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Overview

e Introduction and motivation.

* b—sy results:

— Branching fraction.
— Photon energy spectrum.

— CP asymmetries.

* b—dy results:

— Exclusive branching fractions.
— CP asymmetries.

— Inclusive branching fraction.




Radiative penguin decays
* Flavour changing neutral currents (FCNC) do not
occur at tree level 1n the standard model (SM)
— procede via one loop or higher order processes.

* SM dominated by top quark contribution.

* New physics (NP) can appear in the loop with size
comparable to leading SM contributions.
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- Studies of FCNC very active at B-factories:

— I will cover recent results from both b—sy and b—dy in

inclusive and exclusive analyses.
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Observables

* Branching fraction (BF): NNLO calculation for b—sy:

Misiak et. al: BF(b—>sy) = (3.15 £ 0.23)x10™ [Phys. Rev. Lett. 98 022002].
Becher et. al: BF(b—sy) = (2.98 = 0.26)x10™ [Phys. Rev. Lett. 98 022003].

* b—dy SM rate 1s CKM suppressed w.r.t. b—sy by factor ~20.
e Use ratio of BFs to constrain SM via [V _/V |, e.g. for exclusive

modes: BI(B— py) Vm,r (1—/77i//7735,)3
BF(B— Ky) |V, | (\=n. | ny)

EX[1+ AR

£ ratio of the form factors for #— py and Z— K v

A/ differences in decay dynamics

V./V.| also obtained from the ratio of B, and B, mixing
frequencies, but new physics affects them in different ways.



Observables

e Photon energy (Ey) distribution depends on mass (m )

and ferm1 motion (p ) of b quark — can be used to

reduce model dependent erroron [V _|and |V _|.

e CP asymmetry ACp <1% (SM). NP effects can enhance
thiS to 15% [Hurth, Lunghi & Porod, Nucl. Phys. B704, 56].
o Isospin asymmetry A B’B" partial rate asymmetry - up

to 10% in SM [Kagan & Neubert, Phys. Lett. B539, 227].

* Experimental quantities:
° mESEMcb: '\/E;;m - p*3 ? AE = E B_E

B

beam



Analysis methods

* B recoil sy

— Fully reconstruct one B

— Measure photon from other B

* Inclusive ‘b sy

— Reconstruct only the photon

— Reduce background with lepton tag

* Semi-inclusive b sy, b Sdy:

— Reconstruct many exclusive final
states

e Exclusive and) R Sudd 4 !

— reconstruct one final hadronic state

h@_—_—* It

B

¢
results not presented here







[BaBar, Phys.Rev.D77:051103,2008, 210fb™']

B - X Y: B recoil method

* Fully reconstruct 'tagged' B in >1000 hadronic modes.

* Signal B from one high-energy photon, plus all non-tag
tracks and neutrals.

* Photon spectrum can be measured 1n signal B rest frame

e Efficiency ~0.3% but excellent signal/background.
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o [BaBar, Phys.Rev.D77:051103,2008, 2101b™']
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D’ B X y: B recoil method

e Extract BF, ACP, AO_, from Ey>1 .9 GeV region.
BF(B—Xy) =(3.65 £ 0.85(stat.) + 0.60(syst.) ) x10* (E>1.9GeV,
BF(B-XY) = (3.91% L11)x10* E>Le6er) "

A, =0.10 £ 0.18(stat.) £ 0.05(syst.) (E>2.2GeV) (1 aosed asymmetrics.
AO- — -006 + OlS(StClt) + 007(SySf) (Ey>2.2G€V) b—(s,d)y)
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e Method is statistics limited



7> [Belle, arXiv:0803.2158 (hep-ex) 605fb™']

ol b sY: Inclusive method

* First analysis to measure down to
Ey>1 7GeV.

Continuum: jet-like

e Find 1solated clusters 1in calorimeter: e« e-

- Ey> 1.4GeV.

_ 0
veto ys from ", 1 and BhaBha. BB: spherical

— Use topological mfo to suppress continuum
background. e+ -

* Background subtraction:

— Estimate continuum using off-resonance data.

