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Introduction – 

Radiative Transitions 
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E1 transitions dominate 

Model prediction: 

 

 

Ratios depend on matrix elements and energy 

 

 

E1 partial widths: J=2 > J=1 >> J=0 

(3S)  cbJ(1P) is an exception 

cb0(nP)  g(mS) suppressed 

BRs inform relativistic corrections to theory 

Mass splittings useful input to potential models 

and lattice NRQCD 

e.g. Brambilla et al., EPJC 71, 1 (2010) 
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Introduction – 

Experimental Measurement 
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Analyze (mS)gsoftcbJ(nP)ghard(pS)(m+m-) 

to measure BF and mass splittings 

BaBar dataset: 981M (2S), 1211M (3S) 

 

 

 

 

 

 

 

 

Two analysis techniques: 

Two calorimeter photons 

One converted and one calorimeter photon 

“EMC” 
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Calorimeter (“EMC”)  

Analysis Overview 
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Fit each J-channel separately in Egsoft spectrum 

Due to resolution, Eghard not resolvable in EMC 

Extract relative yields/energies to reduce systematics 
 

 

Relate to BFs and mass 

 

 

 

 

 

 

Challenges: large gsoft background, low exclusive branching fractions, 

overlapping energy peaks 

2S1P1S 
3S2P2S 
3S2P1S 
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EMC: (mS) gcbJ(nP)g(pS)m+m- 

Reconstruction 
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Basic reconstruction 

(pS)m+m-, constrained to m(pS)(PDG) 

Add photons with Eg(LAB)>30 MeV, lateral moment<0.8 

Constraints: ggm+m- = m(mS)(PDG), beamspot/energy 

Select best candidate with P(c2) 

 

 

Main background sources 

e+e-  m+m-(g) 

e+e-  (mS)  m+m-(g) 

(mS)  p0p0(pS)(m+m-) 

“Beam” background 
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EMC: Background Rejection 
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Reject with two techniques 

Fit probability (“physics”) 

EMC cluster-timing-difference-significance (“beam”) 

 

Require: S<2.0 (3.0 for 3S2P1S) and P(c2) <10-5 

No J or Eg selection bias 

 

Remove ~95% of background 

Retain >90% of signal events 

Losses mainly in low Eg tail 
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EMC: Signal Extraction Strategy 
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Egsoft Signal Fit 

Signal: double-sided Crystal Ball function 

Float J=1 mean (m), yield (N1), and fJ = NJ/N1, dJ= mJ-m1  

Float a1, a2, and s for J=1, extrapolate for J=0,2 

Exponential tails (n1, n2) fixed to MC 

Background: exponential plus linear function 

 

Systematic uncertainties 

e1/eJ : variance with P(c2) cut, uncertainty due to MC statistics (<0.5%) 

fJ and dJ: “jitter” MC technique 

Vary parameters within 3s of data fit results and refit 

Fit pull distribution from 50k “toys” 

Mean/width give systematic bias/uncertainty 

Largest mass/yield effect for J=0 (0.5-3 MeV/few %) 

For J=2 contribution to uncertainty typically (neg./<2%) 
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EMC: mSnPpS Fit Results 
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J=2 J=1 

J=0 

J=2 J=1 

J=0 J=0 

J=1 J=2 

2S1P1S 3S2P2S 3S2P1S 
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Calorimeter + Converted Photons 

(“Conv.”) Analysis Overview 
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Reconstruct ghard from conversions, gsoft with EMC 

Measure full exclusive branching fractions 

3S1P1S: conflicting theoretical/experimental results 

 

 

 

 

 

 

 

Fit each J-channel separately in ghard, except 3S1P1S 

where ghard and gsoft overlap and are fit together 

Challenges: low e, difficult line shapes 

2S1P1S 
3S2P2S 
3S2P1S 
3S1P1S 

Large J=2 
No J=1 

CLEO, PRD 83, 054003 (2011) BaBar, PRD 84, 072002 (2011) 
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Conv.: (mS) gcbJ(nP)g(pS)m+m- 

Reconstruction 
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Basic reconstruction 

(pS)m+m-, constrained to m(pS)(PDG), require P(c2)>0.0001 

Add converted photon 

ge+e
-
 with dedicated fitter 

mg<30MeV 

1.7<rg<27cm 

Add EMC photon (as prev.) 

