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PEP-lIl: a B factory at SLAC
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Important background for many
analyses e'e” - qq (q = u,d,s,c)




BABAR Physics

[

7 Runs over the course of 9 years
« 1% collision May 26, 1999
* Final data taken 12:43 p.m., Apr 2008

BabBar

- 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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469 submitted/published papers:
s CPV, CKM angles: a, B, Y
s Semi-Leptonic B decays: |V _|, [V_|

s B-Bmixing: [V |

s D - D mixing

4 Precision measurements, rare decays of
B, charm hadrons, t

4 Spectroscopy, discovery of new states

4 QCD

2 Limits on new physics (NP)

31 publications in 2010
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~470x10° BB (0.5 x Belle)
~690x10° cc

~500x10° T*T”

~1.2x10° Y(3S) ( 7 x Belle+CLEO)
~1.0x10° Y(3S) (0.5 x Belle+CLEO)




BABAR Detector

Magnet of 1.5T Silicon Vertex Tracker (SVT) I

Decay vertex reconstruction
of tracks near from IP

A o | Drift Chamber (DCH) |
pOSitive - AV Ch;rQEd particles tracks deviation

reconstruction: angles and
momentum measurements.

Y

Detector of
Cherenkov light (DIRC)

Charged particles ID
K/mt separation >2.5¢ until 4GeV/c?

Intrumented flux
return (IFR)

+/- ifi i
u"Identification | Electromagnetic calorimeter (EMC) I

Detection of v, e~ identification
and n°—vyy reconstruction, Measurements of Energy
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Experimental Issues

[ PR T T A = o0 B R T T T e T

= Small S/B ratio, mostly continuum (e‘e —qq, g#b) background.
= Use kinematical and event-shape variables to discriminate:

Beam-energy substituted mass Energy difference Event topology
\/ E * ) AE = E E (multivariate
beam pB beam methods)
= asoucf” T §wom-c ~ 15 MeV ]| i
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Branching Fraction
of Hadronic B Decays

« B°D™h°, h°=m,n,w,n'
. B /\+c/\K'

Alejandro Pérez, QFTHEP 2011 Sochi, Russia. Sep 30th 2011



B° - D™°h°: Motivation

............ e e m el RIS s e

s Neutral B°~ D(*)°h° decays proceed through

color-suppressed internal W* diagrams color-allowed
s Strong interactions in the final state (FSI) can ::H‘ﬁ< ; Ml
modify decay dynamics RO .-
« Perturbative QCD (pQCD) B’ a ) & D
e.g. PRD 69, 094018 (2004), color-suppressed
PRD 68, 097502 (2003) - ¢ O
« Soft Collinear Effective Theory (SCET) s n "
e.g. PRD 65, 054022 (2002), B d no‘n.po.m‘n.
PRD 68, 114009 (2003), j " g SRR

PRL 608, 77 (2005)
s Previous BF measurements seems to disagree with factorization
approximation
s Non-factorizable contributions my be dominant for color-suppressed modes

s Stronger experimental constraints needed to distinguish among QCD
models (pQCD, SCET, ...)
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B°- D"*h°: Strategy

D*° candidates:
- D" reconstructed in several modes (K'1t', K'Tt'rt, K'Tt're ', KP_10'TT).

IM__ (D%)—M__ (D% <~30 (5.0,5.5,6.1,11.0 MeV/c?)

REC PDG
« D*% reconstructed in D*° - D(1P/y). IM(D*°) — M(D°)| < 10 (1.3—7 MeV/c?)
h? candidates reconstructed in several modes: - vy, n - (W/TTTTY),
W TCTCTE, N' - (PN (- yy)). Mass window depends on resolution
B° candidates:
* A total of 72 modes counting all D*°h° combinations
. Signal window m__ > 5.27 GeVi/c*
Use Fisher to further reduce continuum gg background
B - D% (h™ =1, p7,) as control sample (Data vs MC comparison)
Signal yields extracted with unbinned maximum likelihood fit to AE variable

Cross-feed between B° - D*°h° -~ B°_ D°h°modes estimated with iterative
procedure

