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| Rare decays and New Physics

LHC: open the Box o
B physics: real particles ka‘/

. . shake the Box, listen

virtual particles

v “shake the box” where..

— NP effects are of the same order of SM contributions

— physical quantities are predicted with small theoretical uncertainties in the SM

- RARE DECAY Branching Fractions, ASYMMETRILES (Aqp, App)

v what can be learnt : decay O(BRy,,
- claim evidence for NP or B" -1V 10~
constraint NP parameters if B0 _, K* 0O 106
measurements are inconsistent BOO _, K *00yy 106
with the SM expectation Y 105
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¢f| Belle and BaBar : detectors and datasets

(B] Bcelle @ KEK B-factory

v E.=35GeV,E_=8.0GeV

v Y(4S) boost : By=0.425

v Data samples: =
900 fb! @ Y(4S) - 980M BB ===
0 93.6 ! @ Y(5S) - 2.8M B B, i
(data taking ongoin)

Belle Detector

Aerogel Cherenkov cnt.
>3 n=1.015~1.030

P ~ raciking +dj§ dx
. - (small cell + He/C,H;

- | NN i
: il u/ K, detection
Sivik det zm 14/15 lyr. RPC+Fe

3lyr.DSSD

ElectroMagnetic

15T solonoid . feiagl Calorimeter BaBar @ PEPII B-factory
gl Vs v E, =31GeV,
o E.=9.0GeV
e (9 GeV) v Y(4S) boost : By=0.56

v Data sample @ Y(4S) :
0430 fb' - 471M BB

Silicon Vertex Tracker
Instrumented Flux Return

elisa manoni university & infn perugia' 4




PHENO 2009 SYMPOSIUM May 10-13, 2009, Madison

¢ | Ingredients to rare decay searches

—~y How to Exploit the kinematics 1) DO

K 4/
v RECOIL ANALYSIS: 7<_B _‘_
Tl() tag

— fully reconstruct one B 1n the event in

semileptonic or hadronic modes (B, ) and constraint its kinematics

tag

— search in the rest of the event for the signal signature (B3,

—-> usec'l when tbere are un(?etecta‘ble particles in the my, = /Elz?u —p?
signal side; efficiency O(10% + 103), very clean sample AE=E. -5 /9
=k, -/

v EXCLUSIVE ANALYSIS:
- reconstruct the all the BSig and

decay products and constraint

1ts kKinematics

— higher ethciency and background contamination
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B -1V
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| B* - T'V theoretical overview
v' SM predictions: ’

Ve

G m.m? m2 ) . L r+
BB - TV =— LB [ —— 2|V, [ 1, e
S8TT m
B U g-&-

[, =216 + 22 MeV (A. Gray et al. [HPQCD Collaboration], Phys.Rev.Lett. 95 212001 (2005))
|V, | = (4.39 £ 0.33) x 10~ (E. Barberio et al. (Heavy Flavor Averaging Group) (2006))

- BB" - 1T'V),,=(1.59 £ 0.40) x 10"

b Ve
v NP models
— SUSY : charged Higgs can mediate the annihilation H+
@(B+ — T+V)€X) R g mZB
- — = ] =fan’ B=- (W.S. Hou
BB — TV myy Phy.Lett. D 48, 2342
..... (1993)
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B*= 1V 1n the SL recoil
DOy, e,

VS

r'l'*V
WV, LWV
B -tv { ©
S18 TV, P (TTTO)V
\ BaBar only

background suppression by using event shape and kinematical variables

most discriminat variable: extra neutral energy i the calorimeter neither

assoclated to By nor to B, (E )
v Results:
3 S S
D 3290 > e -
350F , . B
s ook Ol arXiv:0809.4027 BABIR
O E =i Syl e
?2505 E:}l 417() fb >-;; . . 3 1—:
arXiv:0809.3834  »200¢ P (1
605 fb! 61503 © RRE
- H - = E Generic MC ]
N = ==l
20E &3 E
[:] :I 111 | L1 1l | 1111 | 1111 | 111 = 1 ;— —;
0 02505075 1 £
Eccy (GeV) 3 E