 

Background reduction 

Similar background sources: m+m-(g), p0p0(pS) 

Timing information unavailable 

Optimize “standard” cuts for 3S1P1S S/B 

Ntracks = 4 and R2(all)<0.95 

e = 0.1 – 0.9% (depending on mode) 

BaBar, PRD 84, 072002 (2011) 

DCH inner wall 

Support tube 

SVT layers 

Beampipe 
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Conv.: Signal Extraction Strategy 
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Eghard Signal: MC kernel-estimated PDF 

Complicated line shape: Doppler-broadening, helicity, efficiency variance 

Ambiguous Eghard for 3S1P1S 

KEYs PDF accounts for both 

Eghard Bkgd: flat(3S1P1S)/broad(other) 

 

Systematic Uncertainties 

Luminosity: (3S): 0.58%, (2S): 0.68% 

MC/data e difference: ~5.0% 

PDF Shapes (MC versus actual) 

Refit data with double-CB allowed to float 

Mode dependent (2%-30%)  

Use average for 3S1P1S (5.9%) 

Secondary BFs from PDG (2-8%) 

MC MC 

MC 

MC 
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Conv.: mSnPpS Fit Results 
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2S1P1S 

3S2P2S 3S2P1S 

3S1P1S 

J=2 J=1 

J=0 

J=0 

J=1 
J=2 

J=2 J=1 

J=0 

J=1 

J=2 
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Primary Results Summary 
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THIS ANALYSIS PDG-DERIVED 

EMC ANALYSIS CONV. ANALYSIS 
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Secondary Results – Potential Model and 

Lattice NRQCD Parameters 
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Spin-dependent potential model terms: 

P-wave masses defined by 

 

 

 

Reduce uncertainty via DM instead of absolute masses 

 

 

 

 

Spin-dependent NRQCD lattice terms 

[2]: Besson & Skwarnicki, AnnRevNucSci 43, 333 (1993) 
[13]: CLEO, PRL 94, 032001 (2005) 
[12]: CLEO, PRD 59, 032003 (1999) 

e.g.: Davies, LectNotePhys 512, 1 (1998) 
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Secondary Results –  

Derived Branching Fractions 
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“Previous Average” re-derived from source with updated daughter BFs 

Good agreement and improvement for almost all transitions 

New information on J=0 transitions 

PDG, PRD 86, 01001 (2012) 
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Secondary Results – 

Relativistic Corrections 
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(3S)gcbJ(1P) 

Results consistent with J=2 > 0 > 1 

Slightly favors previous BaBar result 

Disagreement less with updated BFs 

 

 

E1 matrix elements are spin-independent 

 in the non-relativistic limit 

Departure of ratio 

 

 

 

from 1 indicates necessity for corrections 

 

CLEO, PRD 83, 054003 (2011) BaBar, PRD 84, 072002 (2011) 
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Summary 
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Study of (mS)gcbJ(nP)g(pS)(mm) using two unique and 

complementary techniques at BaBar 

Calorimeter (with timing information) 

Converted and calorimeter photons 

Best evidence for cb0g transitions 

>5s for 1P  1S, >3s for 2P2S, ~2s for 2P1S 

New measurement of (3S)gcbJ(1P)  

Best single measurements of: 

Leading-order spin-dependent coefficients for theory 

More than a dozen radiative bottomonium branching fractions 

 
J.P. Lees et al. (BaBar Collaboration), arXiv:1410.3902 (2014) 



November 11, 2014 18 

Thank you for your attention! 
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