Searches for New Physics
with BABAR

Steven Robertson

Institute of Particle Physics
&
McGill University

Presented at
Planck 2012
on behalf of the BABAR Collaboration
May 30, 2012
Warsaw, Poland

INSTITUTE OF

=wva T F McGill



Outline

Tree level processes:

« B>DWrv

« B"— t'vand
FCNC processes:

s b—osy

« B> KW/[T
Rare & forbidden decays:
e B'hr T

(h=K, m)

e B> h/[["

« B’— vv(y) (i.e.invisible final states)

BABAR

data sample of
~470 million
Y'(4S) —BB events




Tree-level processes




e B—>D(*)TV

O _

» Tree-level semileptonic decays U U
sensitive to CKM matrix B _ B
element |V | but heavy 3™ b ¢
generation lepton provides W7H+ vV
potential sensitivity to charged
Higgs boson A

- Dependence on |V | and form factors can be (mostly) cancelled in

ratio of T and (e,n) modes: =)
R(D™) — B(B — D\"1v)
B(B — D™iv)
SM expectation: R(D) =0.31+£0.02

Nierste, Trine, Westhoff (2008) R(D *) =025+0.02

Phys. Rev. D78 015066

« Relatively high branching fractions; experimental challenge is to
distinguish between leptonic final states with one or more neutrinos
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. B —>1vV
Leptonic B decays, B'—/'v :

G2 Mpm? m2\ 7
+_, g+ _YF e, _ "
B(B (Mv)sm . (l ﬂ-f%) B

- “Parametric” uncertainty in SM prediction from f,|V | problematic due to
tension between “inclusive” and “exclusive” [V | measurements

« Potentially sensitive to same new physics

as semileptonic B — D™ v decays: b A v
Bt W/H

SM branching fractions suppressed 1 A

by m? but relative H" contribution

(2HDM type-ll) is independent of B(BY — 77v) = B(BT — 7T v)sm x 11

I ;

eplon type ri = (1— M3tan®3/ My )?

« B"—1'v has largest branching fraction but is experimentally
more difficult than B"—(e,n)’v due to additional neutrinos



" m Methodology

Limited kinematic information available in B decays with neutrinos (or
other missing energy) necessitates use of exclusive tag B reconstruction

- Exclusively reconstruct one of the B meson decays (“tag B”) in one of

several thousand hadronic decay modes:

-
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*2 *2
Ebeam pB

= E5 — E}

beam

* Improves knowledge of signal kinematics and missing energy,
as well as strongly suppressing combinatorial backgrounds

= Similar “tag” methods used for B — D*'tv and B" — 1t'v measurements,
as well as searches for rare decays with missing energy signatures




- B— D*1v signal extraction &
N R S=

Measure B — D“*)Jv and B — D%*)tv 2“”
simultaneously to determine ratios R(D*)

« 2-d fit to missing mass squared m’;,
and lepton momentum |p*|

« Simultaneous fit to B — D**lv control
samples to determine backgrounds®

Deca.y Nsig # 0) B(B — D{*)TV) (%)
B — D77, 3144+£60 4.7 0.99 + 0.19 + 0.13
“ D% % 6394+62 94 1.71 + 0.17 + 0.13

[Events/(100 MeV) in insets]

B

B — D'r v, 17T +£31 52 1.01 +0.18 £ 0.12 <

B’ - D*tr m. 245 +£27 104 1.74 4+ 0.19 4+ 0.12 3

B - Dr v, 489 + 63 | 6.8 1.02 & 0.13 £ 0.10 §

B - D*r 7, 888463 132 1.76 4+ 0.13 4 0.11 E
_ S

First observation of B — Dtv m’ ;s peaks at 0 for

Events with exactly
W B — Dr o, B—Drvy, MB-— D" /r~)p ONEMISSINGV ‘
0B = D77 7, B — D*¢ 7, [1Background

* *% 1 -1 "_"_\f_\'“"". o "’f‘f;}m_’iﬁ
D** : L=1 charm states 2 0 2 4 6 8
mZi (GeV?)

