. In 97 it was noticed that the standard model (V-A
interaction !) produces mainly left handed photons in \bar B -> \bar
K* gamma_L(R), O(m_s/m_b). A non-vanishing time dependent CP-
asymmetry demands both chiralities and is therefore very small
\sim -2%. It was noticed that gluon emission from c and u-loops
produce both chiralities and it was guestimated to give a
contribution of -10% (hep-ph/0412019) plus a large uncertainty. We
have performed a straightforward calculation and have shown that
the contribution is 0.5% \pm 1% ! (hep-ph/0609037) and therefore
S_K*gamma etc remain important (quasi) null tests of the standard
model. The current HFAG value is S_K*gamma =-28 \pm 26 % ! All
TDCP asymmetries for B->V gamma are observables of primary
interest for the SuperB-factory

[http://www.ippp.dur.ac.uk/~zwicky/]

h
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glselial  Probing NP with radiative B decays

1. Direct CP and isospin asymmetry in B —» K* vy
— Results from experiment [5] agree with theory [6], but large errors
0-0.033 <A, (B4 —> K*y) <0.028 (theory: <1% )
d0.017 <A, <0.116 (theory: ~ 4%)
— LHCb can make a competitive measurement of A, (By — K*v)
with only 100 pb [7]
2. The photon energy spectrum in inclusive b — sy decays
IS a useful experimental test of
— The parton model, mass of spectator quark and the motion of the
b quark inside the hadron [3]
3. Inclusive b > syand b — dy[8.9]
— Provide measurements of V,, and V,,and their ratio
— Compare to the ones measured in B, and B, oscillations

4. Photon polarization
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pisdeiaasl  Measuring the photon polarization
1. By —>K*ee
— Angle b/w the K plane and ee plane

— LHCb sensitivity to the the fraction of wrongly polarized
photons is 0.1 for 2 fb™* [11]

2. Ay, > A(pm)y

— A of the proton flight direction wrt the A, in A rest frame
is proportional to the photon polarization

3. B to h: h2 hs gamma (K resonances)

— Only K(1400) has sensitivity, need to separate it from the
other resonances

4. Bs — fPy
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