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¢| Outline

v New Physics searches: how to
v BaBar detector and dataset

v Kinematics constraints

v Experimental results
- B—=lv (=1, u,e)
- B—=D"1v (not so rare actually!)
- B—=KYI
- B—=K'w

v Conclusions
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i | Rare decays and New Physics (I)

v Standard Model (SM) predictions n the flavor sector successfully conﬁrmed

by experimental results
v Many open questions present in the SM

picture — SM is not the ulumate model

v ..but which one 1s the right one?

mSUGRA
- » gauge mediated
SUSY €&&——
B — ADOINA lj-.' mediated
gaugino mediated
£uncuMwal_u1x mediation v

Twin Higgs

LHHcPﬁ;gs<:::

T parity
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..try to answer by comparing °
experimental results and SM
predictions

— constrain New Physics (NP)
parameters or claim evidence for NP if

measurements are inconsistent with
theory
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gf| Rare decays and New Physics (IT)

v 2 complementary approaches to detect New Physics effects

r LHC: open the Box -
“ s ., ~ B physics: real particles kﬁ{

. | shake the Box, listen \

R. Cahn

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, ASYMMIETRILES (A¢p, Agp)

decay O(BRg,)
B —tv 104
B—K"Il 10
B—K'vv 10
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o (e'e” — Hadrons)(nb)

As of 2008/04/11 00:0C

BaBar

PEP Il Delivered Luminosity: 553.48/fb
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y(4s): 432.89/b
BaBar Recorded Y/(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb
Off Peak Luminosity: 53.85/fb

Delivered lumi
500
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— Delivered Luminasity
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Ml A ke
'E& ‘§ '(-ég, 'l@(b Wébh ‘1969 ')é’ 'Pfé\ '190%
» S(Y(4S)) =1.1 nb
o =]l.1n
v sy (Y(45)) = 1
op =1.1x10* cm
L _
15| ++ Y28) BB thres{f
10} + | s Y(3S)
fo I Y(4S)
S5F 4 ‘—+ i“ﬁ’f + t',q"‘ as....,, SNy ".--’*J-t__‘_,
3.44 9.;6 10100 10.|02 1oj34 10137 1oj54 @ 1016’2

Mass (GeV/ic?)

BaBar detector and datasets

BaBar @ PeP-I1 B factory
v E. =3.1GeV,
E. =8.0-9.0 GeV
v Y(4S) boost : py=0.56
v Data samples
@ Y(4S) : ~ 430 fb'' — 471M BB
@Y(@3S):~30 b, @YQ2S):~15b!

ElectroMagnetic
Calorimeter

Cerenkov Detector
(DIRC)

e (9 GeV

Silicon Vertex Tracker
Instrumented Flux Return
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. How to exploit the kinematics

v RECOIL ANALYSIS:

- fully reconstruct one B n the event in

semileptonic or hadronic modes (I3 ) and constrain 1ts kinematics

¢ | IExploiting B decay kinematics

1)

D

K

0 Btag‘

- search 1n the rest of the event for the signal signature (Bsig)

— used when there are undetectable particles in the

signal side; B, reconstruction efficiency O(102 = 103), very clean sample

v INCLUSIVE ANALYSIS:
- reconstruct the B, decay products
and constrain 1ts kinematics OR use
extra- tracks and neutrals to reconstruct

B, (with 1 v the signal side)

— higher efficiency and background contamination | A= E, —~/s/2 ‘

_ 9 9
my =4/ —DPp

beam

elisa manoni
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B—lv
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'| B—1v theoretical overview (I)

v' SM predictions: b Z
Gim.m; m’ 2
F''*B'%] l 2
BB — Iv),,, = —Le () T\ ey P2
81 my
W+
v USngZ fB = 20() + 20 MeV (V. Lubicz et al. Nuovo Cim. 123B,67 (2008)) €+

|V

| = (367 + 21) X 10'4 (average of inclusive and exclusive res.
M.Bona et al. [UTit collaboration], arXiv:0908.3470[hep-ph])

= BB* — 1), =(0.98 = 0.24) x 10"

ub

v SM prediction using the SM Unitary Triangle fit
= BB —=1'v)y,=(0.84 = 0.11) x 10"

(M.Bona et al. [UTMit collaboration], arXiv:0908.3470[hep-ph])

v Channels with lighter leptons: B suppressed of a factor (m,/m,)?
- BB—=uv)gy = 107