=]




Branching fraction measurements
for B — Dtv and B — D*)tv exceed
SM expectation by 2.00 and 2.70
respectively

» -0.27 correlation between modes,
yielding combined excess of 3.40
(p-value 6.9x10™)

Good consistency between
charged and neutral modes

R(D(*))
0.429 4 0.082 £ 0.052
0.322 4 0.032 £ 0.022
0.469 £ 0.084 £ 0.053

Decay

_» DB DY

B - D*tr—%_  0.355 4 0.039 &+ 0.021
B = Dr T, 0.440 4+ 0.058 &+ 0.042
B — D*r T, 0.332 + 0.024 + 0.018

. B — D" tv results

BABAR
arXiv:1205.5442

I BABAR
I 2HDM (Type II)

. 06 08 1
| tan3/mpy+ (GeV™1)

H* contribution modifies experimental
pdf shapes and hence signal efficiency
as function of tanf/m,,

“SM”

* Interpretation of R(D)
and R(D*) within 2HDM
(type Il) yields
Inconsistent results

Isospin
constrained



+ + BABAR
*. B _)T V Preliminary

Ny

New BABAR measurement based on Esoof

hadronic tag reconstruction method o ¢
S 250
« Consider 1-prong t decay modes ~ -

(e, 1, @, p) z200

* Require minimal additional 150,
activity in detector (Eextra ~0) 1Z

Excess of events (3.80) over
background expectation:

o B TR B
00 0.2 04 0.6 0.8

B(BJF — T+V) — Ecxira [GEV]

(1.8310-%3 (stat.) £ 0.24(syst.)) x 104

(1.79 4 0.48) x 10~ < combination with (statistically independent)
BABAR semileptonic-tag analysis

B. Aubert et al., Phys. Rev. D 81, 051101(R) (2010)
« Consistent with previously published BABAR and Belle
analyses based on independent data samples



+ + BABAR
: *. B —)T V Preliminary

SM branching fraction prediction depends on f.|V_| hence large
uncertainty (ambiguity?) in comparison with experimental results:

« |V,| inclusive™ % - s BABAR Bty
3 = ¢ Il 2HDM (Type Il) with exclusive |V, |
(4.31£0.25 £0.16)x10 % N 2HDM (Type II) with inclusive |V,)|
. |V,| exclusive**: ?g, 4
(3.13+0.14+0.27)x10° - _
Both SM and 2HDM (type Il) scenario OM B =T
disfavoured if exclusive |V _ | is assumed: ? tan B/m_ (GeV™)
ub “SM”
2 0ok w 2 100l y “Preferred” value(s)
T E’;‘i"i‘;’f’d o for tanf/m,, inconsistent
_ with both B — Dtv and
I Excluded I B — D%ty
501 at >20 50 (also ruled out by other direct
- - and indirect measurements)
i Exclusive | Inclusive
_ V| V| * BABAR arXiv:1112.0702
ub ub
O —"""S00 1000 O """3500 ‘1000  * “BABAR Phys. Rev. D83, 032007 (2011).

my; (GeV) my (GeV) BABAR Phys. Rev. D83, 052011 (2011).



FCNC processes




. Electroweak FCNCs
H v _L?FV._. v i Cilp) O () Products of field operators
B — Xs/d Y efl /3t th — PR (non-perturbative hadronic
= / matrix elements; Heavy
wW- i Wilson coefficients quark expansion in inverse
// \\y"‘ﬂ\[ﬁ (calculated perturbatively; ~ POWers of m,)
b R R S s encode short-distance physics)
u,c,t
C7 (Photon penguin) New physics could result in a
Observables: distinctive pattern of deviations in
branching fractions E, spectrum, Acp

observables across a variety of

related FCNC modes
B— X [T

B, — [T

|'r 7 W N .lr il

C7,Cy (Vector EW) and Co
Observables:

(partial) branching fractions, Agg, Acp

C1o (Axial vector EW)
Observables: branching fractions




l*. B_)XSFY

N —
: : _ Y
The process b—sy occurs in SM via 1-loop photon /W—\M
penguin FCNC N S G .
u,c,t
- may be modified by new physics contrlbutlons _ o
also at one-loop A g"

- photon energy spectrum useful for b~ wer ~ 5 b T @el s b dgp S
determination of HQET parameters

Obtain “inclusive” B — Xy by summing SM expectation (NNLO)*:
individual exclusive decay modes: B(B — X.7) = (3.15+ 0.23) x 10~

