
e-Science paradigm for
Flavor Physics 
in the LHC era

Kihyeon Cho

High Energy Physics Team

KISTI (Korea Institute of Science and Technology Information)

August 9-11, 2011
APCTP LHC Physics workshop
Konkuk University, Seoul, Korea

1



Kihyeon Cho

Contents

HEP team @KISTI

e-Science paradigm

Flavor Physics?

Standard Model or not?

Summary

2011-11-24

2



Kihyeon Cho

High Energy Physics Team @ KISTI

3

 High Energy Physics Team (Physicists) 
• Kihyeon Cho – P.I.
• Soo-hyeon Nam - Senior Researcher 
• Junghyun Kim - Senior Researcher 
• YoungJin Kim - Postdoc
• Taegil Bae - Postdoc
• Jihye Moon - Researcher 

 Former members
• Yongseok Oh – Prof. of Physics @ KNU 
• Daejung Kong - Contract Prof. @ KNU 
• Ilsung Cho - Contract Prof. @ KyungHee U. 
• Minho Jeung - Company 
• Hyunwoo Kim - IBM Korea

http://hep.kisti.re.kr/~cho/index.html
http://hep.kisti.re.kr/~cho/index.html
http://hep.kisti.re.kr/~cho/index.html
http://hep.kisti.re.kr/~cho/index.html


Kihyeon Cho

Flavor Experiments @KISTI (2011.8)
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Belle/Belle II CDF LHCb
(Reference)

Year 1998-2010 (Belle)
2014 – (Belle II)

2001- 2009-

Place KEK, Japan Fermilab, USA CERN, Europe

Collabora
tion

13/47/~300(Belle II)
(Nat./Ins./member)

15/63/620 15/54/730

ς 1 nb
(10GeV)

150 μb 
(2TeV)

300~500 μb
(7~14TeV)

Current
Luminosity

1 ab-1 10fb-1 350 pb-1

http://www-acc.kek.jp/kekb/Commissioning/trend/comp-lumi.jpg
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e-
Science

Theory

Comput-
ing

Experi-
ment

To probe the Standard Model and 

search for New Physics 

CDF
Belle/Belle II

cf. LHCb

e-Science paradigm of 
experiment-computing-theory 

K.Cho and H.W.Kim, JKPS (2009)



Kihyeon Cho
6



7

⇒
The Standard 

Model



1. Data production
• CDF Remote Control Room

@KISTI

2. Data processing
• Pacific CAF(CDF Analysis Farm)
⇒ North America CAF @KISTI

3. Data Analysis Collaboration
• EVO servers @KISTI

4. Belle II Data Handling System 
• Working Group Chair (K. Cho)

To study high energy physics anytime 
anywhere even if we are not on-site 
(accelerator laboratory)

Ex) A study of Higgs model 
using cyberinfrastructure @KISTI
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Three approaches

to

New Physics

New particles

and new interactions

Lepton

physics

Energy frontier experiments   

LHC, ILC, …

LHC

ILC

Higgs, SUSY, Dark matter, 

New understanding of space-time…

n exp., m LFV, t LFV,

gm-2, …

Neutrino mixing/masses, 

Lepton number non-

conservation… 

J-PARC

Quark flavor

physics

KEKB upgrade

CP asymmetry, Baryogenesis,

Left-right symmetry, New sources

of flavor mixing…

Super-B Factory,  

K exp., etc.

M. Yamakuchi, Belle II meeting (2008)

http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/kekair03H.jpg
http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/kekair03H.jpg
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Flavor physics in the LHC era

LHC (High PT)

 A unique effort 
toward the high-
energy frontier to 
determine the energy 
scale of NP.

