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b hadron production

eX(3872) studies
*B. observation and properties

eorbitally excited B, D mesons

/\, lifetimes




Tevatron

. machlne-delleve-red .>1 5 fb 1
e CDF and DO recorded >1.2 fb*
* analyses use 200 to 1000 pb*

D0 & CDF Run Il Integrated Luminosity through 18 February 2006
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CDF and DO Experlments
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Forward Mini-drift

Forward Scintillator
chambers ' ]

l Central Scintillator

CDF:

e great m and p resolution

* displaced track triggers E\
* triggered p to [n|<1.1

10d

Jper

| New Solenoid, Tracking System
Si, SciFi,Preshowers o

+ New Electronics, Trig, DAQ

DO:

* triggered p to |n|<2.0

e good electron ID

* trigger tracking to|n|<2.0

'Wire Drift Chamber




Heavy FIavor Physics at Tevatron
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>m< Tevatron is great for heavy flavor:

Ravor Creation (annihilation) * b production x-section x1000 than at e*e B factories

b e all b and c hadrons produced
’ %/ p

* B% B*, B_, A\, B., =,, etc
. . \5 . ) 3
S e e b * D° D%, D, Ao, Xor =o X(3872), etc
g
b
However:
9 Ravor Excmq * inelastic (QCD) background is x1000 higher than
. b x-section

* online triggering and reconstruction is a challenge

Ol

% e collision rate ~1 Mhz, writing to tape at ~100 Hz
g

g
Gluon Splitting




b Hadron Productlon Fractlons

Rate of b quark fragmentation to form mesons and baryons:
e compare samples of B°, B*, B, and A, U getf,, fy, f, and f,,
e B* and B** are not disentangled
e measure relative fractions f /f,, f./(f ,+f,) and fau/(f,+f,)

Using semileptonic B and A, decays, CDF measures on 360 pb-1:

s BR(D} — ¢nt) = (5.76 £0.18(stat) 055 (sys)) x 1073

fu + fd
T fAbf x BR(A] = pK 7)) = (14.140.6(stat)53(sys)) x 1072
d
T _n X BR(A) — twvAD)BR(A} — pK~nt) = (12.940.6(stat) & 3.4(sys)) x 10~*
d
% = 1.054 + 0.018(stat) 9032 (sys) & 0.082(BR)
d
fo o _ 0.160 + 0.005(stat) 010 (sys) 0031 (BR)
fu + fd
L Y 0.012(stat) 058 (sys) 02 (BR).
fu + fd

f., higher then LEPby ~2.2 ¢




The mystery of X(3872)

Aug'03: Belle annonunces discovery of X(3872)=]J/ym ™ "~
What is it? Pros/cons for any explanation

e DD* molecule?

e Excited ccbar state

Results from CDF and DO rapidly follow
* observation and mass at ppbar
* production properties, prompt fraction

2 consistent with W(25S)
* (tur) Mmass spectrum:
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Candidates / 10 MeV/c ?

Candidates /10 MeVie ©
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2 first glimpse of quantum numbers ol *G""'"’z’
* see: hep-ex/0505083, hep-ph/0506222, hep-ph/0508258 08, &f “-“ (Gevic?)
0 CuEt L
looks like J/¥ p e M
CDF Il 360 pb”
"; 250 X(3872) - Jiyr's 0D Threshold
§ 200} :j{-t,'ﬁft:ﬂ Belle P hep-ex0309032]
g CDF I "Pepexaaimat
T 100f FAL 93, 162002 (2004)
.'_; - + - DO » ' [hep—erﬂ-l.laﬁulj-l]
8 i == BaBar B XK
8 0 I . el [hep-ex/0507090]
* sl il o T L l 3871.1+ 0.4
0.4 0.6 0.8 5867 — aBm 3875 60

=% Mass [GeV/c?]

X(3872) Mass (MeV/c’)




X(3872) angular anaIyS|s

CDF seeks to determine J, P and C of the X(3872) e
i é,,,:::':;:‘::;

a sample of ~3000 of X(3872) candidates with 780 pb™ of data ° B rH’[||?'1”I’~tlﬁ'| "lf”r‘rJﬁLrHﬁi

derive predictions for decay angle distributions for different toretons

Fit m(X) in 3x2x2 subsamples
* 3 bins in AP
e 2 bins in cos G)q,

e 2 binsin cos O,

To)/p T

';l'c_

L=0 or 1 assumed for (1ut) system

Cross-check on Y(2S):
e same final state, J°° reproduced




X(3872) results forJPC

hypothesiz | 30 3~ /1l dof | 3~ prob.
1+ 1332 77 ER
Simultaneous fit of 3 angles: A®, G)q, and O, 2—+ 118 o8 8%
: : 1=~ an1 0.02%
e 12 data points from mass fits = =0 T
1+- 308 38105
B—— A8 3310~
Derive probability: many J* hypotheses 3+ 208 38107
- 3— 110 2 1.10-5
a++ 430 1.1-10—=
1=+ 154 11-10°F
o—+ 1038 35 10-TF
CDF Run Il Preliminary L ~780pb” - 1732 1100
5 500:_ lcos(®,,,) < 0.6 |cos(®,,,)| > 0.6 X(3872) o+ 183.1 51'1':'_:‘:
E _ ® data points
g 400E s(0, )|<05||cos(@) o) > 0.5)|cos(@,. )| < 0.5]|cos(®, )| > 0.5
—~ " acc. corrected
E 300f Bror Result:
g E _+__+_ — for 15* .
2 ool B RNt Ml e only J°°=1** and 2* fit to data
= —1 i
o | [ * all others excluded by >30
0: } } } } } }
0 0.63 1.15 w2 0 063 1.15 =w/2
0 063 115 w2 0 063 115 w2

