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Outline

o Heavy Flavor Physics @ Tevatron

o Rare decays
o CKM/CP violation
o Spectroscopy

o SRORE
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Why Heavy Flavor?

o HF approaches the structure of
matter and its interactions

o Can access energy scales
beyond the energy frontier machines

Many results are

on ZXHEA'S
border line (~20)

o There are a lot of puzzles
(or hints to new physics) :

o Same sigh dimuon charge asymmetry
o CPV in B mixing, CPV (tree) # CPV (penguin) ---
o Agg in B2KOpy, large BR (B>tv) -+
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_ B production@Tevatron
© Pros

>m<5 o Large cross-section ("3-5 ubarn)
g . o All species of b—hadrons

® Cons

o QCD background x103 larger than o (bb)

o Collision rate "2MHz_
- tape writing limit ~100Hz

o Sophisticated triggers are very important!

b
DO b
I a
9 Tevatron B-production enables :
g b - explore various rare decays
b - measure precise CPV parameters
- study wide mass range of b hadrons
g
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Tevatron

m pp collisions at v $s=1.96 TeV
m Typical initial luminosities of 3.5x1032cm2s-1
m >50 pb~1 collected per week (2.5fb~1 per year)

m >8.7fb ! data on tape
m Expect >10fb-1 until end of FY2011 (Sept.30)

m Today we cover 2.9-6.1fb-1 of data

Luminosity (pb'1)
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Tevatron Experiments

CDF Il Detector DO Detector

[lSiIicon vertex detector ]

mCentral tracking
mCalorimeter & muon systems

mParticle ID (TOF and dE/dx) mExcellent tracking acceptance

mSilicon vertex trigger [lExceIIent electron & muon ID ]
mExcellent mass resolution
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Tevatron Runll results
for HF physics

" 058 published papers
o 11 Topcite 50+
o 7 Topcite 100+

0 3 Toncite 250+

b cross section

B, mixing ]

48 published papers X(3872) ),
o 10 Topcite 50+

o 4 Topcite 100+

\ 0 2 Topcite 250+
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Active HF programs (NOT ALL!)

BSM

AFB (B—)K U )
Bouyuy
Doup
Ay, Sin2B, XYZ mesons
B;—D,D, D mixing

B,oubDX B-hh 5 o

B,—J/yf, B-production

B,—~>J/ K, Lifetimes o yons

B,—>J/yK* b-baryons
Y & Y production

Many C alyses!
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Active HF programs (NOT ALL!)

BSM

Bouyupy

XYZ mesons

D—hh

¢-baryons
b-baryons

Focus of frest results
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Rare Decays

oB,2pp
oB.2> e
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Bs,dem-‘I

o Highly suppressed in the SM o ‘ | K
) S m

2 0 9
B(BY - ptp™) =(3.6+0.3) x 10~
B(BY - pTp™)=(1.1+£0.1) x 10710

\ A. J. Buras, arXiv:0904.4917v1 Bj:\/}v‘%\<u
o Enhanced in NP (up to 100x) S W u
o Tree level: |

a R parity violation in SUSY b

5 M
o Loop level: > HO/A0
o MFV SM extensions such as 2HDM
a MSSM S v

o BR(B>pp) (tanp)®

(7 Previous world’ s best upper limit: R
vBR (B> pp) <4.7 (5.8) x10-8 ~1 6 X SM
vBR (B;~>Hp) <1.5(1.8) x10-890(95) % C.L.

