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Outline IHC

® Radiative decays, observables (asymmetries,
polarization,...)

*  b—osy:
* B—=K"y, B.—¢y
* AAY, Ay PAX)y
* b—dy
Event selection at LHCb
* Annual Event yields
* Background estimates

Summary
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Radiative penguin decays LHCh

®* Loop-induced decays are the perfect place to search for New
Physics hints

In SM model loops are suppressed
* GIM cancellation
* “"rare decays”
®* Heavy particles are suppressed in trees
* could appear in the loops
® New particles in loops:

* Enhancements in decay rates: even the minor absolute
enhancement could result in large relative enhancement

* New phases
* New asymmetries
*.?
® Ideal laboratory for New Physics search
* But also some QCD ftests
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Radiative penguin decays

[ : ,
No so rare decays ,, |

°* PDG
Br(B—K™"y) = (4.3+0.4)x10-3
Br(B-— K™y ) =(3.8+0.5)x10

®* 1-amplitude dominance

[
strong phase appears at
order of o, or 1/m,

—"Direct” asymmetries are
small (0.6%) for b—sy &
a bit larger(-16%) for b—dy

FBO—>K*DW i FBD%K*O’Y

dir
< ABD—>K*O”‘/

FBO_>K>»<0,y -+ FBQ_I(*O,Y
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LHCD

b—s(d)y: : CP-asymmetries

*B,— ¢y :
* not CP-eigenstate!
* V-A: y is left-handed
* "Wrong polarization”: ~m (mg)/m,
® Both Amix and Adir are small

* Mix: product of small ¢, and small fraction of v,
* Better sensitivity for relatively small Ams

space resolution for ¢$—K'K- vertex <« B, proper time resolution

o yos Amggt Ag&h_}ftpﬁnﬂm(ﬁjf
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Photon Polarisation

u,c,t !

£
b W( )\\\S

® Naive:
® Left-handed photon (to

conserve the angular
momentum)

* right handed components
ofq the order of m/m,

15.05.2k+6 “Heavy Flavours”

LHCD
AC O

® true only for 2 body

decays

® cannot be applied to b—sy

+ gluons

* other operators could
contribute

* explicit calculations for
B—K", B—py

* right handed components
may be up to 10+15%

Grinstein, Grossman, Ligeti, Pirjol, PRD 71,
011504 (2005)
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How to measure y-polarization?

"Photon-side"
measure the
polarization

® virtual photon
(b—sl*F)

Melikov, Nikitin, Simula, PLB 442, 381 (1998)

® real photon
® conversion y—e'e

Grossman, Pirjol, JHEPO6, 029 (2000)
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Hadron side
Exploit K™ (Knr) system

Gronau, Pirjol, PRD 66, 054008 (2002)
Gronau, Grossman, Pirjol, PRL 88, 051802 (2002)

Polarized b-baryon decays

* exploit the angular
correlations between
initial and final state

®* Good to try at LHCb!

Mannel, Recksiegel, JPG: NPP 24, 979 (1998)
Hiller, Kagan, PRD 65, 074038 (2002)
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LHCD

A= A% A= AX)y

® one can apply to higher resonances A(X)—pK

* spin 5/2 is useless (lack of observable: BR ~ 105+ 10

* spin 3 need to be dseparated from 3/2

* The measurement both photon and proton distributions are
requred

' 1520 Particle | L I [MeV I
- . e r-a.0 MNle ] N K
| A spin = 3/2 A(1405) | Sa; 50 -
- e 1A (1520) | Dos 15.G 45% |
= — T A spin = 1/2 AGo0) |5 =~ 150 15300
=, - A(LGTO) Soq =~ 35 20-30%
v 05— ey ] A(1690) | Dos ~ GO S0_30%
E —:Em?o; ACT=00) So1 == S0 25 -lu‘_._-.:
0.4 (— 1690 A(1690) A(IR1LO) Foa 2= 150 20-50%
— 1670 — A(1800) A(1820) Fos =~ =0 55-65%
- AQ(1E10) ]30 5 =~ 05 3-10%
e = — A(1820) .::[ 1 ¢ ) Das ] R l _((.
— A(1830) A(1890) Py 2= 100 20-35%
— A(1890) A(2000) Yol drd e
oz A{2100) A(2020) For PP 7
- A(2110) e o ar aror
- A(2350) ,'LI:_)J_I][I::I O == 200 25 .'}-1_.;:
- — all A(2110) Fa: == 200 h—25%%
L = A(2325) | Dos ~ 170 2
- A(2350) Hoo == 150 ~ 1297
- \ J L — : § f
= 1200 1400 2200 2400 2600
M(pK) [MeV/ic]

