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Rare Decays

€ The SM has been able to explain in coherent framework (almost) all the
experimental evidence of weak, strong and electromagnetic interactions

€ CKM picture has been able to explain all the measurements in flavour sector

€ BUT we know this is not the ultimate theory

¢ Everybody is eager for New Physics:
| ?omp?emeniary ‘
¢ Explore energy frontiers (Tevatron, LHC) approaches
€ Measure precisely virtual processes which can test high energy scales

¥ Rare decays provide many clean probes:
€ Ifa suppressed decay is observed, clear sign of NP

S If an UL is set, NP scenarios are constrained

B
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Outline

¢ Bto Tty tan B vs mys '
¢ Boh®MyTy Dark Matter/SUSY l
€ B>ty (Ize, i) LFV (& tan B vs mus) |

¥ BOJ/ Y ¢ Rescattering effec’rsl
¢ B K /KK b->dds & b->ssd '
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Analyses Overview

¢ Analyses with undetectable particles from signal B decay:

¥ Recoil technique: low efficiency (1% - 0.1%) but HIGH resolution-->
""'-,_necessar'y when more than one neutrino is present

A WY
...-w"B_é‘ | ¢ Semileptonic tagged recoil: higher efficiency but lower purity

.

N, € Hadronic tagged recoil: lower efficiency but higher purity

B*—=1t*v/B—=h*v v l
¥ Totally inclusive reconstruction exploiting kinematic constraints:

HIGH efficiency but low resolution B:= Ity (Ize, i) l

€ Analyses with all detectable particles from signal B decay:
8 Bt=K ' /KK mt*
* Full kinematical reconstruction of the event possible
B-J/v ¢
I
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b—s v v

FCNC standard probe for NP < forbidden at tree level in SM

B(B — K*VD)‘SM (681_%(1)) X 10_6 Altmannshofer et al. 2 5 v
B(B — Kvi)lsm = (4.5£0.7) x 107 —|°'"X'V‘°9°2'°16° . :

* AF =1 ftransitions via one-loop box or electroweak

SM .,
penguin diagrams f/'f/
W, W,

?—t

* NP can enter through several exotic scenarios _ s
25 T T r r T T T —T
, G. Buchalla et al, .'
*  Non-Standard Z Couplings PRD 63, 014015 ] Sca]mwiﬁ: -
: : T.M.Aliev et al S 2 Vectoroperator ===
*  Unparticle Physics arXiv:0705.4542 ’
C. Bird et al =S |
*  Light Dark Matter PRL 93, 201803 Z
* SUSY, Unparticle etc. can strongly affect the 7 R
+o] / e Rl PR
kinematic in terms of sy, = m%, /m% 5 s / \
Theoretical calculations for these processes Lo,
08 1 12 14 16 18 2 22 24 26

particularly reliable due to the absence of long |« .rergy spectrum with x G

distance interactions which affect B-> h*l| unparticles
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B—h(y vy analysm