- BB—ev)gy = 101
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& | B—1v theoretical overview (II)

v' NP models

b Z
- SUSY : charged Higgs can
mediate the annihilation He
o\ 2
_ @(B — IV)GXP ~1 —tanlz mé U ot
H2DM @(B — l,v) R e . m2
SM My
(W.S. Hou Phy.Rev. D 48, 2342 (1993))
_ MFV: RM/T _ F(B — MV) Re/r _ F(B — e\’)
P TB - v) P I(B— 1)

with Lepton Flavor violation sources, effects expected to be large in e and
u channels, negligible in v final state

— enhancement of factor O(102%-10%) for u-e with respect to SM values
(G.Isidort & P.Paradisi Phys.Lett. B 639, 499)
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B,,, = extra tracks and neutrals

v Background suppression:

- B

(to suppress qq background)
— main background left: qq, B—X_ lv, Xh with

musidentified h, two-y events for the electron channel

v Yield extraction:

¢ | B—e,u v : nclusive analysis
\/ B,;, = highest momentum lepton (aght particle ID) + missing energy

g ALL and transverse momentum, Fisher discriminant

- ' _ CM B,REST
2-dim fit to B, myq and pyp = agta;p~May py

Most stringent
limits reported
to date

B—ev B—uv
Esig (4.7%0.3)% | (6.1%x0.2)%
iz 18+18 1+17
ULy, 1.9 x 100 1.0 x 10

Phys.Rev.D79:091101 (2009)

468x10° BB pairs

Events /(1 GeV)

L3 iﬁ\mr&

d -

15 20
Py (GeV)

Events /(0.0018)

R [Py S e

(©)

Events /(1 GeV)

— > L

5(.)22 524 526

528 53
mgg [GeV/c?]
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. R arXiv:0809.4027, prelimimnary
B—lv in the SL recoil . iy 159x100 BT pairs

" TV

@} B, —DOlv,lsen v B, —lv

& L, evv, uvv
| vy, p(rtrd)v

v Lepton momentum in the B rest frame (pBREST) to distinguish T(lvv)v - Iv
v Background suppression: optimize cuts on
- PDFs of event shape and kinematical variables combined m 2 Likelihood ratios

one for e'e—>qq, one for BB events

- pPPR¥T and extra neutral energy in the calorimeter neither associated to By, nor

to Btag (Ecxlm) : a 3

; - : ERS R S, SEARE

v Background estimation from L. sideband Y ——

g BABAR 3

102 E: preliminary 3

Mode Expected | Observed Overall Branching e REA
Background | Events Efficiency (¢) Fraction .
(NBG) (Nobs) ; ,

BT~ 77, | 20230 | 610 [(10542£041) x 0T [I8 208200« 10| 2
Bt =ty | 15210 | 11 | (27014£12)x 107" | <11x107° @ 90% CL
Bt ety | 4411 [ 17 | (369+15)x107* [[<7.7x10°° @90%CL
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B—1v:

L cﬁ}

]

P!

nenomenological constraints

@(B*‘ — r+V)EXP =(1.73 = 034)X10_4 (Average of Belle and BaBar results)

v BR estimation from the Universal Unitary triangle fit (common to SM and Two
(M.Bona et al. [UTHt collaboration],

Higgs Doublet Models I and II)

BB — V) =(0.87 = 0.20) x 10
B(B — lv)

v

— constraints on the my-tanf3 plane

- combine B—tv and B—=Xy

measurements

- large values of tanf} for sub-TeV

my; disfavored

Ry = P ~|l-tan’p—2
HM‘@mewMT( m

(M. Misiak et al.,
Phys.Rev.Lett.98,022002(2007))

arXiv:0908.3470[hep-ph])

120

100

80

60

40

Excluded by:
.BR(B - X.y)

[ J0: ) ]
lIBRE - X.y) & BRB - ) -

PR S E ST SR HNN ST ST SR T S S
200 400 600 800 1000

my+|GeV]
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B—uv: phenomenological constraints

I
4 2 ( 6 -
RY/ MSSM. RY/ SM I+ 1 (my m; ||, o312 tan’ 3 | Ho
By AT R, (M. M8 (1+ etanp)? oo
Brv H u dll Ohr 7 N\

| iR UL \

I

@(B g Tv)exp /Amd,exp AQS e a 631 ¢ ! B !