. Misiak et al. PRL 98 022002 (2007)
X, modes consist of 1 or 3 kaons

(including <1 KSO), For photon energy E,>1.6 GeV

<1 n, and <4 pions (including <2 1°)
Photon energy in B
1.6 < E*Y <3.0GeV (in CM rest frame) rest frame obtained from:

) 2
mp — My

« Fit mgg to a sum of 38 X, final states EB —

| 2m
_ *2 B
Mgs = \/E beam p B




BABAR
| ‘*’. B —> X Sy Preliminary ?
] - =
Partial branching fractions extracted. o
in bins of the X mass (mx;) = 30F | E
. *;E 255 +++ At E
- Spectrum fitted to models for 2 2= + E
extraction of HQET parameter g “t E
= 10 E
values = l—_
~ E -
Kinetic Model [1] Shape Function Model [2] 0§ e Dat §
my | 4.568T008 GoV/cZ  4.57970032 Gov/ 2 S BABAR ae E
2 | ) 450T0-054 1oy 0.957+0-034 (4 72 105~ Preliminary ~ — Fit to Kinetic model =
M : —0.054 : —0.039 E Ll e e L S
06 08 1 12 14 16 18 2 22 24 26 28
2
)

[1] Bensen et al. Nucl. Phys. B 710 371 (2005) My, (GeV/c
[2] Lange et al. PRD 72 073006 (2005)

Partial branching fractions combined to obtain inclusive branching
fraction (E,> 1.9 GeV):

B(B — X.7)p,>1.00ev = (3.29 & 0.19(stat.) = 0.48(syst.)) x 10~

- Good consistency with previous measurements



: *- B—)K(*)[I_l- gﬁgﬁgtopm 4

arXiv:1204.3933

B—K"*)['I decays occur in SM via one-loop ; S
FCNC processes with branching fractions < L/
Of 0(1 0-6) & ihf S ﬁ_q ,_rsﬁ W
b E*/Lg"'ixf’ s b i teu - s
« Recent BABAR measurements _ " _ - j
q q g g

of branching fractions, direct CP
asymmetries and angular

. . . — ‘ I ‘ | ‘ ‘ ‘
distributions “ | BoKTC )
% 30- Signal |
Reconstruct exclusive final states: s —— Combinatorial
o) T Crossfeed + peaking 7
to- N~ Fake muon
K¢ o 20 — Total
K/ e'e’, K'e'e', Kw'pw, Ku'w = % -.
" ) \
8 10~ '-
K*0'C: o F i :
Klr'e'e, Kme'e, Ko u'w, K'mu'y — J% TR,
K*n’e'e”  (only for angular analysis) 52 522 524 5 26 5 28

m_ (GeV/c?)



: *. B_)K(*)[’_l- gﬁﬁﬁ:jtoPRD

arXiv:1204.3933

regions

o~ 06 T —
Branching fraction results: < osb
Q "~
« Partial branching fraction measured in . g 0.4
bins of g” excluding Jiy and w(28) 277 osz—_f
b
|

L 2
L 2
'\
- Total branching fractions determined = ge=s=m?
over entire g° range

M M
_IIII|IIII TT
] 1
]
I
I
+ I
i
f

ol b ben b b oA b b b B b P |

o
B(B— K(T17) = (47+0.6+0.2) x 107", 3
B(B— K" (7) = (102773 +05) x 1077, |%
Py
B
L
[a1]

U : \

* - C L | 1 L | L |
K Il ——— 0 5 10 15 20
—— s (GeV-“/c?)
[ JAii02 Y BABAR 471 M BB
PRD 66, 034002 (2002) m CDF 6.8fb" PRL 107, 201802 (2011)
. ; Belle 657 M BB PRL 103, 171801 (2009)
+ Zhong '02 =
B KI™1 L e LHCbO0.37 fb" arxiv:1112.3515 (2012)
N IJMPA 18, 1959 (2003) -
| R BT — SM-based predictions
0 0.5 1 1.5 2 2.5 Ball & Zwicky, PRD71, 014015(2005),
Branching Fraction PRD71, 014029(2005);

Ali et al., PRD 66, 034002 (2002).