Alejandro Pérez, QFTHEP 2011 Sochi, Russia. Sep 30th 2011 9



B’ D™*°h°: Results (1)

o T TR T N S e T

Data Sample:
54x10° BB

B0 D"h0 modes
T ' >4SU:
E4oof

T ¢
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1
1
A4

S0 DN (YY) 1

Events / 14 MeV

s For every h° = 17,
n, ®, ' mode the
plot show the

measurement
integrated on the

G_II‘I|‘l‘l‘l'i'"‘l"["|- [PRATOR I P T OO TR 111:
02 -01 0 01 02

D° modes (K1, 3™ TR 3
e 4 2 160F ) s
Ko, Ko, g, : :
K®_TT'TT) o g
_ _ S1o0t S :
s Signal yields are  “ - :
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significances " :
above 50 o vttt et e
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Plots
corresponds to

D*°_, D1

For every h° = 10,
n, w, ' mode the
plot show the

measurement
Integrated on the

D° modes (K1t

KT, Koo,
(T

KE,TUTT)

Signal yields are

extracted with
significances

above 50

Events / 14 MeV
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B°-. D'*)%h°: Results (Il)
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¥ BFs consistent W|th previous measurements
D°%h°% consistent with 1.0 (within 30%)

s BF(B°-

D**h°)/BF(B° -

------- e s

e T

IS Srrrrr mr

- D*%Rh°%: Results (Ill)

as expected by SCET but dlsagrees Wlth pQCD

I BABAR Preliminary = L

B(BY —) (x10~%) This measurement | |nm e

D00 2.69 + 0.09 + 0.13 | """ =%

D*070 3.05 4 0.14 + 0.28 | |n (combined)up

D 2.53 £ 0.09 + 0.11 | | o

D*0y 2.69 + 0.14 + 0.23

DOw 2.57 + 0.11 £ 0.14 | |7 @wn =P

D*%w 4.55 £ 0.24 £ 039 | | o) o

D/ 1.48 + 0.13 & 0.07 | |pibine

Dyt 1.48 +£0.22 £0.13 ||~ FEe
0 0.2%.40.6(3.8 11.21.41.618 2 2.2
BFEB — D°h%/ BF(B — D°h?

s Measure fL for B>
f =(665+ 4.7 +
L stat

1.5 )%
syst

s Much lower value than HQET predictions
f =(89.5+ 1.9)% e.g. PRD 42, 3732 (1990), PRL 264, 455 (1991)
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D*%wmode for the first time!

Data Sample:

54x10° BB

arXiv: 1107.5751

To be submitted to PRD

fL Measurement

Combination e

Do(—> Kgn'n“') & ——H

D°(— Kn*n?) —e—i

D°(— Krn*nmt) *+—e—i

D’(— K1) —e—

0O 10 20 30 40 50 60 70 80 90 100

f_ (%) for B’ — Do

BABAR Preliminary
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B°~ A* AK: Motivation

s BF(B - baryons) ~7%, but sum of known modes accounts only ~1%

s B - baryons poorly understood theoretically [J study of as many
exclusive modes as possible can help to understand the decay
mechanism

s Threshold enhancement in bayon-antibaryon mass has been
observed

s B - baryons may provide evidence of new/poorly known resonances

B°- A" AK™ Feynman diagrams

Q_|aé|0'
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B°-A* AK: Strategy
C
s N\°_candidates: A" - pK™t. Vertexing, 2.273 < M(A") < 2.299 GeV/c?

s A candidates: A_Pprt.  Vertexing, 1.113 < M(L) < 1.119 GeV/c?
s B° candidates:
- Mass constraint (A" mass fixed to PDG) of A" AK"to same vertex

- Signal window 5.272 <m__ < 2.288 GeV/c*
s Distance between B and A vertexes in xy plane > 0.4cm
- Rejection of 99.6% of B~ A" pK 1" background

* Rejection of 18.0% of combinatoric background
s Signal yield extracted with binned maximum likelihood fit to AE variable

s In the BF measurement, efficiency is corrected accounting for the
phase-sapce distribution (two-body invariant masses) observed on data

Alejandro Pérez, QFTHEP 2011 Sochi, Russia. Sep 30th 2011

14



g

B~ A* AK': Results
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s Signal Yield: 51 + 9 events , ~8c significance

| BF(B°-~A"AK) = (3.820.8  +0.2 +1.0, )x10° |

s Within signal region look at all combinations
of 2-body invariant masses of the B®~ A" AK

final state. Enhancement at high (/\*CK‘) mass

Alejandro Pérez,

arXiv: 1107.5751
Submitted to PRD
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CP Violation