Brv — ) R - ORrr . .
B(B = V)5 /Am g .
) ’ . (A. Masiero et al., PR D74:011701 (2006))
* Ry measured with 0.19% precision (G. Isidori et al. Phys.Lett. B639:499-507,(2006))
* comparable limits on the tanf-my; plane from
B—uv (UL on the branching fraction)
Rau/'r
~ Flavianet Kaon WG M With BaBar UL
arXiv:0801.1817 &
60
40
_ 0
(R = (2457 0.032)10%) .
i< 200 400 600 800 1000

LD A v (W) Charged Higgs imass (GeV)
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B—DUtv
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¢/| B—D")tv: theoretical overview

v' SM: b—c transition mediated by W boson , precise calculation of the SM branching fraction

-
Decay Mode B (%) hep-l()chl/l&l;loiatfgés’ l:/—;rr'< v
B — D7t 0.69+0.04 Falk etal; b c
= _ —- PLB 326 145 (1994)

B — D77, 141£0.07 q q

v Sensitive to charged Higgs coupling in multi-Higgs doublet models:

- complementary to B—=tv searches  (Nierste et al. Phys.Rev.D78:015006 (2008))

3'55 Ep =2GeV, Ex = 1GeV
30 ——gs =0(SM)
f Egs =141
S Egs =2

but with more precise SM

prediction (do not rely on f})
- H boson coupled to lepton
mass — NP effects stronger

1n T channel

T—> TV
g, = Higgs coupling constant

b i P

dl'(B° — D7~ ov) [1071%GeV]

my-E,-E_)-2E,-m})-m___ S -
cose=( B D “)‘ (‘? b) =1.0 -05 0.0 05 1.0
AEZ —m?)
D D cos 0
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Sy Phys.Rev.D79:092002 (2009)

¢ | B—=D")vv: analysis strategy (I) 259105 BB pairs

.\/ Fully reconstruct hadronic B

g decays

v Search for B, decay with a D(*) + e/u + missing energy

- primary light lepton or from t decay

v' Separate primary and secondary e/u samples by Signal mode Esig/Enorm
B~ — Dt v, 1.8540.02

B~ — D*%7~ 7. 0.99 +0.01
g — Dt . 1.834+0.03
B — D**+=7. 0.91 +£0.01

exploiting: p

miss? mlss’ pl

v Largest background surviving the selection

from B—DOlv for both B=D/Dtv

v Use B=DOlv sample as Mode B oo

normalization and simultaneously 5 (%] (Tstat)

. . BT — Dt v, 0.67%£0.37+0.11+0.07 1.8 (1.8
extract B=DOlvand B=DUwv |5 heo T b e 09950.1715.3 E5.8;
vields by fitting m?, ;- and p, B° — DT777, [1.0440.3520.1540.10/3.3 (3.6)
distributions. B° — D*'7 77, 1.1140.5140.0440.04|2.7 (2.7)
v' Measurements in agreement with - DT__Ei 0.86--0.24:£0.11+0.0613.6 (4.0)
B — D177, [1.6240.314+0.104+0.05/6.2 (6.5)

SM expectation

O-stat O'systll\ T 0norm

elisa manoni university & mifn perugia
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B—D")tv: analysis strategy (II)

Events / 0.1 (GeV/¢?)? in insets]

Events / 0.16 (GeV/e)

)

2

:"_:, +

" D'rv

P Drv

&

& D*lv
Dy
D™ty
Comb.
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v Branching fractions world averages

and constraints on my-tanf plane

95% CL excluded regions
R

- 5B - X,1)

I B(B — w)

[ B(B— Dtv)/B (B— Dev)
— = B(K—uv)/B (t—uv)
...... B(B — uv)

—— Combined fit (toy MC)

M,. [GeV]
g 8 &8 8 8 8

8

L] N I ] I LI L L] l L I I LI l LI B B | ! T--'l_ LI | |

c] fitter|:.):

10 20 30 40 50

70

B—D")tv: phenomenological constraints

Branching Fraction

— Belleincl. . _onn
- Belle f.rec. <SM
R p BY— D*t*v,
—— | B*—> D*rty,
—t— 4
= B%— Dttv,
*-o— B"’—) bot"\)‘
- ]
;SM

2 2 il fesad 0,
2 1 0 1 2 3 4 5 Br{%]

Statistical errors only
Br = R(D®) x Br(D"lv)

(H. Flicher et al.,
Eur. Phys. J. C 60, 543 (2009))
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B—K"I
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| B— Kl theoretical overview

: L/
’\T .
V. Z ¢ < - sV Sy
) VS\E i [ Trg QISJ w
b Z’LI’A’C'»“ S S b 1,¢ s
w\J
w

q q q q

v Operator Product Expansion framework: 3 effective Wilson coeflicients
govern the b—sll process

- (, : electromagnetic penguin
- C, : vector part of electroweak diagrams
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! — 384x10° BB

elisa manoni university & infn perugia’ 20
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¥t| B—K Il : event selection and signal yield