A

» Direct CP asymmetry consistent

B—K™*¥I'r

with SM expectation of zero
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BABAR
Submitted to PRD
arXiv:1204.3933

* No evidence of lepton flavour

R K(*)

asymmetry

Ry =

2.2

B(B— K"utu~)

B(B — Kl*lete™)

i+ B— KI'I

1< B— KI'T

1.8

1.6

1.4

1.2

0.8

0.6

0.4

I|III|III|IIIIII|III|III|III|I\\|III

Jhy w(2s)
I | |

O
(5]

10 15 20
s (GeV?/c?)



SM expectation for isospin asymmetries V BABAR (471 MBB) arXiv:1204.3933
o Belle (657 M BB) PRL 103, 171801 (2009)

: 'P. B_)K(*)[’_l- gﬁﬁﬁgtopm

arXiv:1204.3933

IS O(1%) Feldmann & Matias, JHEP 0301, 074 (2003).

< = | ' ' =

1.55 3

AK©) B(B°—=K® %t~y —p B(BT—K ™) tete) 1=B—>KU('C =
I = B(B'—K®0+i—)+r.B(Bt—=K®+iti—)  0.5F =
o LS

r. =7go /g = 1/(1.071%0.009) 055 — E

- . A= =
 Indication of possible asymmetry 150 E
in region below Jhy : _ - , { 3

< i E

low - p— - o+0.20 . 1.5 —a— —

A_{ {B — K{ 1': j = _D'US—U.ET + DDQ [2100—] 1;B_>K*£+£_ — _f
APY(B — K*¢707) = —0.257032 £ 0.03 [1.150] 0.5- E
- 0: h 1 -

(0.1 <s5<8.12 GeV?/c?) : i T E

0.5 —1— E

n " " . -13_ L | L L | L | _f
Consistent with SM predictions at 0 5 10 15 20

s (GeV-/c)

2.10 and 1.20 level respectively




m B—>K(*)l+ [
ro K angle in K*
Angle between {'[{] rest frame
Fit angular distributions frra‘%z[B] in UE rest (K* polarization)
of K* and dilepton \
system to extract two ;

observables:

« K* longitudinal polarization
fraction F;

1 dl
[(s) d cos Ok

= %FL(S) cos? By + g(l — Fi(5))(1 — cos® )

 {'t forward-backward asymmetry A.g

ol = ZR(s)(1— cos20) + 21— Fu(s))(1+ cos’0y) + App cost

[(s) d cos b, 4




A

= B—)K(*)[I-l-

Recent preliminary BABAR results
based on full data sample

* Most precise non-LHCDb results to-date

BABAR
Preliminary

4

m K*+(-
V K*t+¢- } BABAR 471 M BB
A K*+{+{-
e CDF 6.8 fb™ PRL 108, 081807 (2012)

0 Belle 657 M BB PRL 103, 171801 (2009)
o LHCb 0.37 fb”'  arXiv:1112.3515 (2012)
- - = Standard Model *

- . 4 F ]
1 - 1
os- + ;m Jhy s e o0 | Jhy  ves il
06~ | E T\ . 06 ' J ]
041 v @ i l bl 0.4 * ﬂ ﬂ ..... % . .
o.zﬁJ +1 fu l ; o_zf ! I wr Fh bk | % f
0:£ ) : a o T . -
-0.25 E -o.2f i f
-o.4f f -o.4fT .
0 2 4 6 8 10 12 14 16 0o 2 a4 & s 10 12 14 16

18
s (GevZc?)

* Generally good agreement with SM and
other experiments

- some mild tension in low-s region

18
s (GeVZc?)

% Alietal. 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 & Matias PRD71, 094009 (2005)
Ball & Zwicky, PRD71, 014029(2005)



Rare & forbidden decays




+ -0+ o+
:*I B _)h £ E (h=K,TC) gaﬁgggﬁosm)(zmz)

RIS T E
Lepton number not explicitly conserved o B >y, ;
_ ] e Bﬁ K E
in many SM extensions oy S 8- Kerer E
312:_ — —nree E
« LNVInB" —h ¢'¢" is AL =2 process which ok E
can occur via Majorana neutrinos R4 E
S £
4
2 -
G
m,. (GeV/c?)
- complementary to Ov[3(3 — —
searches gide _ 5’+5>I10 ) Bur (x107°)
—aetet 02711 +0.1 2.3
BABAR search for B"—> h "¢ (h=K,nt) | B* — K etet 049733 +0.1 3.0
BT - ptpt 003735 £06 10.7
 Event selection similar to Bt - K- ptut 045%32 104 6.7
B—K®™["I analysis

