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Rare B decays

’ Decays that are suppressed by either:

E Small CKM matrix element: |V, /V,,|~ 4

v'exclusive b—u hadronic decays:

B%—> n* 7, n0 n0
B— nnr, Knr, pp...

Br~ 10~ ,10¢

i i H a a
E Leading diagram involves a loop: 4—8 or —:ED
w i

v'gluonic penguin: b— s gluon(—qq) (exclusive)

Bon'K, K’ Br~ 105,106

v'radiative penguin: b— s,d y (exclusive and inclusive)

BoK'y, py Exclusive (b>s,dy) : Br~ 10567
bos y Inclusive (b>sy): Brx 104

v'electroweak penguin: b— s Z,y(—ll)  (exclusive)
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Motivation

-

H
New physics particles EF'\NVHE
in loops: i ‘ m m

might show up in:
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Different (higher) rates than SM only Different CP violation than SM only:

Direct CPV asymmetries require at least two
(SM or NP) amplitudes with different weak phases:

Constrain SM —

Af AT
0 R+ 1 RO R- »
® Time-dependent CPV: _ SElE » f #* BB » f
sin2a: Bonrw,pr, sin2f: Bon'K, OK
A=YAe =3 AP ®
f k
® Rates: k k
Vig! Vis|: BoKy,
Via/ Vil LRy Strong phase Weak phase
= QCD: (CP-conserving) (CP violating)

HQET parameters: b—s y spectrum

Af - \fo = —4AA,sin(5,-5,)sin(4 - ¢,)
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Particle identification:
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eflected herenkov light

Particle ID important for rare decays (especially K-r)
New kind of Cherenkov detector:

PMT + Base

~11,000
PMT's

®m Photons are
created AND guided

in quartz bars

Cherenkov
photons Purified Water
~

17.25 mm Thickness i
(35.00 mm Width)
Bar Box g
Track .

Y
Trajectory w\Detection OUTSIDE

Light
Catcher

¥ PMT Suﬁace/l cceptance
Mirror \ // 1 0|ume
I’Bar$ 7 ) | < J\Window /—Standoﬁ Box
P, 490m —) r91 my=) E190 1.17m
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Kinematic variables at a B factory,

Continuum background rejection

e*e>Y(4S) ->BB =) B produced almost at rest in Y(4S) c.m.s.

Kinematics: Topology:

Use beam energy to improve resolution: B decays: isotropic < » Continuum (u,d,s,c): jet-like

energy and momentum conservation gives Examples of topological variables using these properties:

o o =} L A L IS A RN AR RN AR RS
AE=E,-E i S e, o 4
B beam —0 for signal = cosfOy: angle between thrust £ 0.4F gf;K mg"ﬁﬂfm e =
*2 *2 of signal and rest of the event &0 et g
Mes = Epoom —Ps~ — mg=5.279 GeV/c? 9 3o o3
03 ® Lo, L,: momentum-weighted a 0.08" ¢¢ —
=7 | | - monomials 0.06 £
\.@_,/ | ) . ) B ~ BABA R 2 0.04? OC i
ﬂ 0.2 t - - _ ] LO = Z pi ’ L2 = z pi ‘(COS QTB, i) 0'02;fu'""ﬂ‘"‘-"0"'0%0“'0'0";5&559600.."."ﬁ:
Faa T o - = i=ROE i=ROE E MR e
[ . . - L e 0 01 02 03 04 05 06 07 08 (3.9 G)l
01f" "o - Signal hox #) Used in a Fisher or a Neural Net (NN): ot
ok u,d,s,c ) '_ ) E%H 1 -2 soo_Monte Carlo
- “background- - -¥i 5 . u,d,s,c
o1k - . I — % . Signal background
- ] 300—
- i £ i
02 . 5
-0.3 = S - 100
5.2 5.22 524 5.20 25.3
(a) mg (GeV/eT) 0 A ;
- -2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fisher Discriminant
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small CKM matrix

element (Vub) InCIUSive rates and

direct CP violation in B*h*h'h* ek

200

direct CPV, angle y Blanco et al, Phys.Rev.Lett.86,2720(2001)

