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Rare Decay Searches

Motivation: To search for rates enhanced over SM predictions that may
arise from new virtual heavy mass particles in quantum loops

Search forB — Kvv
Search for B — K* v
Search for B® — yy
Measurement of B — Xy
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The BaBar Dataset
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BgBar

PEP Il Delivered Luminosity: 553.48/fb
BaBar Recorded Luminosity: 531.43/fb
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
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The BaBar Detector
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Search for B — Kvv
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Standard Model
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B(B° — Kvv) ~3.2-5.2 x 10°
Altmannshofer,Buras, Straub, Wick JHEP 0904, 02 (2009)

s Buchalla,Hiller,Isidori 63 014015 (2000)
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Physics Beyond Standard Model
B(B° — Kvv) ~ O(10°%)

- (MSSM,unparticles,extra dimensions)

Y. Z

S
+§LS;Ilh

Yamada PRD 77 014025, Aliev etal JHEP 07(

s Colangeo etal PRD 73 115006
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Previous Measurements

072

Experiment | BF (90% CL) Dataset Reference
Belle <1.4x10° 492 fb! Chen etal PRL 99 221802, 2007
BaBar <52x 105 82 fb Aubert et al. 94 1018011
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Search for B — Kvv : Experimental Technique

|dentify BB events by tagging with semi-leptonic B—~D"lv decays

Semi-leptonic B-tag .

€e = 1%

D—-Knan' Kna Knann,
Kan’ (K =-n'a)n,
(K »na'm)mta

Some new physics would enhance
D" —=D’x*,D*n’

rate in (¢g* =m’ ) >0.4my region

D —=Dx’
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Search for B — Kvv :Background Suppression
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£10° |- Signal MC 11 €
Bagged Decision Tree (BDT) > —— Background MC 1
510° ¢ Data T -
Ensemble of 20 Decision Trees trained _§ 9 et ; %
' E10%E ¢ -
on MC signal and background 310 : PABABAR g
. i “Prelimi 1 10?
Each Decision Tree constructed from 26 10°F reiminary
Variables broadly classified as either -
E,iss» EVent Properties, Signal side kinematics 10 - 1072
, and Btag reconstruction quantities - One of 20 Decision Trees
1
s PR ST SR N ST SR S SN SR ST SN SN SU S S S S S -
0 0.2 0.4 0.6 0.8 1 107

K3 Single BDT Output

Nobs is from on-resonance data, Nukg is expected from MC, ¢ is signal efficiency derived from MC

Mode  €(%) Niig Nokg e e
K* 0.16 29+04 17.6+26+0.9 19.47;% 1.87¢%7
K, go6 = 0is i SO 204 6 0D

low-¢2 024 29+04 17.6+26+£09 194744 18182
high-¢2 028 21403 187+10+46 1647} —23T%
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Search for B — Kvv :Results [arxiv:1009.1529

Category Uncertainty Mode B x10™° 90% CL 95% CL
Signal efficiency 14% K+ 0.277% < 1.3 <1.6
K™ background prediction 5% K? 1.7+3:1 <56 < 6.7
High-q? K+ background prediction 25% Comb. K+, K2 0. 5+8§ <1.4 < 1.7
K? background prediction 10% low-g? O.2f8:g <0.9 <1.1
high—q2 -1.8%3% <3.1 <46
< : i :
< ’ B* — K* v 7, 90% CL < ' B K°v¥,90%CL
A — BaBar 351M BB — Belle 535M BB
: z:g:rsingBZE ~ BaBar 459M BB
[ Buchalla et al. |:| Buchalla et al.
U PRD 63 0140152001) |, ,q¢ e PRD 53 0140152000 | x10*
0 0.5 1 1.5 2 25 3 3.5 4 4.5 0 0.2 0.4 0.6 0.8 1 1.2 14 1.6
Branching Fraction Branching Fraction

No signal observed but most stringent limits to date are set
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Search for B*

Standard Model
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B(B—=XI'T) A
Lepton | 0.6 <s<1 %
Electron | 8.5 x 10~° T
Muon 8.5 x 1077 10-8
Tau 4.3 x 1077

B*—K*t*t ~50% of total inclusive rate

— Kttt

J. Hewett, PRD 53:4964 (1996)
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§ = qz/mg q2 = di-lepton

mass squared

Standard Model rate comparable to utu™ or e*e- channels but new physics with
a mass dependent coupling such as a Higgs in the Next-to-MSSM could
enhance by (m./m,)? ~280 (GHiller PRD 70 034018 (2004))
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Search for B* — K*t*t

Hadronic

™
B —D"X B-tag
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Neutral energy not associated with B
Byq <0.74 GeV

10

Analysis Technique

T —=uv,v
T —ev,V,

T =7V,

Missing Energy from Neutrinos
1.39<E_;

< 3.8 GeV

Restrict to kinematically accessible region
and away from vy pole g2> 14.23 GeV?