Alejandro Pérez,

« CPVintT > n‘KOS(nT[")vT, n=0,1,2
- T-odd correlations in D'/D*_ - K*K° JUTC

¢ B+ — K+T[OT[O

QFTHEP 2011 Sochi, Russia. Sep 30th 2011

16



CPVintT -0 (nn")v Motivation

R R R S T S e s

s Standard Model (SM) predicts no CPV in ﬁ & - V. \
T -1K%_decays
s CPV in the Kaon sector induces a non- w- u
zero A_, onthe T - n‘KOSvT final state i" g =
A MU -mKy )-TT -mKW ) Tree g &
cP 0 0 Ko
FE KV )+ MU -mKW ) \_ K* )

s SM prediction A**__ = (0.332 + 0.006)% | PLB 625, 47 (2005)
s A deviation of the measured A__ from ASMCP would be a hint of NP

e e.g. an additional CPV phase from
Charged Higgs boson PLB 398, 407 (1997)

s Additional s in the final state are not expected to change the A

- Can consider the modes 1" 1tK° (nt)v , with n=0,1,2

Alejandro Pérez, QFTHEP 2011 Sochi, Russia. Sep 30th 2011 17




CPV in v - WK’ (nr’)v : Strategy

LT e s T S e s

s Leptonic tag technique very usefulto  V_y
reduce backgrounds A

Ay T
s Tag-side: only hard leptons (e,L) -
. p* > 4.0 GeV/c (rejects non-t !
decays backgrounds) e orpu’ E
s Signal-side: : :
Lepton tag ' Signal
o M(n‘KOS(nnO)) < 1.8 GeV/c? hemisphere ™ hemisphere
(rejects qq backgrounds)
. Likelihood ration to reduce & e 1K
remaining backgrounds 2 10 BABAR
w Preliminary

qq: visible energy, # neutral 10

clusters, Thrust, total p_ ,
_ 10 [ qq bkgd
K®.: displaced vertex, M(K®), 1 m i
_ 1 1 3
momentum and 6 of K°_candidate ,- . [ . AT
S 0.5 1 15 2 2.5 3
2
Alejandro Pérez, QFTHEP 2011 Sochi, Russia. Sep 3! M, (GeVic)



CPVint - n‘K°s(nn°)v_t: Results

S T S e s

Data Sample:

s Measure raw A after subtracting continuum qq and non—KO;j A437x10° T*T"

t-decays. Raw A _, corrected by

. Different KK° interactions with material

(0.14£0.03)% for e-tag and (0.14+0.02)% for p-tag
- Dilution from backgrounds modes with A_, different than signal

Source Fractions (%)

e-tag [-tag

T~ - K2(>0r) )y, 784 +4.0 774 +£4.0

BABAR Preliminary

[’r_ — K- Ke(> 0w, 4.2 £0.3 4.0 +£0.3

ASM_ = (-0.332+ 0.006)%

[’r_ e a KOKO . 15.6 = 3.7  15.7 +3.7

AM =0.0

CP

Result:

arXiv: 1109.1527

A_ (T > TTK° (nTC)v ) = (-0.45 £ 0.24 +0.11 )% || Submitted to PRD

Alejandro Pérez, QFTHEP 2011 Sochi, Russia. Sep 30th 2011
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CPV in D'/D" - K'K° JTUT: Motivation

----- TR T N S e T

s Direct CPVinD decays (

e CKM suppressed in SM O(10°). NP can
Increase/reduce effect

 Current experimental precision O(107)
s New strategy based on Bigi hep-ph/0107102
s CPT invariance: T-violation O CPV
s Define T-odd observable

—»—»

C. =P (px pﬂ )

D" rest frame

.

s Build the following asymmetries . .
rc . >0)-r(c <o) _ rc . >0)-r(c_<o)

A — _
T r(Cc,>0)+r(C.<0) T r(C,>0)+Tr(C_<0)

Measured on D+(s) Measured on D‘(S)

s Final state interaction (FSI) may induce T-odd asymetries A_#0

s+ Remove FSI effects by measuring
A T-violation observable

- A= "2(A_— ZT)

Alejandro Pérez, QFTHEP 2011 Sochi, Russia. Sep 30th 2011



CPV in D'/D’ - K'K°_10'rt: Strategy

s Inclusive D+( reconstruction

s)

------- e s

T S e s

o + . + +170 - 0 -
e’e - XD (S),D(S)_,KKSn*n,KS_,n"n

4 p*(D*(S)) > 2.5 GeV/c
s 21k D" Cabibbo-suppressed

s 30k D*S Cabibbo-favored
s Use Likelihood ratio (LR)

technique

« Decay distance in the
transverse plane LXy

« CM p*(D” (S))