\ PRL 100, 101802 (2008) y

3/10/2011 BHHMES REFVELOLR2011 QHMBAS 12



B, s2HU: result

o Utilize neural network to optimize event selection

vBR (B> pp) <3.6 (4.3) x10-8 @3.7fb"1
vBR (B4~>HH) <6.0 (7.6) x10-8 90 (95) % C.L. CDF public note 9892

| vBR(B,>pp) <5.1x10-8 95%CL. ] 530 (2010)
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B, uy: prospects

mSUGRA, D. Toback,
arXiv:0911.0880v1 (2009)

CDF BR(B.—u*1’) Projection

7

<10°F Expected

% [ Freluded: CDF PR 100, 101802 (2009) | Performance BR<IX107

Lol 08fb-

d Jecteq 959, Assumed

o0 CDF Prel. 3.7/fb ! ° anomalous
® Expected Limit : 3.3 X 10° muon g-2
— Observed Limit: 4.3 X 10*
-- SES :3.2x10°

-8
10°} oncxigy| "
[ $ES<SM pqedqc;iqn}||

2 10 ,
Integrated Luminosity (fb )

.

o 8fb-1 expectation (w/o0 no improvement) )

Strong constraint on NP parameters :

Could rule-out mSUGRA with Tevatron
. . 1

o CDF Expected limit: 2x10-8@8fb-1 (6XSM) combination at 10fb

o Combined with D@->5xSM

&% <CDF update@6.9fb-1
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B.=2>¢®: gluonic penguin

_ CDFnote 10064
o Dominated by b->sss (same as B> @K®)

o BR is sensitive to NP due to the loop diagram
o Previous result: (1.4108_,,%0.6) x10-3 by 8 signal@180pb-1

~x37 signal!

Control channel: J/W¢

| BR(BY— ¢¢) = [2.40 + 0.21(stat) + 0.27(syst) = 0.82(BR)] - 10~° |

Significant improvement from previous results
3/10/2011 EFHMEL RAFYEEOLR2011 QRIPASE 15




B.=2>¢®: polarization

o B->VV Polarization puzzle,
of Natve QCD expectation: lfL> >f ]

o Confirmed b>utree (e.g.B®>p*p-)
o Evidence b->d penguin (e.9. B> p°p?)

(
o while b>s penguin: lfLNfT
o f, (BO> ¢ K*°) =0.48+0.03 (HFAG ave.)
o f, (B*> ¢ K**) =0.50%0.05 (HFAG ave.)

(" Sign of NP? h

or within SM framework? |

Information from penguin dominated itp /i s ac stanford. edu/xore/fag
. B,~>VV is quite interesting P
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B.2>¢y: polarization fit

o 3 angular distributions (cos 9, cos0,, ¢)

o Unbinned maximum likelihood fit

o Time-integrated, B, flavor untagged, no CPV assumption
o 3 transversity amplitudes and 1 phase difference

(|Ao|2 = 0.348 £ 0.041(stat) £ 0.021(syst)7
| A2 = 0.287 + 0.043(stat) & 0.011(syst),
|A1 |? = 0.365 4 0.044(stat) + 0.027(syst),
\Ccosd = —0.9170 15 (stat) + 0.09(syst).

First polarization measurement of the decay!
3/10/2011 BHIfiRS FRTFYEZOER2011 QRBPASE
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B.2>¢y: discussion

(| Ao|? = 0.348 + 0.041(stat) =+ 0.021 (syst )
Ay[? = 0.287 £ 0.043(stat) = 0.011(syst),
AL [ = 0.365 -+ 0.044(stat) + 0.027(syst),

\C0s 0 = —0.9175 15 (stat) & 0.09(syst). Y

[

fr. = 0.348 £ 0.041(stat) £ 0.021(syst),
fr = 0.652 + 0.041(stat) + 0.021(syst).

fL<<f 1]

QCD factorization

This first measurement in the B, sector seems to strengthen the puzzle!
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CKM/CPV

oB, measurement
DA

noB.2>J/YK /K™
nB. 2> J/yf,

oy measurement
oD->hh CPV

3/10/2011 BfffRE RAFMEFOER2011 QRBPKE
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CP violation in B.2>J/y®

Interference of neutral B (d,s) decays with and without mixing:
->CPV

d’ ‘Yu d Ivu s I’Tu.b d
. * e S’ — ‘;( I,(Q -‘?(’ S
Tools to measure CPV induced by mixing: Y o V. X b

Vib
Mass difference: AM -
Width difference: A I -

[ CPV phase between B, mixing
and B,>J/y decay:

) — arg(@/ﬁ,/%s *) ~ 0.02
\ A. Lenz and U. Nierste, JHEP 06, 072(2007)
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B.2>J/yp signal

o The golden channel to measure B,

o dominated by b=>ccs tree “theoretically clean

o B>VV decay: three partial waves

o L=0,2 (CP even) .
a L=1 (cPods  Need angular analysis

CDF Run Il preliminary L=5.21b"
b 900F
> E
© B0OE
= 700
4N}
= 600
@
Q 500
[%)]
% 400

PR T S te,

o 300: GAMBLEY MAFTTY F Hep *‘v‘w‘w,‘»“w‘i*
[ =
5 200f
O 100f

I RAAANEARRN AR ERRA N R

T R+ R T
Mass(JAy ¢) [GeV/c?]

N(B.°) ~ 6500 N(B.°) ~ 3400

Ar = 0.075+0.035 (stat)*=0.01 (syst) ps
3/10/2011 BHHES FHFVELOER2011 QHPAE 21

B.=0, no flavor tag :
ct(B.%) = 458.6+7.6 (stat)*=3.6 (syst) um




S-wave contamination

o Potential contamination of B,>J/we signal by B.=>J/@KK
(KK non-resonant) and B, J/yf, are S-wave states

o Contamination could bias SM value of B,

The fitted fraction of KK S—-wave contamination in the signals is
<6.7% at the 95% CL

3/10/2011 BHHMES REFVELOLR2011 QHMBAS 22



B. new results

CDF note 10206 (5.2fb™") DO .note. 6098 (6.1fb™")
o Significant improvements from last publication
o S-wave consideration, PID, multi variate analysis---

CDF Run Il Preliminary L=52f"
06 —— 9%CL '

i —— 68% CL

04l —+— SM prediction

0.4} D =-2f,

Dimuon charge asym.

Both experiments see SM consistency at 1o
3/10/2011 EFHAERS FRFVELEOER2011 @RMPAS 23



Dimuon charge asymmetry

o Search for CPV in B mixing from  , _ N, - N,
sl

same sign semileptonic B decays: N,"+N,”
N N E%N'X
b ™ | b>bo>puX
Major issues:

1. Asymmetric backgrounds from kaon faking muon
2. Asymmetric g+ and g~ acceptance/efficiecny

DO can swap polarity!

3/10/2011 EFHEE FRTYELOER2011 @RPAS 24



Fake muon backgrounds

0 6(K*N)<o(K"N)
o More K* make fake p

o Kaon' s properties are
investigated by:

- Fake u

o Compute asymmetry from
observed +/- yields

3/10/2011 BfffRE RAFMEFOER2011 QRBPKE
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Uy charge asymmetry result

oDO 6.1fb~1 analysis vields:
A" =(-0.957 £ 0.251 (stat) + 0.146 (syst) )%

o SM prediction:
p

Differs from SM by "3.2 0

CDF 1.6fb~1 CDF update is ongoing

A;=0. 0080+0. 0090 (stat) 0. 0068 (syst)
3/10/2011 BHAERE RAFVEEDER2011 QRMAE
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B.>J/yK (K™)
n Cabibbo suppressed b->ccd

B.2>J/yK™©(892)
* Analogous to B;2>J/ye

BR(B,—J/@K™) =
[8.3%x1.2(stat)*£3.3(syst)*x1.0(frag)£0.4(PDG)] X 107

1st observation!
B.>J/yK,

* CP eigenstate, 100% B, heavy
15t observation! \
[B R(B.—JIwKO) =

[3.530.61(stat)#0.35(syst) 0.43(frag)£0.13(PDG)] X 10°% |
3/10/2011 EHMRS RAFUELOER2011 ORIMA
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B.->J/yf,(980)

o S-wave contribution to
B.2>J/yp (2K*K)

o Sin2B8. measurement
w/0 angular analysis

o Reconstruct with fy>mm

o LHCb and Belle also claim the
observation

Ngigna=2 71+ 37(stat) £25(syst)
b

LGl Nygna=169731 5, (arXiv:1102.0206)
T Niigna=63"16., (arXivi1102.2759)