Based on Hiller, Kagan, PRD 65, 074038 (2002)
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v polarization

® A, =A%

dl’ _
x 1 — o Pgcosb,
dcost, ’ ’
dIl’ _
x 1 — oy cosb,
d cos Qp /

Hiller, Kagan, PRD 65, 074038 (2002)

A, = ACR) Y

® A, —AGR)Y

dl’

X
d cos 8.,

1 — O;",}v.?g;ng CcOSs 9,},

* Distribution for y is the
same

* Distribution for proton is
flat
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1 —n
V379 = - oy
7:3/2 1+n
I 1 20
X 1 — Q372 COS™ 0,
d cos 0, P ! n—1
Np3/9 = —
p3/ 1
1+ 3
L~ N L B LB BRI - A L L L L
o F ‘ e | .
o 0F fit=c(1+0 cosb,) o |} fit=c(1+0cost,)
F -~ 80
0=1.01610.022 g a=-1.012+0.012
T 60
&
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The LHCb experiment

® Single arm spectrometer

® b physics and rare decays
*L=210%cm? s

Tracking stations |
5m l SPD/PS - M2
Magnet ECAL —  _

T3 RICH2 |-

Vertex Detector | T2

T

EEIC ~_ |
Y[R |
Interaction point » N = Muon
— ge===_ | Ring Imaging — | chambers
— S % CHerenkov (RICH) lxz—== | >
15.05.2k+6 | | | | | | I | | | | | | | | | »
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Analysis & Background suppression %

° Beauty particles:
* m, ~5GeV/c?
* Byct ~O(1cm)
®* Particles from B-decays:
* Large p;
® L0 (hardware) trigger:
* leptons (e*,n*up),
* photons
* hadrons
* Large impact parameters
* _(software) trigger

®* Background:

* bb-production with at least one B
within 400mrad cone
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® High Level Trigger and Off-

line background suppression
continues to utilize these
properties

B-decay products do not
point to reconstructed
primary vertices

Exclusively reconstructed B-
candidate does point to
primary vertex

B-candidate is associated
with primary vertex with
minimal impact parameter
(significance)
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Selection of B,— K™y and B, —dy %

® Realistic simulation and recontructionl | T 1 .| W7 —
® K B, —¢y - | background
* charged tracks consistent with 3 S PR R RS
PID I SN e o
* Inconsistent with any PV R R )
[ ) XZIP > 16(4) L m nE I=: | 5:_i _____
Two prong vertex ptERE e
° XZVX <49 l‘] 5 1|0 1L lo 2|<
¢ K - Alog Ly, Alog Ly,
* |AM| < 60 MeV/c? " _ | : |
° . Nre' Ly W 100{- ** B, — dy
(I) . 150 :+ H K*O 80 + (I)
* |AM| < 10 MeV/c? % op LR %l “*%
® . ':cf S0 > * '% M- ‘
v R TV NP CT
* clusters in Ecal not associated 2 ol b ol —
with any reconstructed track oL oL
. E; >2.8 GeV mwmw ol
° 2°2(2°0) = ET <2.7GeV n'ﬂoln{s*nlulyﬁlllm o.ﬁ&mﬁm 1.02 1.Wﬂﬁ
M(Kn) , [MeV/c? M(KK) , [MeV/c?
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Selection of B,— K%y and B, —¢y (II) %