(‘]2 = (pY(4s) - ptag - pK)2 G€V2)

tag
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Search for B* — K*tv*t": Backgrounds
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Events

Search for B* — K*t*t : Results
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10T T BEREEEEE S 5
B i E:’:i?nated Background i SyStematiC %
8 ]
- t+ % ELTTY 1 B Counting 1.1
i reliminary .
6 a
I B 1 Tag Efficiency 3.2
ar ) 7 Signal Efficiency 14.8
2| + - Background 17.3
i [ + 1 Estimation
R B T T S T T 21
q2 = (pY(4s) ~ Piag _pi()2 GeV?
Expected Bkgd: 64.7 +/- 7.3
Data Events: 47 B (B* —» K*t*t) < 0.0033 (90% CL)
(First limit to date )
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Search for BY — yy

Standard Model

- . B(B% — yy) ~3x 108
B u, ¢ty ¢ W- (Bosch and Buchalla,,JHEP 0208:054 (2002))

Physics Beyond Standard Model

B(B° — yy) ~O(107)

50 wets D Aliev and Turin, PRD 58 095014
- H (2HDM models or R-patrity violating SUSY)
a - ( Experimental constraints from b—dy experiment
Previous Measurements
Experiment | BF (90% CL) Dataset Reference
2.95x106 o
-5
L3 <1.9x10 (Z—had) Acciarri et al. Phys. Lett. B, 363, 1995
BaBar <1.7x10° 19 fb? Aubert et al. PRL 87, 24, 2001
Belle <6.1x107 104 fb- Villa et al. PRD 73, 2006
: : UNIVERSITY OF
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B — yy Backgrounds

. Y (2°/m° =)

§ qq background
@ |sotropic signal . with jet topology
topology

qq backgrounds suppressed with m/n
Y Likelihood and a Neural Net of
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Search for BY — yy Results

15

Unbinned Max Likelihood fit in Mg and AE* to On-resonance data
. Total
extract signal N _ —0]32%
s = 118 events, | ... qq background
;\451,,,1,,,,],,,,“,,,,,, AR AARRRRaSE ; R e an  ETTTTTITTS Signal
(3] - = -
> 40k E R e R N (R BB Background
O E 3 S C
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S 30 E 2 F .
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5E" Preliminary . o Prefminary .
TR B S 7 R VI T R TR L TR B X B U R B B ¥ Y

M, = (Ezgam —PZZ)

IB(B —yy) = (1.7 =1.1(stat.) £ 0.2(sys.)) x 10~

(1.90 si gnificance)‘
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Search for B? — yy Limits [arXiv:1010.2229

[ Final Fit Likelihood Curve with Systematic Errors ]

AL DL B B BN B B
Source Uncertainty on Ng, (%) 1: Babar |1
B°BY counting B 0.8 Preliminary | -
Tracking efficiency 0.2 i ]
Track multiplicity 3.4 0.6 . N
Photon efficiency 4.0 i < 90%CL
Cluster time 0.7 0.4l N
LTI'O and L'n 2.8 i Systematics
Neural network 3.0 b Gaussian Conv. 4
Fit uncertainty 9.9 i
Sum in quadrature 12.1

‘B(B —yy) <33 %107 at 90% CL.‘
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Measurement of B —X yand Extraction of |Vig/Vis|

A S
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& is most precisely measured with B,/B, mixing
Vts
. . . B—=X,y
Measurement with penguins to search for New Physics B —mny
B* = na*a’y

Previously used ratio of exclusives (p,wy/K*y) but

limited by form factor uncertainty B® —=mm mwy

B’ = n*m
_ _ _ B’ »n*matay
Inclusive method is theoretically cleaner " T
B —=an'n Ty

: : B —m'ny
Use the sum-of-exclusives technique

(~50% of modes covered. Largest systematic from missing modes)

MBABAR.

T3 Oelvana

B—=Xy

B =K'my
B* =K'’
B" —=K'n n"y
B’ =K 'n 7’y

B’ =K'n w'ny

B* =K'nw a*n’y
B* —=K'ny
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Measurement of B —X yand Extraction of |Vig/Vis|

Measure for M, <2.0 GeV?

471M BB ;
s [T T T T T T B—=Xyy
gso- B > Xy - I( d ) =0.040 = 0.009(stat.) £ 0.010(sys.)
s z (B —Xy)
a0 1.0 <M, <20GeV? = l
“>‘m§_ B EAGAR _ Correct for unmeasured My >2.0 GeV’ using Kagan & Neubert

ook Preliminary E (PRD 58 094012) spectrum with

- . m, =4.65=0.05 u’ =-0.52 =0.08 (HFAG)
100 =
b s v l
22 523 524 525 526 527 528 52 Extract |—4| using the calculations of Ali,Asatrian & Greub
#candMES -

g ® E using S as input rather than (p,n) (Phy. Lett. B 429 87 (1998) )
e 7 =
% 60 _i ‘/td 2
G g E —< =0.199 + 0.022(stat.) = 0.024(sys.) = 0.002(th.)

" _i ts

30 _i

20 | € Belle (p,0)y —e 0.195:%%°+ 0,015

" " BaBar (po)y -

R R TS T TR T A TR T Average (p.® - S 0.210 +0.015+ 0.018 :

foanduE Salisly e arXiv 1005.4087v1
BaBar X,y —— 0.199 + 0.032 + 0.001 PRD 82:051101 2010
B Mixing Average
Radiative Decay Avg ~—a— 0.206 + 0.019

PR R " 1 MY TIat | " M | P L P | P | " "
C o 005 01 015 02 025 03 035 04 045 UNIVERSITY OF
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Conclusions

BaBar continues to mine its dataset for evidence of physics beyond the Standard
Model in rare B decays:

Most stringent limits presented for
B(B - Kvv)<14x10»®

B(B —» K*1*1) <3.3x 103
B(B° — vy )<3.3x 107

B—X
Measurement of ?(B X‘”)) =0.040 = 0.009(star.) = 0.010(sys.)
— S’y

Vi

=0.199 = 0.022(stat.) + 0.024(sys.) = 0.002(th.)

ts

I Techniques developed will hopefully be used to observe these modes at SuperB ! I
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