\/ Event selection: e‘e/u'y pair + {K*,K K, K'n’, K 7'}
a=l Signal window defined by B, myg, AE and m(Km) for K*

v Background suppression:
data (dots); signal MC;

di-leptonic bkg from B or D _ ;
. peaking; hadronic;
continuum ee—>cc, c—>slv combinatorial; total
+ *+
— Neural Networks: B'—=K"ll
o~ LU B L L B L NI R B
kinematics and event shape variables, © 4+ gt
AN P e [ ©KTIT
vertexing mnfo & 40
g -
- B—=D({ K"m)m: veto by cutting on m(K* ) S
- B—=JAp)X, : veto by cutting on q*=my, g 2 0_
—> fits in 2 ¢ bins, one bin in the low-q? region -g i
and the other in the high-q? region :>;
2 ",',’

| | | ) 52 522 5.24 5.26 5.28
v Yield extraction: unbinned ML fit to myq Mg (GeVIcz)

elisa manoni university & infn perugia' 21
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v Experimental results:

S - relative uncertainties ~ 18%

v Agreement with the
Standard Model
expectation

- theoretical error ~ 309%

| B—KOIl: branching fraction

B—KIl

B—K"ll

(0.39+0.07+0.02) x 10°

(L.11°019,  50.07) x 10

+
K !l —_——
. 4
——
K[ +l [ BaBar (384M BB, PRL 102 091803)
&) CDF (924 pb”, PRD 79 011104)
—— @ Belle (657M BB, arXiv:0810:0335)
—— 1 Alivo2
1 Zhong ‘02

1 I L 1 1 1 l L 1 1 1 l 1 1 1 1 ‘ 1

1 15 2 2.5

Branching Fraction (x 10'5)

elisa manoni
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| B—=K"Il: direct CP asymmetry and Lepton Flavor Ratio

IB—K 1I'l)-T(B—K"I'l) TB—=K"u"u)
A = : R 0 =

B —K 1')+TB — K 1'T) K7 B —=K"%"e)

v Acy
- O(10%) 1n the SM; enhancement up to 109 in generic NP scenarios
(Bobethet al., JHEP0807, 106(2008))

- experimental results consistent with null direct CP violation

v Ry Acp
RO . +0.16
- inthe SM: R~ 1, Re.~1 (0.75 including | KT [ 0.01515 = 0.01
the q*<2m,, region where the e channel KI'T -0.18x0.18 = 0.01

1s enhanced);

- SUSY with large tanf} : enhancement up to

10% (Higgs prefere(ntlally couples to W) R, 0.960-4 . +0.05
(Yan al., Phys.Rev.D62, 094023(2000)) :

- experimental results: Rg- 1.10%9% ) 450.07

agreement with the SM prediction Ri: (wg*<@2m)) [ 0.56"% ) 5.+0.04

elisa manoni university & mifn perugia’ 23
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i’ | B—=Kll: Isospin Asymmetry

I

AR _ rw’ — K1) -(, /t,)LB* = K"*1'1")

B’ =K' + (@, /Tt )FB* = K7*1'I")

v SM expectation: very small asymmetry,

reaches O(%) at lowest q?

v Experimental results:

- o isospin violation at high ¢?

- atsmall ¢?:

A,B—K'l

0.567017 | +0.03

A;(B—KI)

-1.48°056 . +0.05

- difference from null A (B—K®1I):

3.90

stat+syst

15

\ dA; [dg*[%)]
10 Feldmann et al,
JHEP 0301, 074 (2003)
5 K
0 — e ————
(]2

15k Kl
1.;‘”" — )

. Ll Ll e A I
0O 25 5 75 10 125 1

5 175 20 22.5 25
q*(GeV?/c?)
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' B—=K*1l : angular fits (I)

\/ K* longitudinal polarization fraction F; :

] 4

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

fit to cosO:

§~Flcosz O + %(1 ~F,)(1 —cos” 6,)

— determation of I

both quantities sensitive to NP:
- F| atlow ¢”
- A In the full g2 region

eoe®
.....
.....
oo

v Forward-Backward asymmetry Ay,

( . fit to cosB:
! d'TB—-KT'T) . !
f dcos 6, Sign(cos @) 3 9
A (s) -l dcosGds ZFLO ~cos” )
s) = .
. dr(B — K1) /ds 3 ,
+—(1-F)d +cos )

9712 3.
s=q°/m-y o

0, angle between I*() and B(B) in Il rest frame ™
— determination of Ay

elisa manoni university & infn perugia' 25
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1