® ° 200 100
B ° + d.) :* b)
* Angle between the Bk } By
momentum and the flight -t oy
direction from production R 4
to decay vertex M _ ot
0] < 6 (15) mrad T S
. 0p, |mrad| Op, |mrad|
Correlated feeddown with
merged n’, wrongly =er o
: Hetee 4 ’
reconstructed as single photon 200 |- WS
B >K" ', B, —¢n e 1:++ o B0 wy ++”+ J
) o *() B + +;k*++
opposite K*(¢) ool Bl i
polarization B e "
* |cos 6] <0.75 AT T

')IIIIIIII 111 1 | T | | I T I I T N B |
-1 -0.8 -0.6 -0.4 -0 0 0.z 0.4 0.6 0.8 1

cos (Pa. P )|
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B,— K% B —d¢y (1N Lk

w] | ® B-mass window is
; - B’ Ky N:: 80 B, ¢y defined as :IZZOO MeV/c2
*  o(My) = 65 MeV/c?
° The correlated feeddown
Lot ﬁ_# ......... L e is well under the control
M(KK~), |GeV/e?|
B,—~ K% B,—¢y  Annual yield ( using 102 bb
Erc [%0] 45 43 events/107 second)
Errig/reC [ V0] 19 19
B,— K* B, —
€spLric [ V0] 18 27 d i s 0¥
&ror [ %] 016 0.22 N/year 35k 9.3k
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Selection of A,—A% A,—AX)y 5t

® I 2 40/~ ;5;515|9;3I9 I ]
quncglly on the same g % nzsmeess H + AO
principles S 2o H -
* Different for A, since A° 20l + + E
decay vertex does not - / ﬂ ?
define A, decay vertex | b it R
* The special topology s806 400 ,f,,G(A 'LL'{SE;\C;,;,,S%OO
selection need to be used —
§4oo:— w=5611.3+13 + E
= o e AX)
A, — A(1520)y 4200 || 2. AR
° A, — A(1670)y 2200 200 T
B + ]
® A, = A(1690)y 2200 || oo A O
® Ab - AOY 750 530 ou*’“g:;;' " se0 OIIVI ('ASé%g;i:;ézS]oo
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Background

Background estimation is
limited by the size of
available sample of 0(107)
forward bb events and
3x107 minimum bias
events

No background events are
found in “"wide” mass
interval 4.5-6.0 GeV/c?

90%CL upper limits are
set for the background
from bb-production
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LHCD

® We consider now
forward bb production as
a major source of
background
* large p;, large impact
parameters, secondary
verticies, ..

* (This assumption need
to be properly
validated and proved)

Kfg ov A%  AX)y
<10
B/S <07 <«24 <42
<18
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First look at B,— oy IHC

X b—dy transition 30_ o = (63 = 9) MeV/c2
IV../Vl can be extracted 251
with moderate theoretical 20/ *
uncertanty i

15 —
® N

also for large Am,
* Or formfactor calculations :
could be checked s\ 4
. et e t
Br (B > K%) /Br (B > wy) ~ 65 4.6

10—

4.8 5 5.2 5.4 5.6 5.8 [

reconstruction efficiency is low: Eror [ %0] N/year

7’ need to be reconstructed
Background condition is difficult 0.012 40

* 3 neutral particles in final state B/S<3.5 @ 90 % CL

Br (B> ®» y) =0.5x 10
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LHCD
AC O

Next steps

* Look at B—p% events

* expected to be better than B—oy but not so nice
as B—K™%

® Exploit the decays B—(Knr)y to study the photon
polarisation

® Probe the sensitivity for A, (B.—¢y) and
Amix(Bs_)dW)

* Now we know that Am, is not very large
®

® Study for systematic effects and uncertanties
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Summary ;{8

® LHCb has a good physics potential for study
of radiative B-decays

The statistical error on
N/year B/S @90%CL A, (B—K'%) is well below 1% ‘

B K™ 35k <0.7

a7 B The statistical error on V,,/V,,
B, — ¢y 9.3k <2.4 from B—K"% and B— oy of

about O(0.1/(1+B/S)/N)

B, >wy 40 <35
A, Ay 750 <42
A, ~A1520 4.2k <10 s s

» ~AUS20) 15% sensitivity to y;
A, = A(1670) y 2.2k <18 after 5 years
A, —~A(1690) y 2.2k <18
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