* Vertexing probability

difference P1 — P2

P_= 4 particle vertex

2

Alejandro Pérez,

P_ = primary vertex

QFTHEP 2011 Sochi, Russis
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CPV in D'/D" K"K"sn"'rt‘: Results (1)

[

- |Data Sample:
PRD 84, 031103 (2011) 520 fb™

D*_,K*K"Sn*n‘ D* _,K*K"Sn*n‘

Events/(1.1 MeV/c?) Pull

200 e 200

S
— N
P ol Ty — —
43 4 = 3 . 4 = +3E SO = +3E =
Ot St B 0 . S g 0T T = T O T e e
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Ji f 3 o gooi f t 3 S12008 L B T T T | {\12057 f f T T T T ]
- D' (C>0) 1 L DT(C<0) 1 2" Dr(c >0 e :
g 1 o Y% ] 1000 T 4 31000F 3
3 4 = T700f 1 = . 1= . ]
E 4 = 600F 4~ 800F - — 800F -
E 4 & = 4 = [ ] = E ]
g ERT 200¢ i 3 600- 4 Z 600 =
e I & 400g ERE = F 3 = F 3
E ¥ =3 E C i r i
PR = D 3000 s e S 400 ] S 400; ]
Ll 200f™ 5T (| T L &

Events/(1.1 MeV/c) Pull

100 E -
| T T Y BSOS T O ] T O T B L P P B [ NI P B
182 184 186 1.88 10 102 1.82 1.84 1.8§ - +1.96 ro8 2 202 192 194 1. 96 ro8 2 2
m(K'K2n*m) (GeV/c?) m(K K2 BABAR Prehmmary (K2 ) (GeVIc) m(K K2 ) (GeVIc)
+3= N = — +3F — — — = = +3F - —
e e - - e LR ati e et —~ S =] : =, = S = i . = =
7(31:_ = : Z 3 7[3)1. : s R gi e s B 7(3): T =
900F ‘ ! 3 &5 900F ! ‘ ! I 12000 P &zeo T T e IR
F D > E F D < 2= B 1= - D, (C+<O0 ]
E 3 = 700p 53 = F 1 = u ¥ 1
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CPV in D'/D" - K"K"Sn"rt‘: Results (ll)

— i - |Data Sample:
PRD 84, 031103 (2011) 520 fb™!

D’ - K'K® ' D' -K'K’ m'm
+\ — - ) = (- -3
A(D")=(+11.2£141  +57 )x10° A(D')=(-99.2+10.7 83 )x10
-~ _ -3 ) = (— -3
A(D)=(+35.1£14.3  +72 )x10° A/(D)=(-721+109 +10.7 )x10

Large FSIin D_than D" decays | arXiv: 1107.1232 (2011)

— I

| BaBasr(2 [ - | = K1 ]

15 w3 0 5 10 15
AT (107

s T-violation asymmetry
consistent with 0

s A factor of 10 improvement over
previous results

Alejandro Pérez, QFTHEP 2011 Sochi, Russia. Sep 30th 2

i3 io 4 (I 5 i0

-
AP (x 107

Similar BABAR analysis with

D . K'K™mt'rt (~47k D°)

/‘ZLT(DO) =(+1.0+£51 + 4.4syst)><10‘3
PRD 81, 111103 (2010)




s Expected ACP(K+1T‘) ;ACP(KJrTlO)

s Experiment finds
ACP(K+TLO) = +0.050+0.025

A_(K'TT) = -0.098+0.012

N

e T

50 difference

> “Kmt puzzle”
SM o NP?

>
Mod. Phys. Let. A 24, 1983 (2009)

s Large hadronic uncertainties in SM [ no
clear interpretation in terms of NP

s Larger Tree/Penguin ratio expected for B - K*1/Kp modes [ Larger CP

asymmetries

........

B'- K'’r’: Motivation

Penguin
b

B, BY

u, d

s |s there a similar puzzle in the B - K*rtsystem? Need to compare

A_(KTT) = A_(K*'T0). K*'1t’ contributes to B* - K'Te'rt

s Dominant contributions to B* - K*'r®r® Dalitz plot may help clarify
interpretation of inclusive time-dependent CP-asymmetry of B - K°_1CT.

SM expects S (B° - K°_ 1) = —sin(2p)

Alejandro Pérez, QFTHE%D2011 Sochi,SRussia. Sep 30th 2011




B'- K'in’: Strategy

............ Pt TR s e

s 1-vyy. 115 < M(10) < 150 MeV/c?

s B*: mass constraint (T’ mass fixed to PDG) fit of
KT’ to same vertex

s AE correlated with Dalitz Plot (DP) I not used
In the fit. Signal window -150 < AE <50 MeV

1 MeV/c?)
W =
(=) [}
S [}
(a=] (@]
(=) [}

.