Flavor physics

 A Collective effort 
toward the high-
intensity frontier to 
determine the flavor 
structure of NP
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⇒ Feed-back between experiments (Belle & CDF) and theories inside KISTI

Physics Experiments Theories

Kaon Semi-leptonic Form 
factor

Belle LGT using Staggered 
Fermion

Rare B0 decays Belle Left-Right models

Mixing and CPV on 
Bs → J/ψΦ

CDF Left-Right models

Top Forward-backward 
asymmetry

CDF Model independent 
Analysis

CP violating dimuon
charge asymmetry
due to B mixing

D0 Left-Right models

S.-h Nam. et.al, PLB 691, 238 (2010)

S.-h Nam. et.al, PRD 66, 055008 (2002)
Y.J.Kim, K.Cho et.al. CDF (2011)

J.H.Kim, et. al. Belle (2011) S.-h Nam, Work in progress

S.-h Nam, Work in progress

T. Bae, Work in progress

√

√
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Standard Model or not?

Today’s talk focus on hardon collider

Mixing and CP violation on Bs -> J/ψΦ

Dimuon Asymmetry in D0

FCNC b->s mu mu

Bs -> mu mu

12
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Not so near
future!!

Grossman, Ligeti, Nir (May 2009)
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LHC Era Phase 1: CERN vs. FNAL scenarios
2010-2011

 LHC 2010-2011, 
 currently foreseen schedule:

pp up to 7 TeV cm non stop with
:

L=1 fb-1 (2011)

LHC is starting up again since 2009

 Tevatron 2010-2011

Expecting to run until end 2011 => 12 fb-1

Presently L>3x1032 cm-2s-1 ,

2.5fb-1/year

~10 fb-1 delivered

~9 fb-1 recorded



CP violation on Bs -> J/ψΦ
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DO has issued new results with a complete analysis on 8 fb-1
CDF: nothing since last result almost 2 years old!



Kihyeon Cho Who is in CDF???

See EPS D0 presentation on Bs-J/Psiphi new result
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Kihyeon ChoLHCb will present its new results for the Lepton Photon Conf .in Mumbai
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What is next? 

Does the world is waiting for LHCb result in Mumbai L.P
. conf?

Many voices are advocating that Tevatron should at lea
st say its “final word” on Bs-CPV

D0 did its work (8fb-1 result on Bs->J/Psi Phi analysis + 
update of the Asl dimuons asymmetry)

D0 is waiting for CDF

And also FNAL and the theoreticians (e.g. Nierste’s resu
lt)

CDF will push extremely hard to issue soon a result 

=> CDF is awaiting for the Italian team to issue the resul
ts on the dimuon analysis

=> CDF is awaiting for TTT analysis with KISTI and Pari
s group.

=> The deadline: MUMBAI Lepton Photon Conference
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Ongoing analysis @KISTI

 Working with Paris Group

 Including new trigger (TTT) => adds 25% more data 

 New analysis => cross-check

 Optimized data selection => more data than just from m
ultiplying with the increase in luminosity.

 Untagged analysis in progress with TTT and comparing with 
Dimuons

J/Ψ→μμ from   

TTT sample
Bs→J/Ψφ from

TTT sample

6500 events from dimuon sample now



Kihyeon Cho
23

BB Mixing @ KISTI 

Currently working on Bs mixing

=> Dr. Soo-hyeon Nam work in progress
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Same sign dileptonic asymmetry

Another way to probe B0- B0bar mixing

D0 experiment 

24
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25Gavril Giurgiu, Tevatron B-Physics

- Same sign di-lepton asymmetry very small in SM ~O(10-4) → sensitive NP probe

m-
m-

B0
(s) B0

(s)
BB

…??...

- Initial D0 measurement with 6 fb-1

Abazov,PRD 82, 032001(2010), Abazov, PRL 105, 081801 (2010

was 3.2s away from SM expectation 

- Updated measurement released by D0 at EPS 2011 

- SM prediction  

Lentz, Nierste, JHEP 0760, 072 (2007)

HFAG,  arXiv 1010.1589 [hep-ex] (2010)

Same sign dileptonic asymmetry (D0)
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Using Left-Right model 

To be submitted to“CP violating dimuon charge asymmetry in the LR model”by
S.-h. Nam

Same sign dileptonic asymmetry
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b-> s mu mu