help for angle o Snyder and Quinn, Phys.Rev.D48,2139(1993) (a) (b)
50[-
- veto DY, Jly, y(2S), xco mesons B-bkg e 100
- efficiency varies across Dalitz plot .
- cross-feed between modes taken into account \
(d)
Br (10) Acp
B*> n*nwt* 10.9+3.3+1.6 -0.39+0.33+0.12
B*— K*rtn* 59.1 +3.8+3.2 0.01 £ 0.07 £ 0.03
B*— K*K-K* 296 +21+1.6 0.02 +£ 0.07 £ 0.03 |
50
B*—> K*K-n* <6.3 N/A i
B*—> n*K-n* <1.8 N/A
=1
B*— K* - K* <13 N/A 0 01 0 0.1 02 522 524 526 528 5.

A E (GeV) mg (GeV/c?)
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small CKM matrix
element (Vub)

Exclusive branching

fractions of B*>K*n t*

NA T T T T | T T T T | T T T T | T T
O

> BABAR
e preliminary
NEI‘i

20 25
m2, (GeV/c?)®

" £,(980)

split Dalitz plot in zones

L=56.4 fb-1

reject resonance crossing regions (where

interferences are the strongest)

veto Jly, y(2S), parameterize other B bkg

f°(980) mass

preliminary

¥ indt=1020/7% O

s
u= 0.880 =
I"= 0.070

indl=931/7
quadratic = 1.0
gradient = 0.0

K'(892) helicity

preliminary

B* - K'0(892)r*, K® »>K* -
B* - f,(980)K*, f, »>n*n
B*— Xco K+’ Xco >

B*— DOx*, DO 5K* 7t

B*— higher K%z*, K ->K* -

B*— p%(770)K*, p® >n*n
B*— K* n-n* (non resonant)
B*— higher fK*, f >nt*n

Br (10)
10.3+£1.2 ¢
9.2+1.2 2!
1.46+0.35+0.12
184.6+3.2+9.7
25.1+2.0"110

<6.2
<17
<12

1.05 1
nx’Mass(GeWcz}
L L i e e

z
V G
1 o _© 2] g
[ AR RAR) VRARES LARRNLARLILERRI RERRRRER
|

- preliminary

.

|
T
e

o0
Ll |
1

S

Events / { 0.0014 Ge'

P
I

RPN

522 5.23 5.24 5.25 5.26 527 528 5.29

L

= (=]
T

Beam-Energy Substituted B Mass (GeV/c 2)
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small CKM matrix
element (Vub)

Br of B*—p°%*, p’K™

B |nterest:
B—pp modes: angle a
B—pK*: dominated by penguin ?

B Reconstruction:
> K*—=K*n?, Kox* 0
. . 5.2 5.225 525 ,
» (charmed) B bkg accounted for in fit Mes (GeVic?)
» average efficiency over transverse
and longitudinal components

40

35
14
30
12
Br(B — p°p")=(9.9%2+25).10° = :
20 | . ‘
Br(B' — p°K™)=(7.75, £1.4).10° = ) - S
10 )
° 2
%2 5,;;25 I 5,|25 I 5,2I?5 " sa 0 L L L - 1
Mes (GeV/c?) 0.6 r?'izﬂ ( Ge\'ﬁcz) 0.9 1
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small CKM matrix
element (Vub)

Isospin analysis in B—>nw

Amplitude relations (isospin symmetry):

CPV time dependent analysis in B> n* m-| measures o
eff

Need other nt decays + isospin symmetry to get o.:

BRs 7, wta0, %70 (limit) T
CP asymmetries  Acp(n*n?), S _,C_ |_ /
A\ J =
~ AO— :AO—
L=81.8 fb-! All measured:
g CULl BBk 3o BABAR @ B> n*m (4.7 +0.6+0.2) x 10
= g7 B*>ntn® (5.5 70 +0.6) x 106
2 3T B> n%n® <3.6x10°@ 90%CL
g 11T Acp(n*n®) -0.03 31 +0.02
pTT 3 3 | -+ l 4 /f\ 770 720
if T » o - Otegr] < 51°
0 Lo

52 521 5225235245255 .27 5.28 5.29

AE (GeV) o Meg (GeV/c?) @ 90%CL
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small CKM matrix
element (Vub)