BELLE

Rf0,¢:[B R(B.—J/yf,(980))BR(f,(980)— 1 m)]/
[BR(B,—J/we)BR(p—K*K)]=

0.200=0.020(sta£0.017(sys) [Nl0St precise!
Dipion mass

3/10/2011 BHHMES REFVELOLR2011 QHBAS 28



CKM angle vy

J Vid Vie d
s’ - I/cd ‘/cs cb S
b Via Vie Vi b

o CKM angle vy: still large uncertainty

o Does Unitarity triangle close?

NP scenario

2010 constraint
3/10/2011 BHIfiRS FRTFYEZOER2011 QRBPASE
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vy by ADS

o CKM angle y could be extracted by exploiting the
interference between b=>cus (B*=>D%K) and b->ucs
(B*=>DOK), while D’ s decay into the same final state

o ADS (Atwood-Dunietz-Soni) method

o Uses BE>DK=* decays with D°>K+*m-
(doubly-cabibbo suppressed)

o No flavor tag, no time dependence
3/10/2011 B ES ZTRAFUERFOER2011 QRMKE
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ADS results

B-— DO m— [K* ] o

B+ - BODCS Tt —> [K- Tl:+] Tt

K+

J

3/10/2011 BfffRE RAFMEFOER2011 QRBPKE
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ADS comparison

o CDF results are in agreement with B—-factories

4 )
\_ J
4 )
\_ J

4 )
\_ J
4 )
\_ J
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CPV in D%=>mu'm
o Charm is a unique window toward NP:
o only one probe to measure CPV in up—-quarks

O CP symmetric initial state (pp) ensures charge symmetric production

O We have world’ s largest charm sample:
07215,000 D¥*>D% (> n*n-) m*@5.94fb~!

3/10/2011 BHfES FHFUELOER2011 QRMBAS 33



D> m*m: Methodology
I
I

.
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D> m*m: Methodology

CDF Run Il Preliminary [L dt

=594 fb!

Q | D*" - D — [

T + c.c.

I B T

Invariant Dons-mass [GeV/c?]
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D> m*m: Methodology

10° CDF Run Il Preliminary J.L dt =5.94 fb’
x

D*" — Dt — [K'm! + c.c.

1

|

S |
—— Ny

20002005 2010 2.015  2.020
Invariant Doxs-mass [GeV/c?]

Candidates/per 0.1 MeV/c?
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D O ) .IT + “ - , g COF Run 1l Prefiminary [Lat=50941"
X

Candidates per 5 MeV/c?
3
o
o

II <
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D> m*m: Methodology
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D9->h*h-results

o Agreement with B-factories and most precise so far

Direct CPV

BaBar 2008
(-0.24+0.52+0.22)%

Belle 2008
(0.43+0.52+0.12)%

CDF Preliminary 2011
(0.22+0.24+0.11)%

New Average
(0.19+0.22)%

No indirect CPV

2N

-1

-0.5

. 5
adr(D® — n*n) [%]

N

/Indirect

BaBar 2008
(-0.2440.52+0.22)%

Belle 2008
(0.43+0.52+0.12)%

CDF Preliminary 2011
(0.09+0.10+0.05)%

New Average
(0.09£0.11)%

BaBar 2008

(0.00+0.34£0.13)%

Belle 2008
(-0.43+0.30+0.11)%

CDF Preliminary 2011
(-0.24+0.22+0.10)%

New Average
(-0.24+0.17)%

\_

No indirect CPV]|

\ e 0 Tos
NL and(D’ — ') [%]

CPY_

No direct Cﬁ
e

+)

| <

V

-1 -0 05 1
adr(D° — K'K) [%]

BaBar 2008
(0.00+0.34+0.13)%

Belle 2008
(-0.43£0.30£0.11)%

CDF Preliminary 2011
(-0.09+0.08+0.04)%

New Average
(-0.11-0.09)%

\_

No direct CPV

)

ani(D® = K'K) [%]