- Best electron channel results
- Sensitivity comparable to LHCb in uy*u” modes:

LHCb: B(B*—X ') < 1.3x 10° = 2.6 x 10° (41 pb™)
PRL 108, 101601 (2012); arXiv:1201.5600



BABAR

+ + 47—
" B —ht'/ (h=K,n) =@

Search for lepton flavour violating B decays with

a 3" generation charged lepton (t) ‘K\ -
« possible NP enhancement in models with 2" - 3" er‘-{
generation mixing or mass dependent couplings e A*v
Missing energy signature necessitates Event Y~ daughters

missing energy

“hadronic tag reconstruction” analysis

=
§

=
=] -
TTTTT

* 1-prong t decay modes (e/w/n)

Events / 120 MeV/¢c*

=3} @
TTTTTT]TT

e 4-vector of Tt determined from h-/-B combination

!

7

B(B — hrf) (x107%)

Mode central value 90% C.L. UL ok = L s \%‘juj S
Bt - Ktrp 0.0 ¥27 <48 I e (GeV/e
BT - KTre —0.6 T17 < 3.0 s orTTTrTTIm T
Bt = atrpu 0.5 i’%g < 7.2 % ;; “’

BT = ntre 2.3 128 < 7.5 é “S s 2

Model independent limits on NP scale ~ Apg~11 TeV
in T-u flavour changing operators™: A, >15 TeV

Q W W s b o~ @

D”H|HH| ‘ | | | ‘ |

* PRD 66, 053002 (2002)



0 — . o s BABAR

e B " —vv(Y) (“invisible”)  eeimny
B 470M BB S

- o . %%E"'|'"|"'|"'|"'|"'

B’—vv strongly helicity suppressed FCNC in SM T | B'oW
« Presence of energetic photon removes suppression Z2s | g Nsig=-22£9216
B( BO_)VV'Y ) - 10_9 [520; €=0.018% é
iZ: 4. .l.H- ]LH ]L l‘H’U HJ[I
- Possibility of enhancement to ~107-10° in some L] f’iﬁH mﬁ
new physics models (RPV SUSY, LED models) i ]
Semileptonic tag reconstruction method to identify 1_05' ST T

02 04 06 038 1 1.2

B decays with little or no additional detector activity Eexta (GeV)
§ ; _;Otakl ound BO_)VVY :

* Require no additional charged tracks, and select S15H G N 34557 .
. . . — ‘E Ll . Data S1g—= i

events with limited Eextra= Z Ecalorimeter . > €=0.016% |

~order of magnitude 1 s JTJr
improvement over ST T
previous limits: TR T

B(B” — invisible) < 2.4 x 107°
B(B" — invisible +v) < 1.7 x 107°




Conclusion

Many recent new results from BABAR on decays with
potential sensitivity to new physics!

e Competitive new measurements of b—»s FCNC
processes based on full data statistics

« Stringent new limits on rare and forbidden B decays

 Interesting(?) discrepancies in tree-level leptonic and
semileptonic decays




Backup slides




BABA
- *l B_)D(*)T V arXiv:121(}5.5442

4

Signal events possess secondary e or u fromt— /vv while
normalization modes have primary lepton from B — D" [ v

. p.> 300 MeV p,>200 MeV (improved particle identification!)
Four B —» D*w signal decay modes considered: D°, D, D, D™

« D° D" exclusively reconstructed in one of several decay modes:

D' Knan

0 -+
D S KK D Kawr oo iy
D Ko D' — K'%n' ’ Calorimeter energy
—-Knn N 0 4 4 — ) .
D' K D= Ksnn D*—D'x", D'n®  Not associated with
D’ — K'a'n D' —K'sn'n’ tag- or signal-B

D+ — KOSK+
- Kinematic fit with vertex constraint to reduce combinatorial backgrounds

« Select candidate ( By, + B->D™1v) with lowest Eextra

Boosted decision tree used to further suppress combinatorial
and B — D**/v backgrounds:

— Inputs: Nygacks, COSOT, Eextra and reconstructed intermediate masses



Events/(0.04 GeV?) Events/(0.04 GeV?) Events/(0.04 GeV?)