— Estimate B decays using “corrected” MC.
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[Belle, Moriond 2008, 605fb™]

b - sy' Incluswe method

mm;_ { ﬂ \tf“ aﬁ q
- B pre ; * Photon energy
4000— ' bﬁf’ &
3 F | ﬂ ; spectrum peaks at half
%zuun:__ m {J] i the b-quark mass.
£ ol }% 2 it {Edfﬁffﬁ * Yield above E
20001 1 _ endpoint (2. 8GeV) is
=1 E : consistent with zero.
15 2 25 3 ég [Gev]4

BF(B—Xy)= (3.31 £ 0.19(stat.) + 0.37(syst.) + 0.01(boost) ) x10™
BF(B-XY) = (3.37 £ 0.41) X107 (E >16GeV) (E1.76eD)

<E >=2.281 £0.032(stat.) £ 0.053(syst.) = 0.001(boost) GeV
<E *> - <E >*=0.0396 = 0.0156(stat.) £ 0.0214(syst.) = 0.0012(boost) GeV? 11

Y Y



[BaBar, Preliminary, 383M BB]

B - X Y. Semi-inclusive

* Sum of 16 exclusive B—X y tinal states

- 50% of total width. 31500; |
* Hadronic mass range E— 10
§ 500: :
-0.6-2.8 GeV/c® E >1.9GeV. BB S o e

; L \ | L . \ | . :
£22 5.24 5.26 5.28 "
mg¢ (GeV/c9)

* Large backgrounds

%)

- veto photons from n'/n. S1s00_
- boosted decision tree for continuum ~ tooo
suppression . § 500
e Most accurate measurement to date. T

A_ (b—>sy) =-0.012 % 0.030(stat.) + 0.018(syst.)



> Good agreement between '

BF(B - X Y): Summary

CLEO Phys.Rev.Lett.87,251807(2001)
BR(B—Xsy) = (3.29 0.53) 10 (9.1 fb-)

Belle Semi Phys.Lett.B511:151(2001)
BR(B—Xsy) = (3.29+ 0.53) 104 (5.8 fb™")

BaBar Semi Phys.Rev.D72:052004(2005)
BR(B—Xsy) = (3.29+062__ ) 104 (81.5 fb)

BaBar Incl Phys.Rev.Lett.97:171803(2006)
BR(B—Xsy) = (3.92% 0.56) 10+ (81.5 fb")
BaBar Full Phys.Rev.D77:051103(2008)
BR(B—Xsy) = (3.91% 1.11) 104 (210 fb")

BELLE Incl (A. Limosani, Moriond EW08)
BR(B—Xsy) = (3.37% 0.41) 104 (605 fb!)

HFAG Average 08 (preliminary) >

BR(B—Xsy) = (3.52% 0.25) 10

theory and experiment! e

L
HFAG average:
— f—— 1 7% experimental
uncertainty
1+
%
s
F <
SM predictions:
= - Misiag gtal, (hepaon/lsuy2se)
Bt Becher st. al. (hep-ph/0610067)
T = Andersen et al. (hep-ph/0609250)
la L 2 —=J-~—l—=-*=| 1 ]
3 2.5 4 4.5
4
BR(B—X.y) (104
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[BaBar, PRL9S, 151802 (2007) 347M BB]

B- (p!w)y

Continuum background significant - novel use of information
from lepton tags to suppress non-B backgrounds.

4D fit (5D 1 wy) to extract signal
- m, AE, cos@H, NN (cos0 ).
out D

cosO, : helicity angle,
NN_ : neural net output

cosO_: Dalitz angle
D

BF(B—py) = (1.36 £ 0.28(stat.) = 0.10(syst.) ) x10™°
BF(B—>(pw)y) = (1.25 £ 0.25(stat.) £ 0.09(syst.) ) x107

030"

B opy

mgs (GeV/c?) m, (GeV/c?) mgs (GeV/c?) 15



[Belle, arXi1v:0804:4770 (submitted to PRL) 657M BB]

D>

Qgg B (p,w)y

* B— K*y backgrounds also a problem.
o 2D fit (3D for p’y) to extract signal: M ,AE (m ).

m,_: invariant mass of 7 pair
T

with K mass assigned to one 7.