20000-

Events / (1
2
=

012 0.14 .16
s Veto: 0.40 < M(1°r) < 0.55 GeV/c*to exclude B* - K*KOS(_,T[OnD) m,, (GeV/c?)

Background (rejects 96% and keeps ~100% of signal)
s Use Neural Net (NN_ ) to further reduce continuum qq background. Apply

loose cut NN_ > 0.3 [ rejects (keeps) 82% (90%) of continuum (signal)

s Signal yield and global A__ extracted with unbinned maximum likelihood fit
tom__ and NN__ variables

s Fraction of self-cross-feed (SCF) events strongly dependent on DP.
lterative method to estimate SCF fraction using sPlots = NiM A555, 356 (2005)
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' K'Tr: Results (1)

T SRR T S e s

To be submltted to PRD

Data Sample:
71x10° BB

Inclusive B* - K'T’r® measurement:
Convergence after 4 iterations [ Signal Yield =1220+85andf__=9.7%

SCF

E

E

100 significance including systematic effects!
BF(B" - K'T'r’) = (16.2 + 12+ 1.5Syst)><10‘5

A_(B'-K'T) = (-6.0+6.0__ +4.0 )%
stat syst

E

E

E T T T T —_ T T T T
. BABAR — —
= 1500 BABAR

. Preliminary

Preliminary

1000

Events / (0.

100 -=signal e T

-] 500

Events / (1.3 MeV/c?)




Quasi-two-body contributions:

B' - K'Tr®: Results (Il)

T SRR

T S e s

To be submitted to PRD

Data Sample:
la71x10° BB

s Use sPlot technique to obtain DP distributions from m__-NN__fit.

Events / (150 MeV/c?)

Project DP onto the 2-body invariant masses
Signal peaks from K*(892)*1?, f (980)K™, x K" are clearly seen

Broad peak at ~1400 MeV/c? in the K'r’mass, possibly from K*_ (1430)"1C

No enhancement from f, (1300) in pipi mass. Deap at ~1500 MeVc?

BF and A_, extracted from fit to 2-body invariant masses around resonant

masses

K*(1430)"*
2007 n P
150- 4 T ]

4

100" u -+
50— BABAR
- +K*892)"  preliminary"

o= )
T

i

1 15 2
0 (GeV/c)

~- - - == —— — -

Events / (100 MeV/c?9)

f (980)
N <~ 80
I \f BABAR | U
150:_ Preliminary - %
i =
100" + 15"
L - QO
ol . 4ty 1=
n + 1Sy
T e g
0= f (1300) 22?2 - 5
e i 4

0.5

| | ‘1‘.5I — _2
m (GeV/c)

=
T T T T

—————
BABAR |

X°°\+

Preliminary/|




* o K'1r?: Results (1)

T e TR

Data Sample:

T S e s

71x10° BB

To be submltted to PRD

s First inclusive measurement of B - K*'1'r!
s More statistics is needed to better test A__(K*'17) = ACP(K*+T[0)

Mode B(B* = Rh—K*n'7")  B(B" —Rh) Acp
BT = K*'7"  (162412+15)x 107" —~0.06 4 0.06 £ 0.04

B (8027 (274054 04) 1075 (82415+11)x 10°° —0.06+0.24+ 0,04 | [T© D€ compared with

A_(K'TT) = —0.25:0.07+0.02

BT — f0(98U)K+ (284£0.6£0.5) x 107 0.18+£0.18£0.04

BT = yoKT (0.51+0.2240.09) x 107 (18+8+3+1)x 107° =0.96 + 0.37 +0.04

S e paeA T [renor T Baean 1T T TR

= EK (892) Preliminary” % 300: 0( ) Preliminary | = IOOXCO Preliminary’

S2000 P 1O O i

N S > O e 5

3100'— . g é > § 50—t i

2 = T £ . s L V] L]

S £ S TR e I
. 1 @ O R a—

m_1007 - ] [_E —‘.‘\:H.‘@\H.‘\H:.‘\r

0.9 1 1.1 1.2 3.35 3.4 3.45 3.5

m_, , (GeV/ c?) m_,, (GeV/ )



Bottomonium
Spectroscopy

. Bottomonium (bb) radiative transitions with y- e*e”
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The bb Spectrum: Introduction

