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SUSY  

New Physics enters at same order (1-loop) as Standard Model 

Sensitive to many models   – very extensive literature 
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What you can calculate 
reliably 

What you actually observe 

B0/+ 

γ	



γ	



K*(892),K*(1430),.. 
ρ, η ...	



Sensitivity to New Physics limited by hadronic uncertainties. 

Reduce by: 

1.)  Measuring inclusive  production  Xs,d     (Quark-Hadron duality ) 

2.)  Asymmetries or ratios of exclusive states where uncertainties may cancel 

Also exclusive measurements alone can test hadronic (QCD) calculations  
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High energy  
photon in EMC 

Muon from  
other B decay 

Detached vertex 
from Ks → ππ  

π+ from K*+ 

B+→ K*+γ (K*+->Ksπ+) candidate 

Note Event tends 
to be isotropic 
in center of mass 
frame 



July30th, 2008 Colin Jessop at ICHEP08 

Continuum Production of u,d,s,c quark  
and τ pairs underneath Υ(4S) 

Jet-like topology in contrast  
to isotropic BB events. 

Neural Network Output
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Continuum Monte Carlo

Off-Resonance Data

 Monte Carlo+π- D→
0

B

Data
+π- D→

0
B

Use multivariate event topology 
discriminants which are validated 
in data control samples 
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Energy  Substituted Mass Reconstructed Energy –  
beam Energy 

Sensitivity enhanced by performing multi-dimensional likelihood fits. 
to signal and background. Mes and ΔE projections are shown 

 (GeV)ESM5.225.235.245.255.265.275.285.29Events / ( 0.0014 GeV )020406080100120140160180200 (GeV)ESM5.225.235.245.255.265.275.285.29Events / ( 0.0014 GeV )020406080100120140160180200SignalBBarContinuumTotalDataBABARpreliminary

 E (GeV)-0.3-0.2-0.100.10.20.3Events / ( 0.012 GeV )050100150200250300 E (GeV)-0.3-0.2-0.100.10.20.3Events / ( 0.012 GeV )050100150200250300BABARpreliminary

347fb-1 

MES  (GeV) ΔE (GeV) 
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   Updated B → K*(892)γ  Results  

                               By Mode 
Mode                   B(x10-5)                         Acp 
                           ± stat ±sys               ± stat ±sys 

K+π--                      4.55 ± 0.11 ± 0.16       -0.023 ± 0.022 ± 0.011 
Ksπ0                 5.01 ± 0.40 ± 0.37                  N/A 
K+π0                         5.05 ± 0.22 ± 0.27       0.033 ± 0.039 ± 0.011 
Ksπ-+                     4.56 ± 0.20 ± 0.17      -0.006 ± 0.041 ± 0.011 

                             Combined 
B0 → K*0γ          4.58 ± 0.10 ± 0.16   	



                                                               -0.009 ±0.017 ±0.011	


B+ → K*+γ          4.73 ± 0.15 ± 0.17 	



                            Isospin Asymmetry 

                  ± stat ±sys ± (B+/B0 prod. sys.) 
Δ0+                          0.029 ±0.019 ±0.016 ±0.018 	



347fb-1 

Theory 

< 0.01 in SM   

Results Consistent with SM expectations and previous measurements 

Δ0+ = +0.026 ± 0.008  in SM 
Matsumori, Sanda, Keum 
 PRD 72, 014013 (2005) 

(Greub,Simma,Wyler 
 Nuc Phys B 434 39 1995) 

preliminary 
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I-spin (ρ), quark model (ω). Expect small I-spin violation:(1.1+/-3.9)%. 

+ W annihilation diagram (small) 

Measurement  of B → ρ/ωγ and  Extraction  of |Vtd/Vts| 

(annihilation  
contribution) Form Factors S=1 for ρ+ 1/2 for ρ0 or ω	
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        Updated B → ρ/ωγ  Results  

B+ → ρ+γ 	



B0 → ρ0γ  

B0 → ω0γ 	



Significance     B(x10-6) ± stat ± sys 

or 

423fb-1 

Results Consistent with SM  
and previous measurements 

preliminary 

MES                                                  
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Using averaged ρ+,ρ0  results and	



Theory: Expect   Δρ =-0.05 ±0.03   for  CKM γ = 600   (Ball,Jones Zwicky PRD 75 054004 2007)    

(Ali and Parkhomento hep-ph/0610149 2006) 

(Ball,Jones, Zwicky PRD 75 054004 2007) 
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γ	



K*,Kη	



Signal B/B 

Tag B/B 

Δt 

C = Direct CP violation   < 0.01 in SM for b → sγ	



In SM 

(Greub,Simma,Wyler Nuc Phys B 434 39 1995) 
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fsγ	