BB* - T'V) =(1.657 50

)x107~*

—0.37-0.37

" Euen (GEV)

BB - 1'V)=(1.8£0.8+0.1)x10™"
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BB* - TV), =(1.59 + 0.40) x 10

1000———

H* Mass (GeV/c?)
[®))
[em]
(=]

- excluded region

i

=)

S
\

200

95%

- with inclusive V,
s and fzfrom HPQCDOS

Tevatron Run I

LEP

20 40 60
tan 3

V ;, tension between measured result and fit estimate

80

100

»'| B* - TV and phenomenological constraints

BB* - TV)yp =151 0.34)x10~* (HFAG BaBar + Belle average, Summer 2008)

BB* - TV)g ., =0.797:0) x 10

1000

H* Mass (GeV/c?)

e

800

N
]
(=

=~
=]
(=

200

Tevatron Run I

0 | | |

0

| L L L |
20 40 60 80 100
tan 3
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B - K"l
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o!| B — K1l theoretical overview

Operator Product Expansion framework: 3 etfective Wilson coetficients

govern the b - sll process

. - I
-, : electromagnetic pengum (modulus !
from b - sy/sll, sign from b - sll) Y. Z s W Vo T
b %1DVVJJ§ s b ) ) s
- W

f,eu tcu

C, : vector part of electroweak diagrams

q q q q

C,, : axial-vector part of electroweak diagrams

— NP can change magnitude and relative sign of C. wrt SM predictions

v All the following results from:
- PRL 102, 091803 (2009), PRD 79, 031102 (2009) , 350fb! — 384M BB

- arXiv:0810.0335 , 597fb! — 657M BB =S
=
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¢| B - KOIl: signal yield and branchmg fractlon LR

v e'e/pw par + {KYK KT, K, K}

;.,3 [ (C)}d BK U] data (dots);
v signal window defined by my, AL O 40; 1 signal;
. S | peaking;
and m(Kmn) for K =S i
. S {1 hadronic;
v veto B- (CC)XS by cutting on q2=m“ E 20 | combinatorial;
— Belle (BaBar) fits in 6 (2) g% bins E | total
w
half the bins 1n the low-q* region and the 52523 524 528 5.28
other half in the high-q? region mgg (GeV/c?)
: K1l —
v agreement between the two experiments ————
BKI Bkl ] |ML HE
(04879 £0.03)x107 | (1LO8 ! £0.09x10° | | = mmeem
0 0.5 1 1.5 2 25
gf [(0:89£0.07£0.09x10™ | (L1151 +0.07)x10™ Branching Fracton (10 .
: relative exp uncertainties:
v agreement with SM expectation U13% (Belle)

- theoretical error [1309% [118% (BaBar)
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¢'| B - KOll: direct CP asymmetry
r®-K 1'N)-T®B - K1
B - K I'1)+r® - K1

N

ACP

p —

v predicted to be O(10) both for K and K* in the SM;
enhancement up to 10% in generic NP scenarios (Bobethet al., JHEP0807, 106(2008))

v experimental results in the combined ¢ region:

- consistent with null direct CP violation

>
LA
OELLE

KTF o [=0.18%% £0.01  [=0.04"% +0.02
KO | 0.02°0 £0.02 | —0.08% ), £0.02
K1t | 0.01%9,£0.02 | =0.18%7 +0.01
KT | 0.01%9 £0.01 | =0.10%° +0.01 ‘
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5f| B - KOlI: Lepton Flavor Ratio "

R =IB - Ky
K7 B - K'e)

=

v 1n the SM:
Ry 01,
Ri- U1 (0.75 including the q2<2mH region where the e channel 1s enhanced);

v SUSY with large tan3 : enhancement up to 10% (Higgs preferentially couples to )
(Yan al., Phys.Rev.D62, 094023(2000))

v experimental results:

- consistency between the two experiment and agreement with the SM prediction

>
R, 1.03£0.19+0.06 0.96°04  , +0.05
R,. 0.82+0.17+0.01 1.107042 . +0.07
Rg. (including q2<(2mu) ) 0.56029  .+0.04
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1B - KOOIl : Isospin Asymmetry