€ h=K, K K K* mmnf p* pO

I

Lo

BELLE

- Hadronic recoil

¥ By selected with Eect =Erot - Erecs0.3 GeV

¢ (Standard) Model dependence introduced
applying cuts on signhal h* kinematics

¥ Cut & count yield extraction

¢ Feldman-Cousins UL extraction @ 90% CL

KOy v<3.4x10*
i iU
K'v v<14x10°
KOV v<1.6 x 10

© « N W & o

= SRE

wh -
ON&OBON&S

O-Nu.uﬂﬂﬂo
-

a) BY — K*Oup ) BY — Kty sk 13 — K+up
. ; N
W’F A L'L N
' iy LT
3 | 2F 1 e 5ﬁhk
0 02 04 06 08 1 12 14 9 02 04 06 08 1 32 14 % 02 04 08 08 1 12 14
Ezco (GeV) Eecy (GeV) E.c, (GeV)
d) BY — Klvw :so 3 BY — :: E f) BY — «a"vi
sk 12
bod 1 wfF |
‘ o ] | —"Y_:+_ [ 8F
7] BB 4 |
sk 2
0 02 04 06 08 1 12 14 % 02 04 06 08 1 12 14 %0 02 04 06 08 1 12 14
Esc, (GeV) Egc (GeV) Ecy (GeV)
g) BY — o = h) BY —pluw : 3 i) BY — évw
- i+ oF
E*~ , 12E 14 ‘F
] i —0— ‘g :]_] | in :: "'—_ _L
E—; : "—+— 2 ! 1
0 02 04 06 08 1 12 14 go 02 04 06 08 1 12 14 °o.+:L_oE_o£ 08 1 12 14
E;c, (GeV) Ege, (GeV) Eqc, (GEV)
PRL 99, 221802 '
Mode Nobs Nbkg eff(x 107)
*
KOy vy 7 42+14 5.1+0.3
*
K*v v 4 5.6+1.8 5.8+0.7
Ky v 10 20.0+4.0 26.7+2.9
KOy v 2 2.0£0.9 5.0+0.3
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Bq K V V anal Se PRD 78, 072007 I

¥ No model dependen‘r cuts on K* kinematic

FEeoxira Fit Results
, , N. 22+ 16+14 3+ 17+ 15 35+ 13+9
First completely model independent analysesl! Ns 54 +32 | 869 + 34 476 + 25
e (x10 ") 56 0.7 | 43 +0.6 6.9 = 0.8
: : : N 10" 454 + 5
€ Most important variable Eextra SL: ML fit to [;If’fgé;o CL)) TTElm ST

EexTr'a distribution

¥ HAD: fit to NN output ) 2 3
el vy ‘v 2

NN variables: Rz, CoseBTog/T, Emiss + ; 5 g'

Pmiss Cosemisso MK*: MKS: Eex‘rr'a é é é

. 2 2 $

¥ HAD and SL results combined e i s— e

(GeV) (GeV)

c\tn

c\m

€ UL extraction in Bayesian approach @ 90% CL

: :
sL HAD <1 < = 4
KOy v <18x10° <11x10° g g g 1
= = =
K*vv <«9x10° <«21x10° e ;
6070809 1 1112 6 27 0.8 09
Combined K** > KOs Now O->K+RNN°“

NN Fit Results

K9y <12 x107°

N, 546+ 4 3744 10+9+6
. N, 39 £ 9 51 + 10 77 + 13
K*y v <8x107 “(x10°9) 5805 5.2 £ 0.6 166 £ 14
\Bh L (x10%) 10.128  0.010 = 0.344 7.175  0.008 £ 0.222
* _ UL (90% CL A x 107 Ix10°
Kvy <8x107° UL (0% CL) < x

S |
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Limits on Dark Matter

¥ Let's suppose there is a light (<2.5 GeV) scalar dark matter candnda’re S

L DO MHSS S From BaBar UL
L (using for SM Buchalla, Hiller &
H.

Isidori PRD 63, 014015)

”-
. S

b //\\ *

W

(mg [GeV])

€ The UL can be translated into S mass & coupling
constraint

N.B. the H->SS decay would saturate
the Higgs decay rate, making
impossible the Higgs discovery at

LHC
Hz - )\2( 100 GeV )’l “() A

mp

Burgess et al.
Nucl.Phys. B619, 709

~ (1) from cosmological constr.
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See A. Bozek's talk
for Belle results
onB->t vy

v v=(1.2 £ 0.4) x 10
y y 2\ 2
In the SM B(B+ — £+V€) = G%Tg:mf (1 - Z:_g) fl23|Vub| B mv= (56 + 04) X 10_7
B
ev=(1.3+04)x 10!

b f
\ wH / Annihilation process : helicity suppression allows
B , charged Higgs to be competitive with SM
‘ Directly test Yukawa interactions
u f v
* Inageneral SUSY scenario *P (1 — tan? B—2)2, W.S. Hou
i B(B* — lty)sm ( M121) Phy.Lett. D 48, 2342
: : I'(B™— u'v) I'B*—e*v
* Inaparticular MFV scenario R®y.= B —tv) R, = 1“?;*—» :V; G.Isidori & P.Paradisi
with non minimal LFV Phy.Lett. B 639, 499