------- e s T e S s e

s Studies of bb (bottomonium) and cc ~ **
(charmonium) bound states provide

I-J1 3¢ 3p 3p 3p 1D 3 3n In ?
So S, P, P, P, P1 D, 3Dz D, D, 7,
11000

insight about inter-quark forces ) ey TR
: > .
s Searches of predicted states (Not 210800 7
dISCI.JSSGd here) _ _ 210600~ Y(fs) Open flavour threshold -
» Discovery and confirmation of the g
bottomonium ground state (L=0,5=0) 10400 —
f £ hunt e
n,(1S) after 30 years of hunting )Y (39) S,
10200~ 2Py ) %, .
- Searches of the h_(1P) state to X (ZP)X"’?QP)hQP)Yég Yo, Yo, 1P
. . . = D1 b
understand hyperfine mass-splitting of 10000“25):% ] i -
P-wave states ; 5 i §
- iy : 9800~ "l phiPs -
s Study of radiative transitions (This talk) e tabished
« Measurement of electric (E1) and 9600 -
magnetic (M1) transition rates [ Theory
- 9400 =v{s) ]
» Better understanding of model- h(19)
dependencies of inter-quark potential N800 T I IO I IO AN AN O O
: : S ittt 2t o= A= - At A7 PC
« Useful spectroscopic studies of mass 0°1T2°10°1T°3 212 ?72°J
measurements

PRL 101, 071801 (2008)
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bb transitions using y- e'e": Motivation

T e TR T S e s

—

Bottomonia radiative transitions well described &

N—

by effective potential models (non-relativistic) > 2;

Higher-order relativistic and model-dependent 102 \;
effects may play substantial role in suppressed -

radiative transitions (e.g. E1 Y(3S) - yx_(1P)
and “hindered” M1 Y(nS) - yn (n'S))
Doppler broadening and detector resolution

(EMC) may lead to unresolved radiated photon %21 TR
energies from different transitions

10F

-20F

Want to separate the individual contributions for y- e'e” efficiency
more precise mass-splitting measurements
P P g . 0025 BABAR / ++H++++++*++ﬁ—
Use converted photons (y-e’e”) in detector - Preliminary A
) 0.02 ++++”"'* —
material - :
0015_— "0”, —:

Pros: lower resolution (~5MeV) than EMC
detected y (~25MeV)

Cons: decreased efficiency (0.1 — 2.5%)

ooifE- -

0.005 =

Photon Efficiency / (10 MeV)

OE.I..I‘.I.‘I.-I.“I.I..I..I.' 1111 I 1111 I 1111 | 111 1 I 1111 I 1111 | 1111 | 11 II_:
0 01 02 03 04 05 06 07 08 09 1
. , . . E, (GeV)
Alejandro Pérez, QFTHEP 2011 Sochi, Russia. Sep 30th 2011 ol




bb transitions using y- e'e: Strategy

............ e e m el RIS s e

s Selection
- N__ _and distribution (|cos(6, )I)

tracks
consistent with a multi-hadron event

Data Sample:
111x10° Y(3S)

BABAR
Preliminary |

Events / (4 MeV)
T
_—
w 4
o -
-~ |

70000

60000

 Good photon conversion candidate: x* 50000

fit, m(e"e’), p, and TC veto

40000

30000

s Fit to CM photon energy spectrum (E*v) 20000

< \IH|IH\|I\H|\IH‘IIH‘III\|\I

In four different regions 10000 / vV, VvV :
« IV.Y(3S): 180 < E* < 300 MeV. %2 04 06 08 112
¥ E, (GeV)
X, (2P) - YY(2S) é 30000 | " IData Sample:

Y(3S) - yx,.(1P) and Y(3S) - yn,(2S) ?;» 30000/ BABAR

= - Preliminary -

- VI Y(3S): 600 < E* < 1100 MeV. 20000]- \\
X,,(2P) - yY(1S) and Y(3S) - yn (1S) 10000 - -

« VI.Y(2S): 300 < E* < 800 MeV. N ]
y 0 04 0.6 038 1 1.2

X..(1P) - yY(1S) and Y(2S) - n.(1S) E, (GeY)

Alejandro Perez, QFTHEP 2017 Sochi, Russia. Sep 30th 2011 32



bb transmons using 7—>e 2 Results (1)

arXiv: 1104.5254 Data sample:

Reglon V. Y(3S): 180 < E* < 300 MeV Accepted by PRD 111x10°Y(3S)

s Measurement of be(ZP)—wY(ZS) transitions (J = 1,2 mnost precise!)
= Potentially sensitive to D-wave bb states (6): Y(1D )—>vx,,(1P)

= 10— T 2 z00F " T [ T T T ]
2 4000f- Full Sample 2 ook %, (2P) Background
= 3500F N - Subtracted E
P = = 800 ]
5 00O = [ BABAR % (2P)
(5 2500F 2 600E Preliminary " E
2000 400 YD) -
- _E - xh“(ZP) B
O BABAR - ottty +1»1J\1“
500; Prellmlnary _§ i [ *TW' rt ! o 'T'i *' 1
Q8 0z 02z 024 026 '0.%8' s e e
E, GeV) £ (GeV)
Transition B Yield e | Derived Branching fraction (%)
(MeV) (%) BABAR CUSB CLEO

xb0(2P) — 4T (2S) 205.0 —347 £209 0.105 |-4.7+2.87 7L +05(< 2.8)[36+1.6 <52

o1 (2P) — 47 (2S) 229.7 4294 £ 251 0.152| 1894+ 1.1+£1.24+1.8 [13.64£2.4 21.1 445

Xo2(2P) — 77(28) 242.3 2462 +£243 0190 834£08+06+£1.0 J10.94+22 99+£27
N -

Alejandro Pérez, QFTHEP 2011 Sochi, Russia. Sep 30th 2011 33




bb transutlons using 7—>e e : Results (li)

arXiv: 1104.5254 [~ | Data sample:
Reglon V. Y(3S): 300 < E* < 600 IVIeV Accepted by PRD 111x10°Y(3S)

s Measurement of Y(BS)—Wij(lP) and Y(3S)—m, (2S) transitions
= Complicated: Overlaps with x_(1P)—YY(1S). Many ways to produce y, (1P)
= Y(3S)—>m, (2S)in 335 < E*Y < 375 MeV. BF < 1.9x107° at 90% CL

5 6000 Full Sampie

= 12 F around -
z 1 2 4o00f %, (1) Background -
= conof 1= - Subtracted -
::.: 4000_—+ ?U:: 3000:_ BABAR _:
= = - Preliminary ]
2000 ]

3000— — - ]

2000~ BABAR 1000
- Preliminary |
1000~ - o
- ] L %, 1P)  x (1P) %, (1P) t h,, (1P) # m
030385 02 045 05 0‘5'3 0.6 03 " oas o1 o4s o5 '0.|§5' 0.6
E (GeV) E, (GeV)
Transition E Yield ¢ (Derived Branching Nraction (x10~°)
(MeV) (%) BABAR CLEO
T(3S) — yye2(1P) 433.1 9699 + 318 0.794  10.5+0.377 7 TT+1.3
T(3S) — vxp1 (LP) 4522 4834315 0814 05+03' )7 (< L.0)] 16405

T(3S) — vxpo(1P) 483.5 2273 4 307 0.73 2.7+04=02 ) 3.0x1.1
Aleje 34




bb transitions using y—e*e: Results (1)

— arXiv: 1104.5254 [~ | Data sample:
Reglon VII. Y(39): 600 < E* <1100 IVIeV Accepted by PRD 111x10°Y(3S)

« Measurement of be(ZP)—er(lS) and Y(3S)—m (1S) transitions
= Most precise measurement of BF(y_ (2P)—YY(1S))
= BF(Y(3S)—>m (1S)): ~2.70 significance (including systematics)

2500 e e — e
= = - ]
e Fu|| Sample_ 2 2000 BABAR E
E 2000} E E -~ Preliminary .
2 - ] g 1t %, (2P) B
g 1500__ __ g : 046 098 :
= - 1 ™ 1000 %, (2P) e
LoooE- E u Background :
- BABAR . 500 Subtracted -
soo.  Preliminary . . ISR n (S) .
E E O Mz D 2 .“ i :
BE065 07075 08 085 09 065 T 05 T 0.6 065 0.7 0.75 0.8 085 0.9 095 1 105 L1
E, (GeV) E, (GeV)
Transition B Yield e [ Derived Bl'e.u.’u::]:lil:lg‘Fr'a.ci:ti0]:1 (%)
(MeV) (%) BABAR CUSB  CLEO
xb0(2P) — AT(18S) 742.7 469755 1.025] 0.7+£04757 +£0.1(< 1.2) | < 1.9 < 2.2
b1 (2P) — 47(15) 764.1 14965133 1.039 9.940.37)5 £0.9 75+ 1.3 104+24
xb2(2P) — 47 (18) 776.4 11283%332 1.056 7.0+£02+0.3+£0.9 6.1+1.2 7.7+£2.0
T(39) — ynp(1S) 907.9+2.84+0.9 93373500 1.388 \0.058 + 0. 01610516 (< 0.085 ) - -