_/
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Spectroscopy

oCharm Baryons

oBottom Baryons
oY (4140)

40



Charm Baryons: 2 .°¢*) and A_™*

o High statistics > 30xCLEO

o Test for heavy quark symmetry
o Rich mass spectrum

o A*2>p*Kn*: lightest c-baryon

o X 0¢HDA )

o A DA T

3/10/2011 EHHRE RETVRLOER2011 QRMPAS 41



Charm Baryons:

Z_(2455)0

¥ _(2520)°

fake A,

Po(2620) real A +track

feed down

Mass Spectrum

(%)

A (2625)*
N (2595)*
fake A,
real A +tracks
2.(2455)+track
\

(%) Due to proper treatment
) of mass width near threshold

PDG
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Bottom Baryons: 2, )

o 2006: Evidence for new bottom baryons (1.1fb-1)
o X2, OF=A0mE; A 0—A ;A t—pK Tt

o Confirm the discovery and measure their resonance
properties with 6.0fb=1 of data

o Test various non-perturbative QCD (HQET, potential models-:-)

3/10/2011 BHfES FHFUELOER2011 QRMBAS 43



2, ©): results

- z
- +
Zb Zb
. N

[Stfte +!é/19, MeV/c? +g% Me\i/1c§ \

b)) 5811.27 55 (stat) £ 1.7 (syst)  9.275g(stat) "1 1 (syst) . .

EE+ 5832_0i%§7(stat)i1.8 (syst) 10. 4+§;(Stat)+?§(syst) o Established existence of

Yo 58155798 (stat) £ 1.7 (syst)  4.3731 (star) 1 0(syst) these states

X~ 5835.0+0.6(stat) + 1.8 (syst) 6.4722(stat) t9 7 (syst)

—— o First measurements of width
S STy and isospin mass splitting

— ) L *42jé;(stat) Dog(syst)

\Qb — Eb_ -3.0+09 (stat)+8_1§(5yst) j
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Y(4140): Recap
n 2009: Evidence of J/we structure at
4140MeV in exclusive B*=> J/ypoK*

2.7fb1
14=%*5 events

75%10

M (MUKK)-m(up)

(M=4143+2.9+1.2MeV | (above open charm)
|\ [=11.783,+3.7MeV | (probably a strong decay)

Tetraquark, Charmonium hybrid, Molecule---
3/10/2011 EHHRE RETVRLOER2011 QRMPAS 45




Y(4140): Update

o Up to 6.0fb-1 with same requirements

(M=4143+29 , +0.6MeV

g r:15.3+104_61 i 2.5M€VJ

19%6 events

>5 0 significance
1st observation!

3/10/2011 BfffRE RAFMEFOER2011 QRBPKE
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Y(4140): And more!

o Suggestive evidence of a second peak

10 CDF Run Il Preliminary L=6.0 fb"
0
> o 228 events
= 8 H
° 7-
5 6
Q 51
-g 2+ o nre yJ_|r
c 1L ’_| U Ou
(& ] 0 T | i

-—

12 14
m(uwK'K)-m(u*y) GeVic?

(M=4274+84 __+1.9MeV

_\Nw-htlna"ﬂm

Candidates per 10 MeV/c?

CDF Run Il Preliminary L=6.0 fb"
N 6.0fb-1 data
] 2.7fb! data

|

(=)

1

b Lo
11 1.2 13 1.

'
4 1.

5 1.6

1.7 1.8

m(u K K)-m(utp) GeVic?

3.1 0 significance

3/10/2011 BfffRE RAFMEFOER2011 QRBPKE
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All done?
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All done?

oNo! There are many analyses In pipeline

oA nB->hh
nB,~>pp nB.2> @y
nB,>D.D, nY polarization

oB2>K*up Ay ...
Please look forward winter/spring conferences!
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Conclusion

o Tevatron heavy flavor program has reached
maturity

o Tevatron is scheduled to shutdown at the end of
FY2011 (Sept. 30)

o Various important and interesting results are
produced and coming in a few months

o We can still play a game with LHCb and
B-factories, especially by well understood
detector and symmetric pp production

3/10/2011 EFHES RHFYESOER2011 QHBAS 51



Thank you!