A ~10% (RB,)M ~ 10% x (RB,)SM

B
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B=->I*y with SL recoil

— - 41 -1 |

Tag B"—»Dof"VfX (€=e or u) S—fb'
B* * Most powerful variables: Eextr and

momentum of signal lepton in B rest frame

(p lRESﬂ)

*  Remaining variables considered for
likelihood ratios (LHRs) of PDFs
separated for continuum and BB
background

Use pfEsT  * Cuts optimized separately for each
@ for separation mode

* Background estimate from Eextra
sideband data rescaled with MC
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B*->I* v with SL recoil

Fvents 0.72 GeV

arXiv:0809.4027
Mode Expected | Observed Overall Branching %
Background | Events Efficiency () Fraction ;-:
(NG) (Nows) S
T e vy | 9113 148 (3.08 £0.14) x 1077 (4.0 +1.2) x 107 4
2
TT = pTv i, | 137413 148 (2.28 £0.11) x 104 1.0753) x 107* Z
Ty, | 233419 243 (3.89 £0.15) x 1074 06752 x107*
T orw %, | 599 71 (1.30 £ 0.07) x 104 2.0714) x 1074
" BT -7 w | 521431 610 | (10.54 =0.41) x 1077 (1L8+£0.8+0.1) x 1071
B™ — u v, 15 =10 11 (271 +£1.2) x 1077 <11 x 107" @ 90% CL
BT —ew 24 =11 17 (36.9+1.5) x 1007 < 7.7x107% @ 90% CL
o & Generic MC
& & —— OnPeakData -
g = —— Signal MC —:
e E -
2 z :
fB*->e" v | BaBar 3
. - preliminary | -
Eeun (GeV) : I 7 S
PRD 77, 011107 Eayses (GeV)

J¥ Combined with previous BaBar ¥ Using |Vuw| = (4.43 + 0.54) x 1073
measurement with HAD recoil: Latest lattice QCD

B> v=(1.8+06)x10* | _fe=230257 Mev | faz2les2z
- A. Gray et al. PRL 95, 212001

B |
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inclusive

i I
; i ' . . 2 b1
¥ Look for the highest momentum lepton in the gv‘[ i Y L'
event and use all other tracks and neutral to =4 0™ .
g | S>uty
reconstruct Biqg £ o .
s H | Efficiency (2.2 + 0.1)%
g | YN EIE N Yield 4.1+ 3.1
* Tight requirement on lepton PID and momentum *w*‘“‘ 11\‘
ST R AT s
™ T pical background: e,
Y M, [Govic)
¥ qq, B->Xu | v E:‘_ 5oen
%1:} B->e*y
‘EBmg requiremen’r on AE ;Ea" | ‘ IW,P-L—+N Efficiency (2.4 + 0.1)%
°’[HT |\ | ] N\ Yield -1.8 + 3.3
i ‘ ..... \l
i@Background suppression: modified Rz in Fisher, i | }
M M ; aadaaalaaala ol ..l.‘.lA.AlA..LA:I‘lAAA
meISS>1.75 Gev Gnd COS 0 mISS<O.84 (082) S n 16516510 57 z.?:s:a;jrié::t?:a

B:— 1 <1.7 x 10
Bt—ety<9.8 x 1077

$UL extraction integrating 90% of likelihood Phys.Lett. B 647, 67 I
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Reconstruction technique similar to Belle's

Events / (00022 )

Additional background from two photon r%
processes for electron mode T

°2 S22 524 526 SR 53 _
mg [GeVic')

Biog requirement on AE (and pr)

Events /{ 1 GeV )

Event

Background suppression: topological and
kinematical Fisher optimized separately for

m
22523524525526527528529 53 53]

each mode on b different variables oo [OeVi
B*->u*v B*->e* v
ML fit to Btag Mmes and linear combination of Efficiency (6.1+0.2)% | Efficiency (4.7 + 0.3)%
Yield1.4 +17.2 Yield 17.9 + 17.6

signal lepton momentum in B rest frame and

c.m. frame arXiv:0903.1220 Bitm 1ty < 1.0 x 106
Preliminary, submitted to Phys.Rev. D

