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NIB@er Outline

ARadiative penguins & photon polarization in
bY sgtransitions
Event Selection
Probing for the photon polarizationin  B.Y f ¢

Early data
lgeummary
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NIBEer Loops.and Penguins rHCh

% LHC(b) penguinarium

are ([ o/ eromd u ¢ and especially
penguin-mediated decays are essential part
of LHC(b) physics program:

AEIectroweak penguin B°Y K™ mim
Atalk by Will Reece

A Gluonic penguin BY f f

ATaIk by Olivier Leroy , also charmless B -decays, talk by Lorence Carson
Hunt i n §USYbliggspe n g uB ¥ Grm
Atalk by Diego Martinez Santos

And the radiative penguil ns ar
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NIBSEer Radiative penguins KHCh

%adiative penguin decays of B*&BP° mesons have
been discovered by CLEO and both inclusive bY sg
and exclusive decays have been intensively
studied by CLEO, BaBaRand Belle

A Br(bY sg) is one of the most efficient killer for
New Physics Models

ABeIIe has observed B.Y f g

Belle: O(1 B.Y f yday at Y(5S)

—_
=21

Events / ( 0.08 GeV

Events / { 0.01 GeV

St g}i
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NIBSEeF Why penguins are attractive? KHCh

@The clear picture in SM:

AOne diagram dominance
AOne Wilson coefficient C.2#f(m

A Reliable theoretical description at  (N)NLO allows the
numerically precise predictions

Loops

ANew Physics contribution can be comparable and even
dominating to (small) SM amplitudes

ANP appears not only in modifications of Br, but also In
asymmetries and the angular effects
A(‘)Sens/tive also to spin structure of NP 0

- 10.9.2k+9 Vanya Belyaev: Radiative decays @ LHCb 5




LHCD

N" Exclusive radiative- ‘penguins

%Nat sorare decays ; "f ~f
Br(BY K°g) = (4.3D.4)x105 | N\ N s

Al Br(B.Y f §=(3.8\0.5)x10°

amplitude dominance i
trong phase appears at i () E(J

order of a; or 1/mb Suppressed by : a,, 1/m, or |Vceul

YDirect o asymmet
small (<1 %) for b, sg &
a bitlarger O(10%) for b, dg
hotons are polarized

A Mixing asymmetries
vanishes, *BUT*
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NISEEF Mixing-asymmetries are Heh.

@ Vvanili s hed; b U
BY fCPgis not CPeigenstate ! g/gq amJ/m,
A'ake It Into account: not suppressed!

ATt Arqf

I'(B,(B,) — f“v) oce td? (COSh 2q — A= sinh

+C cos Am,t F S sin Amqt>

ASM:

AC = 0 direct CP -violation
186 = sin2y sinf A(B— fCP~p)
AAD =sin2y cod tan ID — A(B%fcp%’)

- 10.9.2k+9 Vanya Belyaev: Radiative decays @ LHCb 7
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NIBEeF '
(@@ D GGl 0

-

Acis practically zero

8 Al diagram dominance

IS a product of CPReigenstate fraction and (small) phase
difference of B, oscillation and bY sgpenguin

double smallness is SM
AAD IS just a fraction of CReigenstate
A[ Fraction of wrongly polarized photons

ANO oot hero suppre®dGGGon fFfact

Essentially we study CRviolation in B.Y f @s an instrument to probe
Lorentz structure of  bY sgtransitions

F.Muheim,Y.Xie & R.Zwicky, Phys.Lett.B664:174179,2008

LHCD
HCOD
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NIDIEEF --
= Expected-performance for . -BY f/ cat . LHCD

@Wh at kve o wov:

[HCh

Full Monte Carlo simulation

he yield is 11k per 2 fb -1 (and 70k of B%Y K™q)

Background is
A<k @ 90%CL

LHCb: O(3 B.Y f Whour at 2x10 32

The mass resolution ~96 MeV/ ¢?