Summary of B—hh

L=81.8 fb-1
Mode Nevents Br (10-) Acp
B’ > r'n 157+19 4.7 £0.6 £0.2
B > Kz 589 +30 17.9 +0.9 +0.6  -0.102 +0.050 +0.016
B’ 5> K'K~ <15.9 <0.6 (90% CL)
Bt -z x° 125422 +10  5.5+1.0 0.6  -0.03 £0.18 +0.02
Bt > K'z° 239 +22 +6 12.8 +1.2+1.0  -0.09 +0.09 +0.01
B > Kz* 172 +17 +9 17.5+1.8 +1.3  -0.17 £0.10 +0.02
B° > Kz’ 86 +13 +3 10.4 +1.5+0.8  0.03 +0.36 +0.09
B° - 7°x° 23 +10 <3.6 (90% CL)
B* > K'K® <10 <1.3 (90% CL)

La Thuile, March 9-15, 2003

Sandrine Laplace

10



Radiative
penguin

B—>K'y and B—p y

Cabibbo favoured

Cabibbo suppressed

* 1] 1) RN N L4 e .| T ]
B—)K'Y B—)PY . S . :’:‘ a) ]
a5t By KK 0.1i—.' ' ;- i - _:
L3 e ey el g . o "'-"e'.;.' N IR
5t Similarities: P RO B - S IS A B
30 H L . : '. o° !o .%. o LI ;‘ . i
B; B High momentum y oot et A s R ]
mE H 0 i | 2% |. < |.-: .m.:'... , i!’ ..:'- fl. | i
™ B Veto Y coming from = N A SRS A PR O ORARSRAAN ; b) i
= 155 R RANPYY .. L) |
g s = - : ":.:.' .'. :.."... ‘L s o
g i ET-] Ono:\. .'.‘ ..: -.o.-;-‘. o;u —
£ % Pyt ®e. ‘et ., el 3 7
= 8- -0_2!— . % el g.. . ,:: ..-‘. - ..‘:_ -

I * " [N 3 fa? "-:’ "r 9.:-‘! 3‘[!’ et
T For B—>K'y, reconstruct: o . ]
" - K> K*r, Kor° B>y b
2 - K*>K*n?, Korx* o N
BRI _0_1_— t J
TN s L i
mes(GeVic?) 02 7]
O3 ST 85 805 Sk $05 506 527 $28 520 53

Mmgs (GGV/Cz)

B> KO(K*r, KO )y
B*—>K™*(K*n?, Ko nt*)y
Acp(K'(K*m, K*r%, KO mt*)y

L=20.7 fb"

Prediction
7.5+3.0
7.5+ 3.0
<0.005

Measurement
4.23 + 0.40 £ 0.22
3.83 £ 0.62 + 0.22
-0.17 < Acp < 0.08

B—p®(n* )y
B*—>p*(n )y
B> wo(n*n 1)y
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0.5-0.75
0.8-1.5
0.5-0.75

<1.4
<2.3 @ 90%CL
<1.2

> 105

- 10°

7
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"W |Vi/Vs| < 0.36

@ 90%CL

Prediction from Ali, Parhhomonko
Eur.Phys.J C23,89(2002)

10 range from CKM fits:
0.17< |Vy4/Vys| <0.22
(Hocker et al, EPJC, 21, 225(2001))
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Radiative
penguin

L=20.7 fb"

“Semi-inclusive” = K + 1 to 3 pions
EY obtained from hadronic invariant mass

Fit E, spectrum moments to extract HQET parameters:

mg;=m,+A—

A3k,

2m,

. energy of the light

A degrees of freedom Ente_r tl)eoretlcal
predictions of
1. - Kinetic energy of b quark Vup, Voo from
q - . C inclusive decays
Fermi motion in B meson

. Hyperfine chromo-magnetic _, (known from B
" interaction

(E7)=F(A )

Ligeti, Luke, Manohar, Wise, PRD 60,034019(1999)
Kagan and Neubert, EPJ C7,5(1999)
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g F =