Events/(0.04 GeV?)

S P e R
tnf

T 15
m2,_ (Gev?)

05

m2, <10 GeV?

1 15
m2,_ (Gev?)

@
—

m2, <10 GeV?

150
100E
50
%3 0 05 1 15
mZ, (Gev®)
400
[e m2, < 10GeV?
3001
200
100
053 0 05 1 15
m2, (Gev?)

Events/(50 MeV) Events/(50 MeV) Events/(50 MeV)

Events/(50 MeV)

200

I b)
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‘miss

-
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200F
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2
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100F
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2
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100

50F
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150F

2. <10GeV?

Events/(100 MeV)

Events/(50 MeV)

150

05

15

2
p* (Gev)

¥ 122/7=174
Prob. = 9.5%

040
16 Fexin (GeV)
I
oal =+ -1

LII\‘IIII‘I

Events/(100 MeV)

Events/(50 MeV)

BABAR
arXiv:1205.5442

80

b)

05 1 15 2
p¥ (Gev)

200

x*:7.3/8=0091
Prob. = 50.4%

R(D)




B—D%tv

BaBar 2008
042+013

Belle 2009
0.59 = 016

Belle 2010
034+ 011

BaBar 2012
0.440 = 0.071

dl—“?' . G%‘|I‘i~b|2|P |q2

2

BABAR
arXiv:1205.5442

m2 2 5 5 9 m2 3 m?2 2
= anng (1) (el ) (1 52+ 5 G
B 20 S ssM BB
BaBar 2008 ——— 232M BB
. AT . 657M BB
043, 089 e 657M BB
BaBar 2012 —
—~— (a11M BB )
02 0406 08 ~03 04 05 06
R(D) R(D*)

Average does not include new BABAR results




+ BABAR

B+_)T v Preliminary

4

-
2000
=
o 1800
Decay Mode B(x10~%) © 1600
T — eTup 0351_L8?% 25400
I 4o +0.90
T — U VUV 112_?13 1200
= + +1.
U —pv 378175 800
. 10.53
combined 1.837 04 600
400
200

%02 06 1 14 18 22
Hybrid DT, E [GeV]
extra




B*—h*t'l-

B(B — hti) (x107%)

Mode 7 channel b; g €hTii central value 90% C.L. UL

e 04402 2 (26+02)%

Bt — Ktr—put m 03+02 0 (32+04)% 0.8 14 <45
™ 1.84+08 1 (41+£04)%
e 02+01 0 (3.7+£03)%

Bt 5 Ktrtpu~ [ 02401 0 (36+£07% —047}3 <28
s 69+15 11 (9.1+0.5)%
e 06+01 2 (22+02)%

Bt - Ktr—et m 01£01 0 (27+06)% 0.2 *21 < 4.3
s 15405 1 (4.8+06)%
e 08405 0 (28+1.1)%

Bt — Ktrte™ m 01+01 0 (32+£07%  —1.37}3 <15
™ 46+13 4 (87x12)%
e 09+06 0 (23+02)%

Bt s atrut  u 11404 2 (29+£04)% 0.4 131 < 6.2
™ 33+09 4 (28+02)%
e 21405 2 (38+03)%

Bt watrtu m 36+09 4 (48+0.3)% 0.0 ¥25 <45
™ 25+3 23 (9.1+06)%
e 0101 1 (20+08)%

Bt s atret m 04+02 1 (28+0.3)% 2.8 124 <74
™ 60+14 7 (58+03)%
e 1.0+04 0 (29+0.3)%

Bt 5 atrte” m 30+12 2 (46+04)%  —3.1 124 < 2.0
™ 57425 3 (3.7+1.0)%

BABAR

Submitted to PRD
arXiv:1204.2852




" Rare charm decays ?