A P - x| - /2|




B mtroductlon
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Bound state of two heavy quarks (bc)
* good lab for potential models, lattice QCD

* b,c - different flavors
* only weak decays possible b 2

T P W A B W A T —_

C
Experimental knowledge: B

* first observed by CDF in '98 in semileptonics
* properties not well measured

C

* higher statistics in Run |l
* more precise lifetime
e access to exclusive modes [1 mass measurement

Challenging: low production rate
e B%:B*:B.:/A\,=40:40:10:10, B.~0.5%

e short lifetime O difficult selection

R L




B observatlon and Mass
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We reconstruct B, in 3 channels:

semileptonics: good for lifetime

B.—~J/wev cor }
(sufficient yields)

B.—]J/y uv CcDF, DO

B,—J/ym  CDF } hadronic decays: good for mass
(fully reconstructed)

At present, 60 or more signal is observed in all these channels!

CDF2 Preliminary
. 20 | I LR
CDF: fully reconstructed B. - J/%Tl %“ 5 ~0.8 pb*
sample for mass measurements § i -
> 3 of
M(B.)=6275.2+4.3+2.3 MeV/c? E 5
Ll
0
5.8 6.0 6.4 8.8 7.2

Mass{J /¢m) GeV/c®




B.: Iattlce results vs CDF

T P W A B A T . e ';

g-r'iu.mﬁ P’m%,

Lattice calculations that show good agreement with

experiment were used to predict the mass of the B_
PRL 94, 1720001

6600 i T i T T
- (mw+ m )2 ] (2005)
. F m potential models —
6300 = - e lattice QCD -
- i v potential NRQCD T
2 i — CDF i
_..-* 6400 N ® ]
W
< 1 I ]
& w6300 - 1 E ; . —
2 "“T“‘! ------------------------ s
6200 [ -
6100 [ | | | | | | |
[221  [23] [171 [24] [25] [26] (6) (7)

M(B, )., = 6275.2 + 4.3 * 2.3 MeV/c?
M(B_), ., = 6304 + 12f38 MeV/c?




B.: I|fet|me measurement

o - -F'.'-'_J'—.'-l AR A R gy .ﬂ" ---------- -\J-n'\—_-._--"\-'q -
£ ik wﬁﬁ‘ﬂ*ﬁlfm%p ] =
e mumulr A S =l

c Bc I|fet|me extracted fromB. > J/Q@lv samples
CDF Run 2 Preliminary : ~360 pb

g - Jhy+electron
o —e— c!ata
°10° T Mol e more stat than
(<b] — o ° .
o i I v hadronic mode
Q@ B f,!“ ----- bb
> :__:;_- ‘_-E‘,: .......... fake JIy
10 £ 75 N\ prompt e but also more
= =& prob.=14.8 %
- background too
1= i
10" Lo / L e NN~ World's best
-1000 -500 0 500 1000 1500 2000
Pseudo-Proper Decay Length (um)

CDF: lifetime measured in J/We channel: 0.474%) /2 +0.033 ps on 360 pb’

DO: J/WU channel: 0. 448+8 ggg +0.121 ps on 210 pb™

Theoretical prediction: 0.55+-0.15 ps (V. Kiselev, hep-ph/0308214)




B** mtrod uctlon

B* and B** or B;: first orbital excitations of (bq) system

3979 1 Qualitative picture well understood:
L=0,P=—1 L=1,P=+1
5879 1’ ‘ ’ h o 4 of P-states: B*,, B*;, B;, B*,
0.4
5779 - & B 13;;2 e B*,, B¥, are wide (~100 MeV)
— 2 o .
0.3 > idey | B states, decay via S-wave
56791 ©
0.2 O e B,, B*, are narrow (~10 MeV) states,
5579 decay via D-wave
-0.1
5479 + e B*, can decay to B*mand BTt
) IR 0 AR NS SR 5 ... ...
5379 Bl e * B, can decay only to B*m
- - D—wave
5279 -

Quantitative understanding is worse:
* predictions for m, [ and decay properties depend on many model parameters

From Tevatron: focus on narrow states for now




B** narrow states from DO
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DY Runll Preliminary

Decay channels: find B"=> B" ~ as
B?_)B*-l-_rl_—; B*+—)B+y
BZ*O__)B*JrTr—; B*+_'>B+y

0 — 3000
B, >B"m

1b™
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(=]
o
o

Number of Events
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2000,
Reconstruction: . JRi
1
* based on 16K of B*» ]/ K" candidates | | | — —
_ 8 35 52 54 56 58 6
* photon in B*-yB not reconstructed My K?)  (GeVic?)