> 180 BABAR = 1%
O 160 - 160/
o~

o 140

&~ 120

<

Semi-inclusive b—sy

= 100
% 80
60
40
20

i

N I

U Jur|

il
1 12 14

S |
L6 18

o
=
=

26 2.7

M. [GE-V/CZ: E,[GeV]
b — sy)=(4.3+0.5(stat)+0.8(syst)+1.3(model)).10™*
o 200 m, =479GeVic?, A =024[GeVc T ] wa! au ]
2 180 m,,=4.65<azw:2,11=-0.48[G:wZ*]2 BABAR .
© 160 T =
S 1ot ;
£ 120F .
= 100E ]
= w0 ]
60F E
40F -
20E ! E
07 1 L5 2 I 2_3
M, . [GeV/cT]
A =0.37£0.09(stat)+0.07(syst) £0.10(model) GeV/c?
m, =4.79+0.08(stat)+0.10(syst) £1.3(model) GeV/c*
A, =—0.24'3% (stat)£0.02(syst) " (model) [GeVic? |
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Radiative
penguin

Fully inclusive b—sy

Continuum and B bkg are

L=54.6 fb™

orders of magnitude . e
larger than the signal: 2 After cuts [m signalexpe t:
-l @ contin expeq
= AR 8100 B _ bbar exp
2 Before cuts g signal expedf _ ~
N [
§ Require semi-leptonic decay on ‘g %
gL o
2 the other side: @ 6o
2
w

8

- high p” lepton: p(e,n) > 1.3,1.55 GeV

- large missing energy (v): E;ics>1.2 GeV
20

II|III|III]III|III

24 26 28
Y8 2 22 24 26 28 3 32 34 E* (GeV) simulated Data
E*, (GeV) - simulated Data
000 Br(B — Xsy)=(3 88 +0.36(stat) £0.37(syst) s (model)).10*‘
>soo— =
L7008 Signal ) 1
2700] , region Onpeak b E
©600- i . 6
ST L data — c
500 Ty / : — o 5E BABAR 02
§4°°__ _4_4- BaCngOL.md 543 net ’;i- A:G_a_mbl_r_l@_a_n.d__lv_h_sl_qls ______________________________________ l ............
K300/ / expectation 1} signal S ] S eSteeeceed
200; _é' . ] events g 3_Kagan and Neubert, . ® T '
ol -4—_4 —?- 2 ; @ 2;_ BELLE 01 CLEO 01
G_' Lol + L r%-\'é'miié?&?—gﬂi—%mﬁ - CLEO 95 ALEPHDS
18 2 22 24 26 28 3 32 34 ‘e
E, (GeV) e
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Gluonic
penguin

Brand Acp iIn Bon'K

L=81.9 fb™!

Reconstruct n'>nn*n, pl
Main bkg: continuum
Small B bkg to p%

(a) 800 signal
events

—

N

jo)
I

50 .

Events / 2 MeV/c?
4 g
[ T [

Br(B*>n'K*) =(76.9 + 3.5+ 4.4) 10
Br(B°->n'K° = (55.4 + 5.2 + 4.0) 106 _ ) ¢ °
Acp(B*—>n'K*) = 0.037 + 0.045 + 0.011 [ (¢) 200 signal B%—n K% N

i events 401

.._.‘:.___.

o

N
o]

-0.04 < Agp(B*—>1'K*) < 0.11 @ 90%CL 20-_

(8" — 7K’ WMM { o el '
- —+=122+0.13,,,£0.05,,£0.05 . 32 524 526 5.8 0. 01 02
F(B —nK°) meg (GeV/C") ' snnr AE (GeV)

Compatible with isospin symmetry

B Flavour singlet part of
These Brs are higher than expected: ll" E Intrinsic charm content in iy

Br(B*—>n'K*) = 6x Br(B*—>n°K*) ?? E 1’ from gluon fusion

E New physics...