UL extraction in Bayesian approach Bt— e*v <19 x 10°

N
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Bt— (1 *y constraint

I
|
|
ok y.ul(M — L) w !
M : anlDlBooo [R".!k B .‘\S:r‘:.\! — l:il‘l !’}.k B C’p"r. J L ”'L\\

| : l If?"-' o
e MBS RN 1 m m; N tan"3 - | |
RYFIMSSM _ ( pl/FySM I ..\! A @ a . ! . ; |
( M )I.}‘\ ( N ) [ [{."!;“’ ( .\I!} . ) (771)2 e (1 * dan‘a)z J /'-'./\i/\u-\
With K decays, tau not With B decays,
GCC@SSible Y] Only A13 A13 ANDA23 Isidori & Paradisi
R measured at O(1%) Only UL on Rg but Phys.Lett. B 639, 499

accurancy similar constraint!ll!

RBu/T

T — M With BaBar UL
io = arXiv:0801,1817 _
60 G0

40

40

. A = 10"

M .-

: . ;\1_', =5 1C‘
20 B s.=10° 20 B s =500
y 0] a, =102
200 400 600 800 1000 200 400 60D 880G 1000

Charged Higgs mass (GeV) Cha«ieri Hiﬁﬁs mass {GeV) |
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B—> , / BO—J/¥ ¢$<9.2 x 10°°
: —‘ BaBar, Phys.Rev.Lett.

91, 071801

€ Probe for resca’r‘réring effect

b c
- Important to understand patterns of CP W:I’EL’,(
asymmetries for charmless 2-body B decays c
d
, | s
¥ Selection cuts:
d s

~150 (—60) MeV/c® < Moo (M, ) —myse <+36 (+36) MeV /c?

Mk~ — mg| < 10MeV/c? PhysRev.D 78 011106 | 605 fb! |

527 GeV/c® < My < 5.29 GeV/c? -
>12 [~ - = BO—>J/pK*O
8 - B9—J/ %Ki
' ) . B =T = = continuum
¥ Dominant backgrounds (taken into accountin & [ siagl
~ L 0
the ML fit): 88 T
- R
BY - J/WK*(892) - K77 = ====-= g 6 e+
B~ — J{UK,(1270)[— K7 7% T \
4 ) - '
Signal yield 4.6 :3% T L
Significance 2.30 2 * : [ -
Upper limit of signal yield (Yag) 9.5. ' :

o 4
02 015 01 005 -0 005 0.1 015 0.2 025 03
AE (GeV)

: |
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B ->K /KK

b— qqs/b — qqd ~

u,c,t

o
=
=
c o o
S

Q o

cl
cl

cl
c

~0O(101%) l

(VigViE ~ A’ ~3-107°) - b — qqs/b — qqd

(01 = dyv"bdpyush,) /4 l
SM ' MSSM '
RPV l

O, = dl '7”b'7 dn’?’usm

LN ¥ Y |
RdeLéR’
717 37 o
RbidLéna

1 |C“”‘9"| x 2.0 x 10~3 GeV®,

@.Cnm C’”" "% 9.2 x 10-3 GeV?, Can constrain RPV :

mlcf +clz x 1.0 x 1072 GeV®

+ |cf' + (Z’;,Z’|2 x 1.3 x 107 GeV®
+Re[(cF +¢7) (¥ +¢F) ]
x 6.7 x 107* GeV®.

3 2
100 GeV , .
( ) ’\7121’\7113

g
n=1 Vn
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B*->K 't /K K‘“n analyS|S

B—K'n 'n<18x106
B-—K'Km<1.3 x 10°

¢ Efficiencies: 21.6% / 17.8%

€ NN variables: L2/Lo,|cos O beam|, |€OS O thrust|,

B'rag flGVOUf‘,AT/ 0 At

€ Four specific bkg categories +
BB generic + continuum

€ Feldman-Cousins UL @ 90%:
m<7.4x107

B*+—K*rr*

B*— K'K '« 4.2 x 10/

Elisabetta Baracchini -

BaBar, Phys.Rev.Lett. E”"i
91, 051801 (2003) &'

€ J/0 . D°and ¥ (2S) vetos

Events/ (2

5.26 527 5 28

Events/ (002 GeV)