Phys.Rev. D84 (2011) o7200g
arXiv:1107.4465
Search for decays of the form

X+ — hEFIOH

where X."is D", Dy  or A,

and his K, © or p (for A.") . — .
» Various lepton charge/flavour O i
combinations represent (highly GIM i
suppressed) SM decays, LFV and - - -

LNV decays u

SM predictions for GIM-suppressed modes ~10° but

potentially enhanced by up to 3 orders of magnitude in NP #rose. ot009 2002
models

« Complementary new physics sensitivity to rare B decays
via d-type FCNC loops



" Rare charm decays

Searches based on 384fb™" of BABAR data (“onpeak” + “offpeak”)

« exclusively reconstruct 3-track final states, requiring two
identified leptons

« Veto B decays by requiring D", D" or A." candidate to have
p* >2.5 GeV/c

 QED backgrounds suppressed by requiring >4 tracks in the

event
« Long distance contributions Sost £os
from D" —n'¢(—/"T) removed "} >
by veto on (I) Mass region R B v S S R T/ P T o
p [GeVic] E,, [GeV]
+ Likelihood ratio to suppress . £ T’ 91 S, kSignal simulation 9]
remaining background Sod | £ o Background
< 0.4F < 0.4f
0.2;- : 0.2;h_
e VR e oo e - vy ¥
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- Rare charm decays

Signal yields obtained from fit to h//’

BR UL BF UL

) i Yield Eff. 90% CL 90% CL
Invariant mass Decay mode (events) (%) (107%) (10°%)
Dt s netet 47447405 3.16 6.8 1.9
. DY s n ptpt —31£12+£05 0.70 7.5 2.0
 Normalized to rates for known 3-body DY wrptet  —51+42+20 1.72 7.4 2.0
. . . . . DY s n7etet —57+14.+£34 6.84 1.8 4.1
hadronic modes with similar kKinematics ,: =, -+,+ 065127 105 62 y
) DY s nptet  —02+79+06 223 3.6 8.4
BR UL BF UL Dt - K etet —284+24402 267 3.1 0.9
Yield Eff. 90% CL 90% CL Dt 5 K ptpt  72+54+16 0.80 37 10
Decay mode (events) (%) (107%) (107%) Dt 5 K ptet —11.6+4.0+3.1 1.52 6.8 1.9
+ C—etet
Dt s atete  —30+16+17 1.56 3.9 1.1 De = K7ele” - 23279233 410 2.1 5.2
DY s atpty™  —02+£28+09 046 24 6.5 De = K p7p" —23£50£28 0.98 5.3 13
Dt - atute 264431193 154 13 2.6 AFI— — Ee_l_e | —15+£42+15 514 0.4 2.7
D:— - ﬂ'+.u,+.u,_ W+15+4 1.21 18 43 ..’1,: — pute 10,1 £5.8+3.5 2.50 2.3 16
DI s atetu” —3+11+£3 216 4.9 12
DY s atute 93+73+28 1.50 8.4 20
Dt - Ktete™ —374+£29+33 288 3.7 1.0
Dt - Ktptpy~ —134£28+1.1 065 16 4.3 . . .
pt ket —a3x18x06 144 43 12 NO significant signals seen
DY 5 Ktputew  32+38+12 1.74 9.9 2.8
Df + Ktetew —57£58+20 3.20 1.6 3.7 . .. .
Df = K*pty~  48+59+12 085 91 21 « Establish 90% CL limits ranging
Df - K etp~™  9.1+60+28 1.74 5.7 14 6 6
Df -+ Ktpte™ 346435 208 4.2 0.7 from (0.9 x 10 ) - (44 x 10 )
Af — pete” 40+65+28 552 0.8 5.5
ALY =t 11.1+£50+25 0.86 6.4 44 . . +
Af Spetys  —07+29+09 110 16 99 « First limits on A," modes
A = puTe” 6.2+46+18 1.37 2.9 19




‘s The BABAR experiment

Large data samples corresponding to
« 432 fb" Y(4S) “onpeak”

° 53 fb-1 “Oﬂ:peaku
- collected ~40MeV below Y'(4S) peak  **

As of 2008/04/11 00:00

BaBar

PEP Il Delivered Luminosity: 553.48/fh v eereresersnsininonni i
BaBar Recorded Luminosity: 531.43/ib a
BaBar Recorded Y(4s): 432.89/fb -
BaBar Recorded Y(3s): 30.23/fb -
BaBar Recorded Y(2s): 14.45/fb _
Off Peak Luminosity: 53.85/fb

500

400

Integrated Luminosity [fb™]

* Also samples of “narrow Y” events: 200

- 122 x 10° Y(3S) decays
- 99 x 10° Y(2S) decays
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