27

signal control
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- Rare decays with BR ~O(10-6) in SM; good probes of NP

- Various channels: 

B0 → K*0mm

B+ → K+mm

B+ → K*+mm

B0 → K0
smm,  

first observed by CDF: 
Bs → Φµµ (PRL106,161801 (2011))  

Lb → Lmm (arXiv:1107.3753)

- Most precise BR measurements  

- BR theoretical calculations of Lb → Lmm

+NP?+
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Bs -> mu+ mu-

31
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What we will see 
beyond our 
horizon

Results opened at 
EPS 2011

34
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- To study high energy physics anytime and anywhere

- Fusion research of experiment-computing–theory

Publication

comment

Collider physics using e-Science 
paradigm of experiment-computing-
theory

B physics

Leading Belle II Data Handling Working Group which 
consists of more than 30 persons from 12 countries

Summary
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There are also a few interesting results 
from the flavor physics experiments 
indicating hints of something unknown…

CP Violation and mixing

Dimuon Asymmetry

FCNC at b->s mu mu and Bs->mu mu modes

Standard Model or not, we do not have 
clear understanding, yet.

Therefore we continue working on heavy 
flavor physics in the LHC era.

36

Summary (continued)
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HEP @ KISTI
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Belle*/Belle II* 
@ KEK, Japan

CDF*@FNAL, USA

e-Science @KISTI

IN2P3@France

FKPPL

* Official 
Collaborations

• FKPPL(Beyond CDF) – Korean group Reader

• Belle II Data Handling Working Group Chair

Beyond CDF

On-site Research
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Why Flavor Physics?

The first flavor of new phenomena often comes 
from flavor physics

Weak decays of light hadrons => existence of charm 
quark

CP violation => 3rd quark family

B0 oscillation => heavy top quark

B mesons are especially suitable for beyond SM 
searches

Large mass of b quark – stronger coupling to new particles

Abundant production

Well developed technique of experimental selection

41
G. Borissov



Kihyeon Cho 42

B Physics: Two golden cases

Bs-CPV

B → 2 leptons

especially:

And still many more…

From A. Buras
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Flavor Creation (annihilation)

q b

q b

bg

g
Flavor Creation (gluon fusion)

b

Flavor Excitationq q

b
g

b
b

Gluon Splitting

g

g g

b

- Mechanisms for b production in pp collisions at 1.96 TeV

- At Tevatron, b production cross section is much larger compared to B-factories 
→ Tevatron experiments CDF and DØ enjoy rich B Physics program

- Plethora of states accessible only at Tevatron: Bs, Bc, Λb, Ξ b, Σb…
→ complement the B factories physics program

- Total inelastic cross section at Tevatron is ~1000 larger than b cross section

→ large backgrounds suppressed by triggers that target specific decays

B physics at Tevatron
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Heavy Flavor Physics by LHCb

LHCb is a heavy flavour precision experiment searching for New 

Physics in CP Violation and Rare Decays.

√s = 7~14 TeV
LHCb: L=2-5 x 1032 cm-2 s-1

sbb = 300~500 mb
sinel / s bb = 160
=> 1 “year” = 2 fb-1 (1012 bbar)

http://www.cern.ch
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Thank you.

cho@kisti.re.kr
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Are we done??? 
Does the world is waiting for LHCb result in Mumbai L.P. conf?
Many voices are advocating that Tevatron should at least say its “final word” on B
s-CPV
D0 did its work (8fb-1 result on Bs->J/Psi Phi analysis + update of the Asl dimuons
asymmetry)
D0 is waiting for CDF
And also FNAL and the theoreticians (see Nierste’s last result)
CDF will push extremely hard to issue soon a result 

=> CDF is awaiting for the Italian team to issue the results on the dimuon analysis
=> CDF would be delighted we finally present a result also,
see discussion of Aurore with Giovanni last Friday.

A may be desperate but in any case last chance task force is being undertaken by C
DF for getting a result on the Bs->Jpsi Phi in order also to update the combination with 
D0. This is mandatory.