- r
Althuu.uu rcics, WL LI1IT ZU 11 JUCIIL, 1nuodlid. et 1oL AV s e e 35



bb transitions using 7—>e 23 Results (1V)

P TTTO

Reglon VI. Y(2S): 300 < E* < 800 I\/IeV

Data sample:
89x10°Y (2S)

arXiv: 1104.5254
Accepted by PRD

= Measurement of be(lP)eyY(ls) and Y(2S)—m (1S) transitions

= Most precise measurement of BF(y 1(1P)eyY(1S))
= BF(Y(2S)—->m (1S)):~1.7c S|gn|f|cance (mcludmg systematlcs) Background
Subtracted
>3500:—' L U L L I l'—: S‘ZOOO:‘- T T ™1 '|";' T T T
= 30001 Full Sample - = - : ‘* ﬂ H* HH } 17
= - 1 = 1500F %, (1P | 2 I“:EWW_H_WT‘M -
g 25000 ERE - SR ST S A B
E 2000 — L‘% 1000:_ o v o ( E| (G o E
Ls00F- E - BABAR .
= E 500l Preliminary ]
1000  BABAR i = H ISR 1,09 -
500;_ Preliminary E by B 1 ey st bt
037635 0.4 0.45 0.5 055 0.6 065 0.7 0.75 0. 0.3 035 0.4 045 0.5 055 0.6 065 0.7 0.75 0.8
E, (GeV) E, (GeV)
Transition EZ Yield e g Derived Branchiny, Fraction (%)

(MeV) (%) BABAR CB CUSB CLEO
xb0(1P) — 7Y (1S) 391.5 391 +£267 0494 22 15702 +£02(<46) |5 <12 1.7+04
x»1(1P) — 4T (1S) 423.0 12604 £ 285 0.544 3494+ 0.8 +£2.2+£2.0 +7 40 £ 10 33.0 £ 2.6
p2(1P) — 77 (15) 442.0 76651310 0.57( 1954+0.75132 £1.0 +6 19+8 185+ 1.4

Y(2S) — vnp(1S) 613.773007T 1109 4 348 1.05(

4+0 o7

\ 0.11 4+ 0.0415:0

(< 0.21)

AICJCULLU.U rcicys, Wiy £Vl 1l oullll, INUdd1d. WJLL 1oL
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bb transitions using y—e*e": Results (V)

= arXiv: 1104.5254
Decay BABAR (%) Theory (%) Accepted by PRD
B(xs0(2P) — ~7(25)) (< 2.9) 1.27 |
B(x»1(2P) — 47 (25)) 19.1 +2.3 202 @ .
B(xs2(2P) — AT(2S)) 82+ 1.4 10.1 § = BF(x,,(nP)—=>yY(mS)) from E*,
B(xw0(2P) — 77(15)) (< 1.2) 0.96 o spectrum. Some of the most
B(xv1(2P) — 7T (15)) 9.9 fll(-)l 118 & precise measurements
B(x»2(2P) — ~T(1S)) 7.17;¢ 5.3 | - m -
Blio(1P) S T8 (< 4‘_)6% =N Theoretical predictions in |
By (1P) — AT(18)) 36.2 + 2.8 461 & reasonable agreements with our
B(xs2(1P) — ~4T(15)) 20.2+18 29.2 measurements
Source J=ll J=1 J=32
- Y(3S)-vx_(1P): J = 1 suppressed | BABR 5110 <22 216425
w.rtJ=0,2 Moxhay-Rosner 25 25 150
= Expected small transition rate = | Grotch et al 11434 1A
relativistic corrections Daghighian-Silverman 16 100 650
= No good agreement with any Fulcher 1020 30
particular model Lahde 150 110 40
Ebert et al. 27 67 97

Alejandro Pérez, QFTHEP 2011 Sochi, Russia. Oct 14




Conclusions

............ s mnnm = TR s e

s BABAR last data collected in 2008, but collaboration still very
active

s Many results (over 100 ongoing analyses) on a variety of topics
s BABAR continues to produce interesting and competitive results

s Stay tuned for more results

Alejandro Pérez, QFTHEP 2011 Sochi, Russia. Sep 30th 2011 38
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