3/10/2011 BfffRE RAFMEFOER2011 QRBPKE
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backup

3/10/2011 BfffRE RAFMEFOER2011 QRBPKE
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B triggers

(Sillicon Vertex Trigger: SVT N
* Online selection of displaced tracks
* UNIQUE at hadron colliders

\- \ l/ y

Level-2 SVT trigger -

Impact Parameter (~100um)

3/10/2011 BfffRE RAFMEFOER2011 QRBPKE
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Particle Identification

Separate kaons from pions dE/dx
dE/dx gives 1.5c separation for p>2 GeV
TOF gives better separation at low p

Used for:
Kaon/pion separation
Electron tagging
24
% : p—T _ TOF
_ Q
T 2 K-p %%’
T K-n from |
8 1 dE/dx\ 5
momentum (GeV/c) i\

momentum (GeV/c)
3/10/2011 BiifARE FRFYRFDOER2011 QFRMAE
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CP violation in B.2>J/y®

Analogously to the neutral B? system, CP violation in B, system
occurs through interference of decays with and without mixing:

d’ ! vud 1 vu s I'vub d
f > - -
i " L H S — ! cd ! cs ! cb S
B. Mass eigenstates: B_.-, B, Y v v, v, :

Mass difference Ams; = my — my, ~ 2| M15|
Width difference Al s =1 — g ~ 2|[M12| COS ¢s

CPV phase between B_ mixing and
B.~>J/yep decay:

M = arg(4 VisVip/ VesV3) ~ 0.02

A. Lenz and U. Nierste, JHEP 06, 072(2007)
If ‘PSNP >>BSSM=
[—263 ~ ¢5N P ]
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B, flavor tagging

Same side

Opposite side

B.2>J/ypy

o Need to know B, flavor since
B.2>J/yp decays into CP eigenstate

o Tag same side (eD2>~3.2%) or
opposite side (¢D>~1.2%) events
based on jet/track charge

o Test the performance with B.-B, [

oscillation (5.2fb-1):

o Mixing amplitude A~ 1 indicates accurate
flavor tagging

o Consistent with past publications
3/10/2011 EFHES FHEFYESOER2011 OHPAS 57

A =0.94 £ 0.15 (stat.) = 0.13 (syst.)
Amg =17.79 +0.07 ps—!
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B results@2.8fb-

CDF note 9458 (2.8fb™) DO note 5928, CDF note 9787

CDF Run Il Preliminary L=28fb"
- — SM prediction |

0.6 — 95%C.L
T — 68%C.L.

SM p-value=7% : SM p-value=3. 4%

1. 80 deviation from SM 2. 10 deviation from SM
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ADS parameters

3/10/2011 BfffRE RAFMEFOER2011 QRBPKE
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B—->Dh: CF

3/10/2011 BfffRE RAFMEFOER2011 QRBPKE

61



3/10/2011 BfffRE RAFMEFOER2011 QRBPKE

62



3/10/2011 BfffRE RAFMEFOER2011 QRBPKE

63



(D°>n*) [%]

dir
dcp

CDF Run Il Preliminary _[L dt =5.94 fo CDF Run Il Preliminary _[L dt =5.94 fo

T T T T | T T T T | T ;CIDﬁ 2I01I1 T T | g T T T T | T T T T | T ; CIDﬁ 2I01I1 T T |
o aBar 2008
) » ) .
Belle 2008 L Belle 2008
« No CPV point ]| T « No CPV point 7
— 68%-95% C.L. =} —— 68%-95% C.L. 1
i %m% i
0 L
-2 -2
| | | | | 1 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-1 -0.5 0 05 1 -1 05 0 05 1
and(D’—n'n) [%] and(D°—>K'K') [%]
2. 65 (KK)
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Discovery of X, ™

3/10/2011 BfffRE RAFMEFOER2011 QRBPKE
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