The deadline: MUMBAI Lepton Photon Conference
It means:

=>  by August 9 we should present a preliminary result.
=> We have to talk with our Italian colleagues in CDF to collaborate and even

tually
combine results (provided we have results to combine). This before combining with 

D0.

LAST CHANCE to BE PART of the GA
ME!



Worldwide current status on 
Bs→J/Ψφ analysis

Latest from Tevatron and LHC 

July 31st, 2011 

Aurore
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EPS’2011 from Diego’s summary t
alk
see also the presentations in parallel sessions
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At Belle, b → s gamma, leptonic decay provide 
test of SM and BSM constraints.

Belle data sample has not yet been analyzed yet.

Even more interesting results at Belle II with two order of 
magnitude. 

At LHCb, new sensitivity regime at Bs → mu mu
and Bs → J/psi phi with 100 pb-1 and new 
discovery with 1fb-1.

At CDF, still rich production in heavy flavor 
physics

Complimentary to e+e- and LHCb

53

What is coming next?
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Inputs

From EPS 2011

FNAL CDF and D0 W&C presentations of r
esults for Summer Conferences

Nierste’s theory Seminar at FNAL July 29.

Discussion with Giovanni Punzi
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Updated Like-Sign Di-Lepton Asymmetry (D0 9 fb-1)

- Analysis updated with 9 fb-1 from previous 6 fb-1

- Improved muon selection:
- 13% increase in statistics due to looser muon longitudinal momentum 

selection
- 20% reduction in K and π decay in flight backgrounds

- Muon impact parameter studies support hypothesis that muons are indeed from B 
decays

- New result is 3.9s away from the SM expectation:  

- Good agreement between muon impact parameter distributions in data and MC 

- Muons from hadron decays and punch-through shown by green distribution

- With an impact parameter cut at 
120mm obtain consistent asymmetry 
although less discrepant with SM   
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Ξb (CDF 4.2 fb-1)

- b-baryons states previously observed at Tevatron: 
Ξ

-

b(dsb),  Sb (uud, ddb),  Wb(ssb)

- Last missing b-baryon, Ξ 0
b (usb), recently observed by CDF

- Important to keep checking quark model and measure 
masses of states to compare to theory

( E. Jenkins, P.R. D77 (2008) 034012, R. Lewis and R.M. Woloshyn, P.R. D79 (2009) 014502,
D. Ebert et al., P.R. D72 (2005) 034026, M. Karliner et al., Ann. Phys. (NY) 324 (2009) 2,
A. Valcarce et al., Eur. Phys. J. A37 (2008) 217 )

- Decay modes observed for the first time

( Ξ -
b observed before, but not in this decay mode;  use as cross check
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Event Topology

- Long lived Ξ
-

(ct = 4.9 cm)
tracked through the 

silicon detector
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- Largest systematics from mass resolution (1 MeV ) and momentum scale ( 0.5 MeV ) 

- Significance of each peaks > 6.8σ equivalent statistical significance

- Mass difference  

Observation of Ξb (CDF 4.2 fb-1)

- Measured Ξ
-

b mass:                                                                   in good agreement with 
earlier best measurement in                              :  

- First measurement of Ξ 0
b mass :
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B physics @ LHCb

66http://www.cern.ch
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CDF II Detector               DØ  Detector 

- Central tracking: - silicon vertex 
detector - drift chamber 

dpT/pT = 0.0015 pT

→  excellent mass resolution
- Particle identification: dE/dX and TOF
- Good electron and muon ID by 
calorimeters and muon chambers

- Excellent tracking and muon coverage 

- Excellent calorimetry and electron ID

- 2 Tesla solenoid, polarity reversed weekly 
→ good control of charge asymmetry 
systematic effects

- Silicon layer 0 installed in 2006 improves 
track parameter resolution

tracker
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Introduction

- Heavy Flavor Physics probes New Phenomena by either:

- searching for small deviations from SM in high statistics, precision 

measurements (mostly B factories) or  

- hunting for quantities highly suppressed in SM with the hope that small 

NP effects would enhance the observed quantities: 

- BR of rare decays, small CP phases and asymmetries  

- Recent Heavy Flavor Physics results from CDF and D0 with up to 8 fb-1

- Rare decays: 

- Bs → µµ (CDF, D0)

- Bs → sµµ (CDF)

- CPV phase in:  

- in Bs → J/Ψ Φ, BR and lifetime in Bs → J/Ψ f0 (CDF, D0)

- BR, polarization and CPV in Bs → ΦΦ (CDF)

- CP asymmetry:

- in di-lepton asymmetry (D0)

- hadronic B decays (CDF)

- New particles and decay modes

- Ξb (CDF)
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CP Violation in Bs → J/ΨΦ (D0 6.1 fb-1, CDF 5.2 fb-1)

- CP violation in Bs system accessible through interference of decays with and without mixing:

+
?

2

Decay rate ~

New Physics
particles ? 

- CP violation phase bs in SM is predicted to be very small in SM
- New physics particles running in the mixing diagram may enhance bs

- Note: certain SUSY models with large tan(b) predict enhanced BR(Bs→µµ) for large 
CP violating mixing phase in Bs → J/ΨΦ Altmannshofer, Buras, Gori, Paradisi, Straub,Nucl.Phys.B830:17-94,2010

- Multidimensional likelihood function involves Bs decay time and mass, decay angles of 
daughter muons/kaons and flavor tagging 
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- Both CDF and D0 early results showed slight deviations 
from SM (~2s combined CDF+D0)

- Most recent update from D0 with 8 fb-1 shown at EPS 2011 

- Both experiments include S-wave contributions Bs → J/Ψ KK 
but find different results  
- CDF finds s-wave fraction of ~2% (<6.5% @ 95%CL)
- D0 measures s-wave fraction of 15-17% ± 3.5%

CP Violation in Bs → J/ΨΦ (D0 8 fb-1, CDF 5.2 fb-1)

~ 5000 signal events 
~ 6500 signal events 
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- Updated results show better agreement with SM (1s level each)

- New Physics may still be present but require better sensitivity than Tevatron experiments

- Tevatron analyses will be updated with full datasets

bs in [-0.02,0.52] U [1.08,1.55] at 68% CL                       Φs = -0.55+0.38
-0.36 (rad)

bs = 0.28+0.19
-0.18 (rad)

CP Violation in Bs → J/ΨΦ (D0 8 fb-1, CDF 5.2 fb-1)

Φs = -2bs
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Bs Lifetime, Decay Width Difference and Polarizations

- Bs → J/ΨΦ decays provide most precise measurements of Bs lifetime ts and decay width 
difference DGs 

CDF                                                                                  D0
ts = 1.52 ± 0.03 (stat) ± 0.01 (syst) ps                           ts = 1.443+0.038

-0.035 (stat + syst) 
ps    
DGs = 0.075 ± 0.035 (stat) ± 0.01 (syst) ps-1 DGs = 0.163+0.065

-0.064 (stat + syst) 
ps-1

|A||(0)|2 = 0.231 ± 0.014 (stat) ± 0.015 (syst)               |A||(0)|2 = 0.231+0.024
-0.030 (stat + 

syst)
|A0(0)|2 = 0.524 ± 0.013 (stat) ± 0.015 (syst)      |A0(0)|2 = 0.558+0.017

-0.019 (stat 
+ syst)
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Bs → J/Ψf0(980), f0 →ππ

- Final state in Bs → J/Ψf0 is CP odd → a sufficiently large sample would allow determination 
of CPV parameter bs without angular analysis  

- Related mode Bs → J/Ψf0(980), f0 → KK may be useful to solve the bs ambiguity   

- Measure ratio: 

- First experimental limit on Bs → J/Ψf0 from Belle:

- First observation from LHCb:

- Followed by Belle: 
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Bs → J/Ψf0(980), f0 →ππ, BR Results (CDF 3.8 fb-1, D0 8 fb-1)

R f
0
/Φ

CDF:

D0:
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Bs Lifetime in Bs → J/Ψf0(980), f0 →ππ Decays (CDF 3.8 fb-1)

- Using: - theoretical prediction 

- world average B0 lifetime (PDG 2010)

- Determine 

- Odd final state implies and small CPV → measure lifetime heavy mass eigenstate  
arXiv:1107.3753

- Good agreement with theoretical expectations and similar measurements in Bs → J/ΨΦ decays
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Bs → ΦΦ, BR, Polarization (CDF 2.9 fb-1)

- Branching fraction:

- Polarization fractions:
- zero helicity: 

fT = 0.652±0.041 (stat) ± 0.021 (syst) 
- lin. comb. of ±1 helicity: 

fL = 0.348±0.041 (stat) ± 0.021 (syst)

- Inconsistent with SM expectation fT / fL  ~ MV / MB << 1 

- Consistent with “polarization puzzle” in other b → s 
penguin transitions from Belle and Babar, like  

B → ΦK* , rK*…  where fL ≈ fT

- NP and SM explanations could be distinguished using Triple Products TP = q۰(e1 x e2)
A.Datta and D.London, International Journal of Modern Physics A, 19:2505, 2004, A.Datta, M.Duraisamy, D.London , arXiv:1103.2442, 2011

( q = p(Φ1) – p(Φ2) is momentum difference and ei is Φi polarization ) 

- In  B → ΦK*  TP measurements favor SM explanations. What about Bs → ΦΦ ?
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Bs → ΦΦ, Search for CPV (CDF 2.9 fb-1)
- TP asymmetry ATP are expected to be very small in SM

- In Bs → ΦΦ: TP asymmetries are related to asymmetries on final decay product angular 
quantities (e.g.  ATP1 ~ A( cosφsinφ )

ATP1 = -0.007 ± 0.064 (stat) ± 0.018 (syst)      
ATP2 = -0.120 ± 0.064 (stat) ± 0.016 (syst) arXiv:1107.4999

- First TP constraints in Bs →ΦΦ decays
- ATP2 ~1.8s from zero; more data would help 

distinguish between SM and NP 
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CP Violation in B → DK Decays

- Measurements of BR and CP asymmetries in B
-

→ D0K
-

would determine CMK angle g using 
“ADS” method D. Atwood, I. Dunietz, A. Soni, Phys. Rev. Lett. 78, 3257, (1997),  D. Atwood, I. Dunietz, A. Soni, Phys. Rev. D 63, 036005, (2001

Note: CDF provided results for GLW method in 1/fb,  PRD81, 031105(2010)

- Interference of two decay amplitudes of comparable sizes is sensitive to angle g

b

u

c

u

d

u

s

u

s

Vcb

Vus Vus

u

B-
D0

K-

p-

K+

Vcd

B- → D0 (→ K+ p-) K-

b

u

Vub

Vcs

u
s

u
c

u
s

Vcs

Vud

u

s

B- → D0 (→ K+ p-) K-

B-

D0

K-

K+

p-

B- → D0K-

color allowed
VcbV

*
us ~ l3

D0 → K+p-

doubly Cabibbo suppressed
VcdV

*
us ~ l2

B- → D0K-

color suppressed

VcbV
*
us ~ l3 eig

D0 → K+p-

Cabibbo favored
VcdV

*
us ~ 1
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CP Violation in B → DK Decays (CDF 5 fb-1)

- Observables:

are related to angle g through:

where
and similar for  

use kinematics and 
PID to determine 
sample composition
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CP Violation in B → DK Decays (CDF 5 fb-1)

- First evidence of B- → D0
suppressed ( → K+π- ) K- at 3.2s level

- - CDF measurements compatible and 
- competitive with B factories 
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Two Body Charmless B Decays ( B → hh )

-Important to improve knowledge of strong interactions dynamics

- Significant contribution from higher-order (penguin) transitions provides sensitivity to 
NP