Time-dependent CP analysis: sin2f in the SM _
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Gluonic
penguin

Br and ACP in B—>oK’

L=81.9 fb™

?E
?E
~ ]

E Reconstruct ¢—>K*K:,
K0 K*r, KOx0
K*—>K*n?, Koz*
F Main bkg: continuum
E Low B bkg because ¢ is narrow
(veto B —»D(Kn,Knr)m)

—
I\J

oo
T T

=
1 L

events/(2 MeV/cz)

Vector-vector decay: not a CP eigenstate

0
angular analysis to separate CP-odd/even 502 2 5 3 5 2 53
(for now, simplified due to low statistics: mES (GeV/C )K K**—sK*r /YnES (GeV/C )
separate longitudinal component)

0 0) _ +1.3 -6 Time-dependent
p / BI’(B - ¢K* ) - (1 115, 21 '1)'10 CP analysis: sin2p
AT v/ N Br(B" — ¢K™)=(12.1%4+1.5).10° in the SM

I, /T(B° - ¢K®)=0.65+0.07 +0.04
I, /T(B"—>¢K™")=0.46+0.12+0.05

2
1 d'r oc1(1—fL)sin2 6,sin? 0, +f, cos? §,cos? b, Ace (B® —> ¢K*©)=0.04+0.12+0.02
I' dcosédcosb, 4

Acr(B"— $K'*)=0.16+0.17£0.04
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EW

penguin

Search for B*f>K*v v

£ L B B R B L R B &
;3500 i [] all genericMC 7| &
2 o all data o
Emﬂ [] signal MC E
s =
= b =
2500
2000 -~
1500 BABAR
1000 - 1
[t we® o
500 M
vl
DN S L ol
00 0.5 1 1.5 2 2.5 3

-10

Remaining neutral energy (GeV)

T 7 T T T T T T . Eb;lﬂ rr T | | - e -

s Signal LY ]
-..." , region _ BABAR 1 = 1 . BABAR
L . \ = E . . E
g / : - _-
y - - —: 2 :_ . %
1o G

—f “2 -_ ’ bn

1 4f . ]

- Signal E 6 E_Onpeak_ . : ‘
. Monte Carlo {1 | data : E
B N T e s 0 OB 0SS T iaS 18 ins 2 338 as

o~ BABAR

D all generic MC
® all data
[] signal M

L=50.7 fb™'

2 neutrinos: no kinematic constraints !
Reconstruct the other B into

B—DY(Kr*, K n*nn*, K- nt*0)l-vX

where X=nothing or low momentum m,y

¢

SM prediction:

Remaining neutral energy (GeV)
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Remaining neutral energy (GeV)
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0.5% efficiency

+ cuts on signal side

2 events

in signal region

Br(B*—>K*vv) < 9.4 x 10

@ 90%CL

(4+1).10°
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Summary of direct CP violation

measurements

BD—} TE_K+ . - 0.102 + 0.050 + 0.016

By K" e - e . 0,09 +0.09 +0.01

B 'K° e m=——=x{ -0.17 +0.10 +0.02
By K® b=zm —+— &= +0.03 +0.36 +0.09
B*— 1K' [emmmmmpssssssssy  +0.037 = 0.045 + 0.011
B’ pK* = e s +0.19 +0.14 +0.11
B'D oK' [z —e s==={  -0.05 +0.20 +0.03
B 0K )b o===] +0.16 +0.17 +0.04
B §K === +0.04 +0.12 +0.02
BD_} TE+T|:- 73 —e— [55] +0.30 +0.25 +0.04
B nin’ P —— === -0.03 +0.18 +0.02 \
B ity o— e==——===1 -0.82 +0.31 +0.16
Bﬂﬁn-g s —ot ==y -0.11 +0.16 io.og}thw

B' o @ —+— s==x| +0.04 +0.17 +0.01  ®ntmeoponcen

M PR analysis

-1 0 1
time-integrated (direct) Ap
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Conclusions

B New Physics: no smoking gun yet (watch n’K...)
B SM contraints:
v  Theory of B decays: Determination of HQET parameters

v'CKM matrix:

B—p y/ B—>K'y:
sensitive to |V /V|
complementary to B,/B, mixing

IVio/Vy| < 0.36

@ 90%CL

o - Olege| < 51°

B—onn isospin analysis:

B The near future (500 fb-"):

Constraint from B—pyB—K*y

Mode Nevents Physics case
B—>X,y 11K |V, HQET Projected luminosity:
B-K'y 6 K |Visl
Botv 17 falVuol 500 fb-! in 2006
Bouv 8 fs|Viol > 1 ab! by the end of the decade
Bo>K®I*l- 200 A
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