)
2

Events / (2.6 MeV/c’
=
L~

Phys.Rev.D 78
091102

426 fb |

528

Events/ (002 GeV)

2 300f £

-] [ -

3 200 g

s | =)

=~ 100} =

5 | 5

m 0 , , s

0.6 08 1
NNL‘UL
B - K'n 7w
Category 1 2 3 4
Dominant mode(s) B —=D%; B —samatn B =K rn&|B"->K"'n™
D" K K+ B - Ktg—q
Number of expected events 803 57T =4 472 = 24 4341
Number of observed events 61 =70 —153 £ 94 1116 = 347 —26 =152
mes Structure Peaking Peaking Broad peak Broad peak
AFE Structure Left peak Right peak Broad peak Right peak
B K K«
Category 1 2 3 4
Dominant mode(s) B =K KK B —Ka'xm B —D%; [Generic B'B~
DU _a K—‘T*“(l
Number of expected events 190 =9 1984+ 9 61 =4 312+ 11
Number of observed events 213 £ 41 240 = 37 —34 £ 55 380 = 117
mes Structure Peaking Peaking Broad peak Broad peak
\  Left peak Right peak Left peak Jontinuum-like

L —— STt
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Conclusion & Outlook

€ Rare decays are standard probes for NP searches given the low decay rates

¢ They are complementary to the direct exploration of energy frontier and
can access even higher scales

€ Thanks to the improved analysis techniques and the huge integrated
luminosity, today is possible to reach O(10°-107) in sensitivity

& . . . .
¥ Even if only UL, rare decays are already able to impose interesting
constraints on various NP scenarios

¥ Nonetheless, decays with undetectable particles in the final state will not
be measurable at the LHC and a Super Flavour Factory will be needed in
order to obtain improved measurements

B
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Backup Slides

B
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Detectors & Datasets

BABAR Detector > BaBar
g Babar ecorced Lugue PN 431

‘ MuonMadron Detector E BeBsr' Recordedﬁ(‘asg):dsaoz.gi? N

- BaBar Recorded Y(‘f:.) 5:13 féasﬁ‘;o N

Magnet Coil BaBar Recorded Luminosity: 531.43/fb gm §

Bl ©ecctronphoton Detector BaBar Recorded Y(4s): 432.89/fb | £ | ]

BaBar Recorded Y(3s): 30.23/fb 300} .

W cherenkov Detector N BaBar Recorded Y(2s): 14.45/fb ) )

. Tracking Chamber S Off Peak Luminosity: 53.85/fb 1

200 —

W support Tube ! ]

 Vertox Detector - 100} o

e g ohllll lIIIIII“IHII[H|I|IH1|HIIH|IIHHIIII[“IIHHIH||lllllllllllllllllllllll -

, A S A S

\ _ ;\ \ Aerogel Cherenkov cnt.

SC solenoid ?T\%:. 1 n=1.015~1.030
1.5T ] e il 3.5GeV e*
o Integrated Luminosity(log) CSI(T') 16X0 rL _\.\ | : ’ | l 3 _ - ::.. -
— KEKB \ e _,.:_.\-;“::::::- o .")7
oy = A A A (A i e
vy TOF counter -~ SN E
I_/——~—/J 8GeV e~ > - i e ‘ o
600 S/ , .,,...«ffé‘* = j ) Tra king bd\l:: ax
: /_/ P g V| small cell + He/C,H;
400 _/ - : I L= j
/ ‘ \ G -~ O ‘ :
/_/ A . / K, detection
Si vtg. det. AR
Ja?’l/1/00 _—]‘/‘1/01_/::/1/03 Jul/1/04 Jan/1/06 Jul/1/07 Jan/1/09 3 Iyr. DSSD 14/15 |yr. RPC+Fe
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Recoil Technique

Powerful technique providing a pure and clean B sample

which you pay with a low efficiency ~ 0(0.01) - O(0.001)  %asw
Ezmu 4
HADRONIC TAG v S 150
Btag < g’loou
‘\‘f“ Brec  a £ <00
[5 4
X ‘/’/ SIGNAL-SIDE 52 522 524 526 528 53
m,. (GeV/c?)
/ -
,,,,,,,, : mes = /s/4—p5
Qoo T ‘
% 800t | SEMILEPTONIC TAG v
080 600} o * Bt ag S
\?;400 .00. I ‘_xt-""’ Brec Y
£ 200( z\\\\\ v A7 SIGNAL-SIDE
=
5 a\
@ Y8 185
mp, (GeV/c )
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B—K" v v Model Un-dependence

Selection and Fit Variables chosen in order to minimize
the dependence on the kinematical model

(1.e. use variables with NO correlation to s = mwf/m;)

...................................................