AEcal resolution

The proper time resolution: s~78fs
ASO/SO S ,=52fs,s,=114fs

L.Shchutskaet al, CERNLHCDb-200~030
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NIEQEF Trigger LHCD

@Hardware LO trigger for photons with high  E;

Next trigger levels (software) :

APhoton confirmation (& suppression of merged p°)
and single (or pair) detached track reconstruction

Ae ~ 70%
AFull reconstruction of B.Y f gandidate

AReconstruction of f-candidate | ;qe overlap,

A‘)/'nc/usive fo tri gger highredundancy &
robustness: e ~ 95%

More details in dedicated talk by Leandro de Paula
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NIDIEEF

——

Event selection

188- decay products do not point to

ArEeconstructed primary vertices
B- candidate does

xclusively reconstructed

Bpoint to primary vertex
- candidate Is

associated with the
primary vertex with
minimal impact
parameter (significance)

200
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e | M

0 L1 L1 1 1
0 0005 001 0.015 002 0.025 0.03

0, [mrad|

100

80

60~

40

(=
=
T T T

L8 O

0 001 002 003 004 005 0.06

fg, [mrad|

Vanya Belyaev: Radiative decays @ LHCDb

12



~
NIBSger Signal-proper time resolution %

P Ly 01 =52=+5 fs
2501
E o9 = 114+ 7 fs
200;— feore = 51 = 9%
150
100
50
0: -.T-....|....|....|..-.|..
-0.3 -0.2 -0.1 0 01 0.2 0.3
t’f‘ec — t]\-f()’ [pS]
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e
NIBEF Sensitivity to ' sin2y JHCD

@ To evaluate our sensitivity to  sin2y
A toy Monte Carlo (10 4 experiments)

Unbinned maximum likelihood fit m(B) = 5.367GeV/c?

AProper lifetime & error t(B) = 1.43ps

AReconstructed mass D G=0.084 ps
Dm, = 17.77 pg

Resolutions & Efficiencies from  full MC

Parameterize the background from mass -sidebands

Important ingredient o proper time acceptance function
L.Shchutskaet al, CERNLHCb-2007%147

A Per-event proper time errors
A
A

Y200 10.9.2k+9 Vanya Belyaev: Radiative decays @ LHCb 4
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KIH
NISQEF Proper time acceptance

a=0.74 ps
c=1.86 es(t) o
[a.u.] ]
200; et)
150; i
100; F .
50? T
%1 89
[ps.
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[~
NIBSEer Proper time acceptance %

@t IS a vital to know it with very high precision

A5 % bi a6 ->ibias idsin ~ 0.2 () e
ANe are planning to calibrate it using three techniques:

A Bov K g

A BY t

A(‘)per-evem‘-accepz‘anceé (Oswi mmi hgo me

\['he acceptance could be extracted from data for all

cases

AE.g. with ~ O(1%) precision for B%Y K™ g

Y200 10.9.2k+9 Vanya Belyaev: Radiative decays @ LHCb .6




NIDIEEF

< Background parameterization
| It Sel?arately Ieft and (_-%_"””—1 -(I-”E()I(II‘,)" ((f_m + m-'lAm.)t?_% + (o +,-i_5’1Am)(_f_TL2)
right sidebands
(e t)° _t _t C
(111;I {O.Blps} ].-(I-a(zl,t)c(cle 1+ Coe TQ) illj {O.Blps}
103— Right
5 SL\{AHG 78y
Thb [ps] Thh [ps]
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NIB@eF Results: s(AP.C,S) Lich

la.u.] [a.u._]

N S(9=s (C):O.lll

600

400 I
I 400

200 200

05 0=

-
AA
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[
NIB@er oear.l measureﬂg

8
M—"I"I're-'f-i-rsat-alu3minutes@ l ready wi tl

nominal luminosity data the
measurements of
direct CP -asymmetry

in BY K?g
5+ +
ADoubIe ratio:

BY K?0g

‘ BBSO—@J/’;/;/ BBO—K*OJM 7
' I . A/Ieasurement of

45 48 51 54 57 6 6.3

M. (GeV /¢ BY f Kg
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[
NIEEF Conclusions LaCh

@LHCD has good potential for measurement of
'&zhoton polarization in B.Y f glecay

or2fb &
s(AP)=0.22,5(5)=s(C)=0.11
he determination of proper time acceptance

function from data in under the study:
AThree methodads

he result has moderate dependency on B/S

Stay tuned and wait for more news
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Backup slides
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LHCD

i./
NIBSEEF Example of models

nomalous right -handend top couplings J. P. L e

L= —7 Z Vigh" (PL + €, Pr)gW,F +hec.

| ,=-cos2y

1

Q.75¢1
2 T

Q.25

OF

-0.25¢
-0.5¢}
-0.75¢
-0.05 -0.03 U 02 D 01 0 .01
5{‘3
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NBEEF 5 proper - time in sidebands - &HCh

It separately left and right sidebands

dN 1 dN 1
dt | 0.5 ps dt | 0.5 ps

(b)

|—|CD:—

3
Thb [ps] Thb ps]
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e
NI./!EF Signal proper.time resolution as function of

cos mean;;, /S 0, [§  meany, [S A
-1,-0.5) 10 &+ 3 89 1= o 10 £ 3 0.78 £ 0.06
-0.5,-0.15) —8+4 66 £4 —6+t4 0.66 £ 0.06
-0.15,0.3) —H+t4 88 +4 —4 +4 0.37 = 0.05
0.3.1] 1848 9647  —13+8  0.27+0.09
o(t).[ps] Posave

" (a) il (b)

i _+‘ - +___;_|

OJj —f:_'+_ 0.6 |
on5_+“+:*_ Al 0.4/ ___+___ }

0 s ggsé S g eSS Cgs'é T e |
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NBEer | | | h
= Signal proper:time resolution as function of coQ LI!C\

ings ¥
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[
NIQSEEF
< The shape of background TS
ary t he 0 slived compgohentsr g 0
[a.u.] Relative change [au.] Absolute change
oL3)_ = DLOE000% 300 o(S) = 0.116%0.003. |
200 10(A%) = 0205 0. 009 —————— b
| o(S) = Ollli()003| 200 o(A%) = 0.203 4 0.008
2N\ Ul o(8) = 0.108 £0.003
100/
100 /-
% 3 4 5 6 7 8 9 0 T e
This [ps] Thh [ps]
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NIBSEer Stability tests: - B/S it

here Is some dependency on B/S level.
Conservative UL @ 90% CL

o(S) o(A)

0.2 0.4r

: (a) : (b)

0.15- : 0.3 ¢
: ¢
0.05- 01

0 | ! | | = | [y | |

0 0.5 1 B 1.5 2 00 0.5 1 B 1.5 2

S o

- 10.9.2k+9 Vanya Belyaev: Radiative decays @ LHCb 27



NIBSger Results: pulls

[a.u.] [a.u.]
300~mean= 0.02 + 0.01 I - mean= 0.01 += 0.01
L & = 1.00 & 0.01 S :021.08:&0.01 + J-+ C

200 200

100 100

'IT'IT]I'IFII'II

el T [ B B
N
X =
N
B
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[0 =1.034+0.01 1
200}~
100

B |

Q4 4

2 0
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NIEer Resolution and D GG, %

ary the proper time resolution
AUse simple model with two Gaussians and vary the

proportion
(S5) o(A%)
0.5
(a) 5 (b)
0'* 0.41
0_2:_ '} 0.3_
o.zf—
0.1 o E
01—
Oo_' 02 04 . 06 08 1 o5 oa. o 045
fco-re AF%‘/FG’
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KIH
SEF Acceptance function

Combined fit of
B.—¢yand By — Ky

« The acceptance function can be fully determined
in B4— K"y assuming known proper time
resolution

* |n this simplified test do combined fit of both
channels to determine a and c in B,—K"y and

use them in B.—dy ( l‘)c
- Use 68 k By, — Ky events and ignore 8(1‘) = a
background 1+ (m‘)c
o, =0.01 1
a=0.74 ps
o =0.02 P
c=1.86
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NISEeF "
-1 e Background. parameterization [HCh

&
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