I

KO _
[ =

re’ - K" -(r,/7,)F(B*

rB’ - K"I'l")+(r, /1,)[(B*

v SM expectation: very small asymmetry, =

L dAL/dg* (%]
reaches O(%) at lowest ¢ it
s\, Feldmann and Matias,
v experimental results: A JHEP 0301, 074 (2003)
- no isospin violation at high g2 e U
- at small ¢? - 2 __
ABSKT) [ 0.2940.16 £0.03 | + <>
7> T 051 S —
_ +0. [ S el o T™r=. CCErrrrrr P RS
Wy | AB-KI)  [0.81017, 20,05 oS == i
AI(B — K(*)H) 'O.3O+012_Ollio.04 1__5 a - Ié!:l
4—%2 e _‘P‘N
o s5F Y
ABSKT)  |[0.56017,,+0.03 e E’
05F | &
+0.56 o T —— ]
AI(B - Kll) '1.43 S _08510.05 _0-: ;_ !
7= —
signiﬁcance from null A;(B - K"ll): 0 = 2.24 Zo- 20 225

stat+syst

E o o4 | M PR i
0O 25 5 75 10 125 15 17.5 20 225 25
q°(GeV/dd)
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5t | B - K*11 : angular fits(I) ot

longitudinal K* polarization F; :

sensitive to NP at low g2

By : angle between K and B in
K* rest frame

kp Low ¢* High g2
BaBar  |0185 20,10 [ 07102000 Jo ot
< ¢ S V2
Belle 0.53 +0.14 | 0.11 +0.09 gl cos G+ (L= F ) (L - cos” )
— determination of I
w127 1;('b')"" AR AR N AR RS

o.cz) é __________________________________ _+_ ___________ _+_ 0.4

0.2F 1 0.2

_04:‘”|.‘.\Hw.‘.| ] | N
"0 2 4 6 8 10 12 14 16 18 20 0

q(GeV?/c?)

I 1 .
IR BN N AR A S SRS A A N R

6 8 10 12 14 16 18 20

- 08F |
0.8} B 1 :
0-6? BELLE 0.6:— :
0.4}/] 0 j | .

| % | ;
[N R
0 2 4

SM C7=-CSM7 (Kriiger et al. PRD 71, 094009 (2005))
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B - K*ll : angular fits (II)

forward-backward asymmetry :

A (9)

d’rB - K1°T)
dcos@ds

J‘_ll dcos§

Sign(cos )

dr(B - KT1°17)/ds

(sEqQ/mQB , 8 angle between 1°(I) and B(B) in 1l rest frame)

v

fit to cosB:
%FL(I —cos’ 6)

+§(1 —F )1 +cos” 8)

.....

— determination of A,

Ali et al. PRD 61, 074024 (2000)
Buchalla et al. PRD 63, 014015 (2001)
Ali et al. PRD 66, 034002 (2002)

Kriiger et al. PRD 61, 114028 (2002)
Kriiger et al. PRD 71, 094009 (2005)

Jhy

L T T

SM

EE L G R

Y __(SM
C,~CM,
Y —_(SM (SM
(0('10 -C 0(' 10
—_(SM —_(CSM (SM
C7 -C 7C9C1<> -C S)C 10

iesy|

%

Illllll[.l‘illlﬂlllllllI|III|III|III|II-

-
Ay

N S

experimental results :

AFB Low q2 ngh q2
BaBar 0247045, g 0767072, 49
Belle 0.30 £ 0.15 0.58 £0.11

12F

15

0.8

06F

£ 04F

< 02

0K
Lo | I R | TN BT N MR R _0-2;_~ _____

2 4 6 8 10 12 14 16 18 20  —04f -

%(GeV?/c?) 08,y

14 16 18 20
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B_-Kvw
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| B - KOvv: theoretical overview
=Y~ b -svv diagrams i the SM model

v  SM diction: * — +1.0 -6 G.Altmannshofer et al.,
Preqicion: BRgy (B~ K7vv) = (6.8, )x10  arXiv:0902.0160
BR,,, (B - Kvv) =(4.5£0.7)x10™

v NP effects:

- Nons-standard Z coupling: enhancement of a factor 10 G.Buchalla et al. Phys.
Rev. D 63, 014015 (2000)

- New sources of missing energy: production of light dark matter via Higgs
mediated vertex, BRyp up 50xBRg,, C. Bird et al. Phys.Rev.Lett.93:201803 (2004)
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B - K'vV from Belle: analysis strategy

. in hadronic channels (B = DOnKm1y

v Belle: inclusive reconstruction of Bm

BaBar: combined results from the semileptonic and hadronic recoil analyses

—

b
=, 60 )

(! o 40 1 SL
:: - ll l"f" : 30F | [} ol .
4 ,lrl Ty 2T H ﬂlll% analysis
=30 ﬁnr'TH l 1 E = 205_?-:'}'111' it lI“Il1 1! m
2 208 1 ZiopF s ! :
510 K" KT 5 Oz--KO—» Tt
M o ok
_]-G: |||||||||||| 1[}_ |||||||||||
0 03 0 05 1
e'ﬂra (Ge-\ ) ECXU'B (Ge\ )
] st E '
o—l _ F l HAD
S/II-HH # analysis
6 [
4 0: —
2 [
p s
0

.6 0.7 0.8 0.9

PRD 78, 072007 (2008), 413 fb'!

11112

out

UL @90%CL | BF>K*w | B’ K%V

HAD 21 x 10 11x10%

SL 9x10 18x10

Combined 8x10 12x10 8x10°

UL @ 90% CL
Bf> K v B? - K 0yv
14x10-° 34x105

+

4

b) Bt — K*+urr

(l 020406 08 1

1:2 1:4
Egc (GeV)

O aNWPhOAOOON ®O

a) BO S K*O 7

™y

492 bl

PRI " ol
0 02 04 06 08 1

1.2 14
Ecc (GeV)

Phys.Rev.Lett.99:22180(2007)

I =)
<O
BELLE
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»'| B - K*VV and light dark matter

S

v light scalar dark matter candidate S (mq < 2.5GeV) J—
- b s SS transiion mediated by a Higgs boson (h) h;/ ’ S

with coupling A t(/\

related to the dark 4 b 4 S

9 _ 12 IOOGGV “1n /\J\E\i v

matter abundance |k~ =A7 | ———— g

in the universe my, m, = Higgs mass

for low mg, KLO(1) (Burgess et al. Nucl.Phys. B619, 709 (2001))

> F
v Use the measured UL to constraint mg vs K (% 12: eXCluded ------- .
— use BaBar UL and Buchalla et al 5 1-22‘ »""4;68% L
PRD 63, 014015 for SM prediction 12 # i@
— for high K: light higgs with strong coupling to SS It i 95% CL
— h - S8S can saturate the higgs decay rate making gi &
impossible the Higgs discovery at LHC 0-4;
0.2F

():I 11 ; I | T | I | -l | i1 1 1 I L1 1 1 I | T |
0 0.5 1 1.5 2 25 3
K
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| B. — OV, yy: theoretical overview

b

=

o
|

-~
W+
S - S S Y
B, - ¢y BY - vy
v SM prediction : BR(B, - @y) 040 x 10® v SM prediction : BR(B, - yy)[X0.5-1.0)x10°
with 30% theoretical uncertainty (Chang et al Phys.Lett.B 451,395
(Ball et al Phys.Rev.D75, 054004 Reina et al Phys.Rev.D56,5805
Ali et al Eur.Phys.J.C55:577-59)) Bosch et al J. High Energy Phys.08,054)
v 1s 1t consistent with the theoretical v several NP models can enhance BR wrt
prediction for b - sy transition, as in the SM up to 1 order of magnitude

B 4 sector 1s P
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BOS — (@, YVY: results 20017

Phys.Rev.Lett.100:121801(2008)