In SM photon is left handed in 

right 

So no common fsγ  so S ~ 0 	



In SM 

BUT in extensions to the standard model with a different helicity structure such 
as Left Right Symmetric model or SUSY  S can be large while still being 
consistent with  Γ(b → sγ) measurements (Atwood,Soni,Gronau PRL 79,185 1997) 
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]2 [GeV/cESm5.25.225.245.265.285.32Events per 5 MeV/c050100]2 [GeV/cESm5.25.225.245.265.285.32Events per 5 MeV/c050100

423fb-1 

 t (ps)-6-4-20246nts per 2 ps020 t (ps)-6-4-20246nts per 2 ps020 Tags0B t (ps)-6-4-20246Weighted Eve020 t (ps)-6-4-20246Weighted Eve020 Tags0Bt [ps]-6-4-20246Asymmetry-101t [ps]-6-4-20246Asymmetry-101

 t (ps)-6-4-20246nts per 2 ps02040 t (ps)-6-4-20246nts per 2 ps02040 Tags0B t (ps)-6-4-20246Weighted Eve02040 t (ps)-6-4-20246Weighted Eve02040 Tags0Bt [ps]-6-4-20246Asymmetry-101t [ps]-6-4-20246Asymmetry-101

]2 [GeV/cESm5.25.225.245.265.285.32Events per 5 MeV/c0204060]2 [GeV/cESm5.25.225.245.265.285.32Events per 5 MeV/c0204060

K* Region Nevent=339 ±24 

Nevent=133 ±20 

Updated Measurements  consistent with previous measurements and no CPV 

preliminary 

Δt (ps) 

Δt (ps) 

MES  (GeV) 

MES  (GeV) 

arXiv:0807.3103 
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5.255.265.275.285.292Events / 4 MeV/c0501001502005.255.265.275.285.292Events / 4 MeV/c050100150200-0.2-0.100.10.2Events / 40 MeV 050100150-0.2-0.100.10.2Events / 40 MeV 050100150) 2 (GeV/cESm5.255.265.275.285.29020406080) 2 (GeV/cESm5.255.265.275.285.29020406080E (GeV)-0.2-0.100.10.2010203040E (GeV)-0.2-0.100.10.2010203040(a)(b)(c)(d)

t (ps)-505Asymmetry-101(c)t (ps)-505Asymmetry-101-5050204060(b)-5050204060-5050204060(a)-5050204060Events / 2 ps

No CPV – First Measurement 

423fb-1 

preliminary 

Δt (ps) 

MES  (GeV) 

arXiv:0807.1317 
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5.255.265.275.285.292Events / 4 MeV/c0501001502005.255.265.275.285.292Events / 4 MeV/c050100150200-0.2-0.100.10.2Events / 40 MeV 050100150-0.2-0.100.10.2Events / 40 MeV 050100150) 2 (GeV/cESm5.255.265.275.285.29020406080) 2 (GeV/cESm5.255.265.275.285.29020406080E (GeV)-0.2-0.100.10.2010203040E (GeV)-0.2-0.100.10.2010203040(a)(b)(c)(d)

Mes ΔE (GeV) 

423fb-1 

Update measurements consistent with previous measurements and no CPV 

preliminary 

MES  (GeV) 

arXiv:0807.3103 
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γ	



b 

γ	



b 

Xs 

B 
 Γ(b -> sγ) = Γ(B -> Xsγ) +Δnon-pert 

        (Δnon-pert   a few percent) 

Quarks Hadrons 

A fully inclusive measurement can  
be related directly to a reliable 
parton  calculation 

 SM Theoretical Predictions: 
Γ(b -> sγ) :  Misiak etal PRL 98 022002 2007  Acp(b -> sγ) Kagan and Neubert PRD 98 094012 
1998 
Γ(b -> dγ), Acp(b -> dγ)  Ali,Asatrian & Greub PLB 429,87,1998 

 Experimentally difficult to achieve fully inclusive measurements due to backgrounds 

Quark-Hadron Duality 
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Exclusively Reconstruct 16 final  
states of Xs :  

Covers ~55% of  possible Xs states 

Self-tagging  

γ	



Xs 

B 

Reconstructed Final States 

In SM   Acp < 1% due to CKM & GIM suppression but models with non-minimal  
Flavor violation (e.g SUSY) may have of order 10%-15% asymmetry 
(Kagan and Neubert PRD 98 094012) 
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)2 (GeV/cESm5.225.245.265.28 )2Events / ( 0.003 GeV/c050010001500(b)

)2 (GeV/cESm5.225.245.265.28 )2Events / ( 0.003 GeV/c050010001500(a)

Detector asymmetry  Adet=-.007 ±0.005 

423fb-1 

preliminary 

MES  (GeV) MES  (GeV) 

arXiv:0805.4796 
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γ	



Xs 

B 

Signal B 

B D,D* 

(K’s and π’s) 

Fully reconstructed tag B 

Fully reconstruct the tag B in order to suppress continuum background, tag 
charge and flavor, and identify B rest frame. 