% 60 Bopty G oy 1 T4 B— o
é‘ ) é’ e
40 = f
0 w 40 =
8 N w20
- L — | Qo L
220 220 5
05 ...... ‘ e 0 = a2z Fi e i R T T e 0 s T T P T L PTE LI ML Tt 3.3
2 9.2 53 52 5.25 5.3 5.2 5.25 5.3
M, M, M,

BF(B—py) = (1.2175 (stat.) £ 0.12(syst.) ) x10°
BF(B—(pw)y) = (1.14 £ 0.20(stat.) % (syst.) ) x10™°

-0.12
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B-(p,w)yand |V /V |

= F

* Reminder: 2
BEB—py) |7 [ (= 1ud) | oo B >py
BEB—Ky) ’ ( : 2176 1+4] '
>K'y) V| A=n i my) ’ L
(6 ~0.85,AR~0.1) ~ | L
R P

* Average BE(B—(p,m)y) gives:
BF(B— K*v)

4 =0.206+0.018

B /B_mixing gives 0.211 + 0.007.



<> [Belle, arXiv: 0804.4770 657M BB]

Lo :
BELLE ACP in B- py

. : + + .
®* Direct CP1n B —>P Y. ACP(B+_)p+,Y) =N(B >p7Y) - N(B+—)O+’\/)
NB—py) + NB —-p'y)
- Simultaneous fit to M and AE of B'—>p'yand B'—p’y.

— Asymmetries in background sources included in systematic

error.

— B—Dn control sample used to understand detector bias.
Dl By il
15:; 1: ]

4§ SRk | ke A
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A_,(B'—>p"y) =-0.11 +£0.32(stat.) +0.09(syst.) 8



<E o [BaBar, arXiv: 0708.1652 343M BB]
L e

!/ Semi-inclusive b - dy

* Sum of seven exclusive final £ - iy -
states 3, weme Jﬁ + _f

+ i ST

—~ Upto4 ms,uptol no/n. ’ wl T i el IWL i H :

L E L :

— Inass range 1.0<M(Xd)<1.8GeV/cz. mT A L T | H
a0 ‘ =

(excludes p/® resonances) B T TR T
1 N-6 AE (GCV)
BF(B —X y)= (3.1 + 0.9(stat.) + 0.7(syst.)) x10
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— Inclusive BF measurement 2 =1 1|7]]
plus mclusive [V /V | i
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coming soon...
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Summary

* Precise measurements of b—sy:

— Branching fractions with Ey>1 .7GeV and Ey>1 9GeV.
~ CP asymmetry with 0.6< M(X ) <2.8GeV/c”.

* New measurements of b—dy:

— Branching fractions.

— First measurements of the CP asymmetry of B—py.

- First evidence for B—>X y: with 1.0< M(X ) <1.8GeV/c".
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KEKB and Belle

cavities iHF! 53 -_.___\.” _ Belle cetector Sﬂlid al‘lgle
.ﬂé- ' e- g ¥ ~92%
77" KEKBB-Factory = il
{. o ,-'J-.FHI_E_S c opper f
T <l fHE ParticleID (lemp Kop
Sl

~ TRISTAN
tunnel

Belle Detector

Aerogel Cherenkov cni.

e SC solenoid n=1.015~1.030
Linac L3T
KEKB CsI(TI) =T S ooy ¢
west for CPV 16}1@
— TOF conter
Luminosity B e e =
& GeV e fi S B i
33 \, Central Drift Chamber
Peak >16.5x10 small cell +He/C.H,
lem?/s
Si vix. det. /'K, detecti
LL etection
Total >700/fb 3 Iyr. DSSD 14/13 Iyr. RPC+Fe
integrated

Moriond, La Thuile, March 1-8 2008

e
Tony Limosani - University of Melbourne
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6580 Csl crystals
e+ ID, m% and y reco

Electromagnetic Calorimeter
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April 7th, 2008 Henning Fliicher (CERN)



[Belle, PRL100, 021602 (2008) 657M BB]

Lo B’ p°

D

8ok . q=1
70F i’}
60F

50 ; +

* Time-dependent CPV in B’ —p’y -
33 7

A _(At) = SSInAmAt + AcosAmAt
- § ~zero in SM of _¢_+

Q&=
— A could be non-zero 95 5 250 25 5 75
At (ps)

Events/(2 5 ps

) 1F
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met
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