()] Experimental result for Fy, b)

f| B—=K*1l : angular fits (II)
‘

0.8

lll]lllllllL
IlIIIII[lIlr

Low ¢? High ¢* +
0.35+0.16 | 0.71%020

0.4

0.2 Jhy

ollllllllllllllllllllll I ST ST T U NS N N B

0o 2 4 6 8 10 12 14 16 18 20
(Kriiger et al. PRD 71, 094009 (2005))

v Experimental result for Ayy:

LOWq2 Highq2 =l B B [ T LU B I T =

125 (a) i . E

0.24°018 0.76°032 ., = : L =

0.8F i i =

. O0SF oy L& E

(Ali et al. PRD 61, 074024 (2000) 2 04f ; — .

Buchalla et al. PRD 63, 014015 (2001) = 0.2 =T . i i | \;“

Ali etal. PRD 66, 034002 (2002) o A .

025 e e S e

Kriiger et al. PRD 61, 114028 (2002) SM- ~0.4F o et
Kriiger et al. PRD 71, 094009 (2005)) C,=CM, 0B T e i e e 20

YO =_CSM (SM

CyCp=-C
—_CSM_C C =CSM (SM

C7 -C 7Cf)cl() -C .‘)C 10
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B—K vv
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B—K®vv: theoretical overview

v SM prediction: B(B — K *vv) = (6.8"])x10™

(G.Altmannshofer et al., JHEP 0904:022,2009 (2009))

v NP effects:

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

New sources of missing energy: production of light dark matter via Higgs

mediated vertex, Byp up S0xBgy; (. Bird et al. Phys.Rev.Leit.93:201803 (2004))

elisa manoni university & infn perugia' 28
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@)

v Semileptonic analysis: cut based selection + fit to L
background yields
v
output for signal and background estimation
v No evidence for signal in any K* channel
SL analysis [ K"—=K'n’ | K"—=K | K=K
e (10-4) 5.6+0.7 43+0.6 | 6.9+0.8
Had analysis
en (107%) | 5.820.5 5940.6 | 16.6+1.4
UL @ 90%CL | B*=K*vv | B>=K'%vv | B=K'vv
Combined 8x100 12x107 8x10%

Most stringent limits reported to date

Events / ( 0.06 )

btk ek

N R T

B—>K vv: analysis strategy

Combined results from the semileptonic and hadronic recoil analyses
Reconstruct K* as K'm, K «t*, K'nr!

extra

06070809 1_1112
N-Nout

PRD 78, 072007 (2008),

4

54 x 10° BB pairs

to exctract signal and

Hadronic analysis: selection variables combined 1 a Neural Network + fit to the NN

1SL

nljanalysis

1HAD

~Janalysis

K'0—=K*
> o
40
= 30 I ' %
S7H Il
Q:O_TI_TL T LL‘H I +%ﬂ‘§
EERENTTTEL L1 1T
2f 11T N
5 b
X
_10 llllllllllll
0 0.5 _l }
Eevira (GeV)
gls; D ' |
le_- - --1"
E ; e -..T"IF -
2 +11
>
" —
36 07 08 09

elisa manomn
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B—K*vv and light dark matter 5|

v Light scalar dark matter candidate S (mg < 2.5GeV) |
h

— - b—s SS transition mediated by a Higgs boson (h) p S
with coupling A t,c
4
[
related to the dark 2y 100GeV ) -
matter abundance ( |K =
: : m, .
i the universe my, = Higgs mass

for low mg, K~O(1) (Bird et al. Phys.Rev.Lett.93,201803 (2004.)
Burgess et al. Nucl.Phys. B619, 709 (2001))

> f
g
_ R N A PN s
v Use the measured UL to constrain mgq vs K 5 16F 3
- use BaBar UL and Buchalla et al 1‘:: :
PRD 68, 014015 for SM prediction N f)’i‘;“gid @
E i JO%
- for high x: light higgs with strong coupling to SS %8/ /%
: , 0.6H
— h—SS can saturate the higgs decay rate making 0.4F
mmpossible the Higgs discovery at LHC 02 | | | | | |
W05 1 15 2 25 3
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Conclusions
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¢&f| 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
- 1ndirect search for NP
- complementary to direct search @ high energy machines

- reached sensitivity O(107)

v Comparison between experimental measurements and SM prediction
- afew mconsistencies found but more statistics needed to claim for
NP evidence
- constrain parameters defining NP (tanf-my,)

v" Much more can be done at LHCb and at a Super Flavor Factory -

only place where further searches for rare decays with undetectable

particles are feasible
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