- Sensitive to CKM angle g

- Channels previously investigated at CDF:

B0
s → K+K-, PRL 97, 211802 (2006)

B0
s → K-p+, L0

b → pp-, L0
b → pK+, PRL 103, 031801 (2009)

ACP(B
0
s → K-p+), ACP(L

0
b → pp-), ACP(L0

b → pK+)
PRL 106, 181802 (2011) 

- Most recent results from CDF:

First evidence for B0
s → p+p- and 

bounds on B0 → K+K-
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First Evidence of B0
s→π+π

-
Decays (CDF 6.1 fb-1)

- Events selected by trigger requiring two oppositely charged tracks displaced w.r.t. PV

- Both tracks are assigned pion mass 

- Both kinematic and PID info used to separate decay modes

- π+π
-

invariant mass distribution dominated by 
B0 → Kπ, B0 →ππ

- Observe Bs → ππ mode with 3.7σ significance 

- No firm evidence for the B0→K+K- is found but  
measured rate excludes zero at the 90% C.L.

CDF Note 10498
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- D0 and CDF continuing to produce a rich and exciting program in heavy flavor 
physics

- interesting effects in same-sign di-lepton asymmetry and Bs →µµ
- best measurements of mixing Bs phase bs/Φs

- Exciting competition with LHCb and complementary to e+e- machines

- Many interesting results will benefit from more data.
- anticipate ∼10/fb for analysis by the end of this year.

- Results will continue beyond the end of the Run

- Topics not covered:

- Measurement of the production fraction times branching fraction f(b → Lb)*BR(Lb → J/Ψ
L) 

(D0, arXiv:1105.0690)
- Measurement of the time-integrated mixing probability of B mesons (CDF note 10335)
- Measurement of time-integrated CP violation in D0→h+h- decays (CDF note 10296)
- Observation of Y(4140) in the J/ΨΦ Mass Spectrum in B+ → J/ψ Φ K+ (CDF note 10244)
- Measurement of the resonance properties of Σb

(*) baryons (CDF note 10286)
- Measurement of the resonance properties of charm baryons (CDF note ???)
- Observation of the Bs→J/ψKs and Bs→J/ψK* decays (CDF, Phys. Rev. D83, 052012 
(2011))

Conclusions
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Bs (B0) → µµ ( CDF 7 fb-1, D0 6.1 fb-1 )
see talk by Kevin Pitts, Updated Search for B → mm Decays at CDF

- In SM both Cabibbo and helicity suppressed; rate predicted with ~10% accuracy:

- BR ( Bs → μ+μ− ) = ( 3.2 ± 0.2 ) × 10-9 Buras et al., JHEP 1010:009,2010

- BR ( B0 → μ+μ− ) = ( 1.0 ± 0.1 ) × 10-10

- Various New Physics models predict enhanced BR:
MSSM, mSUGRA, RPV-SUSY, FV, RS, SM4

e.g. Choudhury, Gaur, PRB 451, 86 (1999); Babu, Kolda, PRL 84, 228 (2000),
Dedes, Dreiner, Nierste, PRL87:251804 (2001)
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- D0 results with 6.1 fb-1

BR(Bs → μμ) < 5.1 x 10-8

PLB 693 539 (2010)

- New CDF limits (7 fb-1): 

BR(B0 → μμ ) < 6.0 x 10-9

- expected 4.6 x 10-8

- predicted ( 1.0 ± 0.1 ) × 10-10

BR(Bs → mm) < 4.6 x 10-8  

- expected 1.5 x 10-8

- predicted = ( 3.2 ± 0.2 ) × 10-9

Buras et al., JHEP 1010:009,2010

- Bs limit 2.8 sigma discrepant, 
p-value = 0.27%, with background 

only hypothesis
- p-value = 2.1% in SM hypothesis 

- First two sided limit: 4.6 x 10-9 < BR(Bs → μμ ) < 3.9 x10-8 at 90% CL 
- Central value: BR(Bs → μμ ) = 1.8+1.1

-0.8 x 10-8 , 5.6 times larges than SM expectation !