Fully inclusive Xs but low efficiency (5% of B’s reco’d) and large BB background 
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Eγ spectrum 

Results consistent with previous measurements and SM prediction 
(Technique will be more competitive at Super B factories) 

210fb-1 PRD 77:051103 2008 
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Reconstruct 7 final states of Xd (~50%) and corresponding states in Xs  (~30%) with π →K 

B → Xdγ                             B → Xsγ 	



B0 → π+π-γ                        B0 → Κ+π-γ	


B+ → π+π0γ                        B+ → Κ+π0γ	


B+ → π+π-π+γ                     B+ → Κ+π-π+γ	


B0 → π0π-π+γ                     B0 → Κ0π-π+γ	


B0 → π+π-π+ π-γ                B0 → Κ+π-π+ π-γ	


B+ → π+π-π+ π0γ                B+ → Κ+π-π+ π0γ	


B+ → π+ηγ                         B+ → Κ+ηγ                	



B → Xdγ	

 Two mass regions  studied 

0.6 < MXd/s < 1.0 GeV  (B→ ρ/ωγ  region)	



1.0 < MXd/s < 1.8 GeV 

Many systematics cancel in the ratio but uncertainty in fraction of modes 
not measured is the dominant error.   
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347fb-1 

0.6 < MXd/s < 1.0 GeV   1.0 < MXd/s < 1.8 GeV 

B → Xsγ	

 B → Xsγ	



B → Xdγ	

 B → Xdγ	



Consistency with previous B → ρ/ωγ  ,	


B → Xsγ  measurements as control check 

preliminary 

arXiv:0807.4975 



July30th, 2008 Colin Jessop at ICHEP08 

347fb-1 

preliminary 

(Using theory: Ali,Asatrian & Greub  
PLB 429,87,1998)* 
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All measurements consistent with SM and previous results ! 
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o  BaBar finally collected 423 fb-1 at 
Υ(4S) resonance (10.58 GeV) and 

     41 fb-1  just below the Υ(4S)  

o   hadronic cross sections: 
      udsc:bb =  3.4:1.1 nb 

o  In the Υ(4S) frame the B mesons 
are practically at rest 

o  The asymmetry boosts the Υ(4S) 
to facilitate time-dependent CP 
violation measurements 

PEP-II is an asymmetric collider 
9.0 GeV electrons  vs  
3.1 GeV positrons 
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9 GeV 
electrons 

3.1 GeV 
positrons 

Electromagnetic Calorimeter 
6580 CsI crystals 

e+ ID, K ID π0 and γ reco 

Cherenkov Detector (DIRC) 
144 quartz bars 

K, π, p separation 

1.5 T magnet 
Silicon Vertex Tracker  
5 layers of double-sided 

silicon strips 

Instrumented Flux Return 
19 layers of RPCs  

µ and KL ID 

Drift Chamber 
40 layers,  

tracking + dE/dx 
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o  Hadronic and experimental uncertainties partially cancel in ratios ( theory 
uncertainties large for branching fractions ) 

o  Both measurements are sensitive to new physics 

o  Decay dominated by  
   one operator 
    SM: ACP < 1% 

SM: Δ0+ = +(2.6 ± 0.8)x 10-2	



o   Isospin breaking diagrams 

Matsumori, Sanda, Keum 
 PRD 72, 014013 (2005) 
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K*γ Run5 
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A Colony of Penguins  

dd (Vtd) 

sd 

ρ,ω	



K*(892) 
K1(1270) 
K2(1430) 
… 

(Vts) 
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e+ 

νe 

W+ 

g u 

d 

W+ 

g Vud 
leptons quarks 

1 

1 

1 

λ 

λ2 λ 

λ3 

λ3 λ2 

Standard model explanation of CP violation is a single phase 
in the CKM matrix V.  
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Photon spectrum 
in B->Xsγ helps 
reduce error on Vub 

Overconstraining the triangle may reveal new sources of CP 
violation.  

Photon spectrum 
in B->Xsγ helps 
reduce error on Vbc 
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Extracting |Vtd /Vts| from bd γ Decays 
Belle, PRL 96, 221601 (2006). 

BABAR, hep-ex/0607099 
(preliminary) 

CDF, hep-ex/0606027 
(preliminary) 

Consistent within errors. 

courtesy M. Bona (UTfit collab.) 

Theoretical uncertainties limiting both approaches. 
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s 

γ	



b 

γ	



b 

Xs 

B 
Confinement 

To be fully inclusive must measure all the photon spectrum 
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Error in Xd/Xs Ratio 

K/π misid                               2.0 % 
Fit PDF’s                               8.7 % 
Backgrounds                         5.4% 
Fit Bias                                  3.0% 
Fragmentation                       8.5% 
Missing >5 body                   21.0% 
Other Missing States              5.0% 

Total                                      26.1% 

Missing states corrected for using JETSET. Vary fractions of missing states 
by 50% from phase space fragmentation – but get cancellation in ratio 