— Experimental searches performed using Belle Y (5S) data sample

B, - ¢y BY - vy

v N. =18%. v No evidence for signal
SIg )
= 18+12 -6 ;
v BB, - dy) =(5777)x10 v UL @ 90%CL.:
— first observation of radiative B, BB, - yy) <8.7x107°
decay
v Compatible with SM expectation v 110 x SM expectation
~10; ~
9105— 8 10 0_‘9 8; % 10f
-3 S o > ..
=¥ 4' ; 8 O 65 T ¥
2] 5 o oo S A
S IENTTANRS B/ JIE. B 3.
53 532 5.4 535 5.38 54 542544 0.4 030201 0 04 0.2 03 0.4 0 o ] 2L
M, (GeVic?) AE (GeV) S o F
> 20 0
- so. w r
a @ 03 4:‘..\‘H\.H\H.\.H\.‘..‘. -2 (IR B
__3‘ Ig,;_ . . 5.3 532 5.34 5.36 5.38 54 542 5.44 0.2 0.4
g - of .| R M, (GeVic?) AE (GeV)
o o Both Imited by statistics

M, (GeVic?)
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Conclusions
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¢| Conclusions

v Search for rare decays: test for the Standard Model and probe for
New Physics

v High statistics and clean data samples provided by B-factories
— 1mdirect search for NP
- complementary to direct search @ high energy machines

- reached sensitivity O(107)

v Experimental measurements allow to constraint parameters defining NP

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

only place where further searches for rare decays with undetectable

.

particles are feasible

...................................................................................................................................................................................
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back-up shdes
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|V, tension (2007)
Y |V, | from CKM fit
(meas. not 1n fit)

Br=(3.64 +0.19 Jo.ls)g\

w
(O

o
T ‘ LI

2007/03/24 02.34

|V, | from SL

Br=(4.39 +/- 0.33)x10-3

SM formula w/
fy = 0.216 +/- 0.022 GeV

N
Y

Br(tv) [x10'4]

s
(O

Belle result:
Br=(1.79 +0.72 -0.71 )x10+

~
\\‘\\

0.5

5 55 6

V | [x10°3
Vil ] Toru lijima @ Hints09

elisa manoni
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|V, tension (2009)

| Vub | from CKM fit | V| from SL
(meas. not in fit) Br=(4.32 +0.36 -0.31)x10-3
Br=(3.51+/—0.15)x10'3/—\
2009/03/19 15.18
<>
A SM formula w/
X 35F 4 15 =0.223 +/-0.024 GeV
= x
> 3
ol
2.5
’ - Belle/BaBar average:
L5 F e Br=(1.51 +/-0.33 )x10
j S T N I
G..ﬁ NS
0 fpsg iy Good progres
V5| (x107°) In experiments!

Toru lijima @ Hints09
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v background suppression:

- B

Inclusive search for B =1"v

B, = 1 with highest momentum lepton (ught particle ID) + B

module of the transverse missing 3-momentum (BaBar only)

g —€Xtra tracks and neutral

g AE and p (Belle olny), Fisher discriminat to suppress qq background, direction and

— main background left: qq, B - X Iv, Xh with misidentified h, two- y events for the electron ch.

v yield extraction:
- fitto B, myg (Belle) or 2-dim fit

Events /( 0.0018)

201

]

©

50

Events /(1 GeV)

n 30

soi + @ —_
[

40

R

%HL\ B—»e\}

to Btag My and pprr = 3pta lplCM+a2 leEST (BaBar) 5 ‘[H ‘ "
9% 5oh 5o 5 53
mgg [GeV/e]
Belle BaBar ‘1%12
B-ev B-pv B-ev B v %w—.
£, (2.420.1)% ©9:0.)9% | (4720.3)% | (6.120.9% | £
Niig -1.843.3 4.1%£3.3 17.9¢17.6 | 1.4£17.9
ULy, 1.7 x 10 0.8x109  [1.9x10°% | 1.0x 109 )
(Lumi & Ref) | 258 ! Phys.Lett.B,647,67(2007) | 426 b arXiv:0903.1220

8 5.3

2
eVic?]
|
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