Bs (B0) → µ µ ( CDF 7 fb-1, D0 6.1 fb-1 )
see talk by Kevin Pitts, Updated Search for B → mm Decays at CDF
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b → sµµ signals (CDF 6.8 fb-1)
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b → sµµ differential BR  (CDF 6.8 fb-1)

- BR as function of mm squared invariant mass (q2) in good agreement with theory



Review of Heavy Fl
avor Physics at the 

Tevatron
Gavril Giurgiu, Johns Hopkins University

for the CDF and DØ  collaborations

DPF-APS Meeting, August 12, 2011

Brown University, Providence, Rhode Island
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Bs -> J/psi f0(980)

f0(980) ->π+π-

http://www.cern.ch
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A. Golutvin
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Belle Content Belle II

1998~2010 Time Schedule 2014~

1 ab-1 Luminosity 50 ab-1

1 Billion BBbar events 50 Billion

CP measurement Goal New Physics

Belle

Belle II

97

Belle vs. Belle II

To handle 50 times more data and grid farms

=> New Data Handling System

=> Prof. Byeonggu Cheon’s talk
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Penguin diagram

b

d

B0

s
d

time

f

KS

t s

s

M. Yamakuchi
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If a new particle X exists…

b

d

B0

s
d

f

KS

X s

s

This measurement is sensitive to 

new physics such as SUSY. M. Yamakuchi
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More penguin modes @ KISTI

B → Φπ

Pure EW penguin mode

SM Br ~O(10-8)

Babar with 232M BB:
UL(Φπ+) < 2.4*10-7 @90%CL

UL(Φπ0) < 2.8*10-7 @90%CL

Draft is almost ready.

B+ → ρ0K*+

Penguin dominant status

Work on progress

100Junghyun Kim, K. Cho, Nakao, …

mailto:2.4*10^-7@90%CL
mailto:2.4*10^-7@90%CL
mailto:2.4*10^-7@90%CL
mailto:2.4*10^-7@90%CL
mailto:2.8*10^-7@90%CL
mailto:2.8*10^-7@90%CL
mailto:2.8*10^-7@90%CL
mailto:2.8*10^-7@90%CL
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Time-Integrated Mixing Probability of B Mesons



Kihyeon Cho K. Tollefson

FB Asymmetry at Tevatron

tt

tt
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We used dimension-6  four 
quark operators with all the 
possible Dirac and color structures.

We considered the s-, t- and 
u- channel exchanges of spin-0 
and spin-1 particles whose color 
quantum number is either singlet, 
octet, triplet or sextet.

Our results encode the 
necessary conditions for the 
underlying new physics in a 
compact and an effective way 
when those new particles are too 
heavy to be produced at the 
Tevatron.

FB asymmetry at Tevatron

Model independent analysis 

S.-h Nam. et.al, PLB 691, 238 (2010)

The region in (C1,C2) plane that is 
consistent with the Tevatron data at the 
one sigma level. 

tt
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Physics topics at KISTI
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Experiment Theory

Top Forward-backward 
Asymmetry

CDF Model
independent 
Analysis

Mixing and CPV on 
Bs->J/psi phi

CDF Right-handed
model

Penguin diagram Belle Right-handed
model
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Data Handling Scenario
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• To improve the scalability and performance
• We apply AMGA which is middleware for g-Lite

=> Dr. JungHyun Kim’s talk
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Newspaper (2010.04.07)
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2.4 주요 사업 내용
 차세대 가속기 일본 KEK 실험데이터(50 PB, 2014) 활용 프레임워크 구축 중

 Belle II Data Handling 시스템 개발 (워킹 그룹장)

 매월 첫째, 셋째 목요일 오후 5시 (KEK 시각)

 To improve scalability and performance

 세부과제갂 공동연구로 추진(e-HEP, 그리드 기술개발, GSDC)