[ ;J'J'. """"""
wd al o
! B
1 SN
. . _ui T.L‘ ' r]
missing 4-momentum: £ Tsce-. . : EHHRaoEa:
Bones . - : s jafalals]z GO0 L
pmiss=pbeams_pol_pK‘ : 4 ¢ |
Emiss VS. S Emiss + |pmiss I
J‘W‘%\ ( A VS. S
e - bt 1 0203 04 08 06 0.7 0.8 09 1§ ‘fi-“"‘lhl“"l‘f TS UV US UG U.7 U8 UV 1

B
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B—K v v and MFV SUSY

* Assume a Minimal Flavor Violation (MFV) scenario:

- NP enters only through modifications of the
functions B(xX.) and C(X.);

> |
e NP in B(X,) expected to @ T
give small contributions; A -
>\O.OOIST
e Set a limit on AC = C — C, =
. _ 8
assuming B By e s a0l
o |
&
All the most recent results for I
B - K(*) v v are used 00005
NP in C as large as 6 times Bl 68% prob. area (‘{P 1 Ll
the SM can be excluded at 95% prob. area 10 5
95% C.L.
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B*->I* v with SL recoil

 Large excess in first 3 bins gives:
BF(B-otv(t—oevw)) = (4.0 £ 1.2)x10™

- -

'LIF;_,'—IH BBk | * Many sideband/control sample studies
ol F_{:F preliminary 3 performed:

E: +'_r:_1_ : - two photon fusion QED events: where a

: | +_j fake DO is reconstructed and the e’,e are
3 ] reconstructed as the tag or signal leptons.
v e e e No excess seen in the DO sidebands.

- events that contain overlapping e'e
3 collisions: study the separation of the
_ reconstructed B vertices, Az: possible

vvvvvvvvvvvvvvvvvvvvvvvv

+ Generic MC

—— 0On Peak Data

excess at high Az, however no excess
— Signal MC 1 found
4 ks
‘ ] - other samples studied include photon pair
T — ] production and Bremstrahlung recovered

B Y um — electrons

- Same number of electrons, muons from
the tag B: expected for true signal

B
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B=->I* vy with SL recoil

> m T Y T T L
"“ O'Sr_ —
T 3
ta 0.4 .
— 3
o 3 - -
g 03| preliminary
§ : T—¢VV
= 02 T—TVV .
(X - - “
@ | |
% 0.1} ? |
» xl =().18
= .
TV |
| N 3 4 1 4 4 3 P Y 1 4 4 "
0.5 | 1.5 2 2.5 3 3.5 4 4.5

T Decay Channel

B
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Photon Fusion Event

ef
signal electron

not detected

- my’f“.'
1 P ——

0
qQ‘*cos™™
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Bt— (1 *y constraint

- Flavianet Kaon WG
= arXiv:0801.1817

@ tan(f) &

40

20

& tan{yl @

40

AAAAAA

AAAAA

200 400

800 800 100C

Charged Higgs mass (GeV)

RB“/T RBu/T

At SuperB
with 5% error in
the ratio

D tan(f) X

40

| IS | -0

B s =5100 20 B A =510°
0] a,=w O a, =10°
200 400  GOD 80C 100 200 400 600 800 1000
Charged Higgs mass (GeV) Charged Higgs mass (GeV)

T |
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8 »eov 283007
w— w0 myeiamahcs
wnosyeamatcs

B uv 29

— W sysemahics
Wi syslematos

S varg wons

BR Likelihood
from Nobserved

hBR‘ ‘
Bayesian -
Posterior BR
Likelihood
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