Add events from all 3 modes, fit mass difference M(B ) — M(B)

Constrained:
. (Bl) = (BZ*) = [ from theoretical expectations (" floats)

* also, M(B*)-M(B*)=45.78 MeV/c* [PDG]




B** results from DO

First observation of separate peaks

DY Runll Preliminary

at hadron collider @ 240
§ 20 11b"
M(B,) = 5720.8 + 2.5+ 5.3 MeV/c* s

M(B") - M(B,)=25.2+ 3.0+ 1.1 MeV/C? § o
he
100

The only narrow width measurement e
60

r(B,)= (B, )=6.6+ 5.3+ 4.2MeV/c’ “0F-

20

8302503035 04 045 05 '655"'oé"o'65"b7
M(Br) - M(B) (GeV/c?)

Production rates:
BR(B, — B'm)
BR(B, — B"n)

BR(b - B} - Bm) .
" =0.165%£0.024+0.028 BR(B, -~ B"m) _
BR(b - B") BR(B, - BOm =0.545+0.064+0.071

= 0.513+0.092+0.115




B** narrow states from CD

L&D Mars ] CDF Preliminary: ~374pb"’
3 of N(B) = 2182 + 54
Reconstruct B™%-» B"* g Fit Prob = 14%
* B* decay: B"™»]J/ K* g
* and B*»>D° °
u;l“!ﬂ"' 0 52 84 36 38 60
m(D’ 1) [GeVic?)

Events in sidebands of B+ mass are

later used to determine the combinatorial

B — Jiy K Mass | CDF Preliminary: ~374pb’"

N(B) = 1867 + 64
Fit Prob = 67%

background in B** mass fits
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D* background to D° *is suppressed .| )
In selection Pottennsteteteren s

Candidates/10 MeV/c?
g & 8 8 ¢
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B** results from CDF

] ,3*:

B” mass in B' - J/v K’ decays | CDF Run Il Preliminary: 370 pb”
Fit M(B  )-M(B)-M( ) simultaneously Fit Prob =91% — loalft
for all channels 8 60 — B,>Bx
g_ 50 B;—>B'1t
es- Nkl o
T 40 °
ST ar Ny 7 e Total background
%302— Yo +H ------ st-csﬁmt?.rglliz.
Low statistics O fix width to theoretical 20 ' “}’% +
value (B°)=16+6MeV/c? (hep-ph/  ©- IR
0 %0 9507311) 9% B
e also, fix (B . )= (B 5 ) Q=m(Br)-m(B)- m(x) (GeV/c)
|
Br(B *0 - * ) IAB“mfssinB*—m"rt*decays | CDF Run Il Preliminary: 370 pb”
FiX ——2 =1.1+0.3 “ zg— Fit Prob = 70% —— Total fi
> = —B1—>B'1t
Br(B,=>8 ") Delphi 2004- 8w —Eoe
025 conf 700 &0 B, > B
et S S B
0 40E °
: g wE ot e T Total background
World's best mass measurements: & ¢ | 0T Non-Comb. Bkg.
M(Blo) = 5734+3+2MeV/c’ 101 e
il [ { = " L | n - I Tt
*0y 2 %.0 ] ] 06 0.8 1.0
M(82 ) = 5738+x5+x1MeV/c Q= m(Br) - m(B) - m(n) (GeVic?)




Search for B*, at DO
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B**_: similar hierarchy of orbital excitations as for B**
e wide states B*_, and B*_;

*
e narrow states B.; and B*,,

e even less well studied than B**

The signature:

* due to isospin conservation decays to B.1thighly suppressed

* search for excited states decaying to B*K
* use the same B"™» )/ K"sample as for the B** search
1 fb* of data




B* 2. flrst dlrect observatlon

Fit mass difference: M(B*K)-M(B*)-M(K)

D@ Runll Preliminary, 1 fb™

[y
N
[3)]

ST
[ mce">B'x + ‘ + + +
5 t ; £

100

Number of events
N
[4)]

¢
4

0 ‘ [ I L ‘ i i i I ‘ | I | ‘ I | | 1 ‘ | | i | ‘ | | 1 |
0 0.025 0.05 0.075 0.1 0.125 0.15

M(B*K)-M(B*)-M(K) (GeV/c?)

(41
o

N
o

First direct observation of B*_,, significance of the peak >5¢!

M(B*_,)=5839.1+1.4+1.5 MeV/c?

Checks:
* no evidence of the peak in the wrong sign BK
* no “bump” in Monte Carlo spectrum from B** decays




Ny Ilfetlme from CDF
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The lightest b baryon: (udb), rich physics program

Lifetime measurements allow to test Heavy Quark
Expansion

CDF |l Preliminary 370 pb

Ii"'|""|""|""|""|""| """" _

~ 194+ 23 Al Jhy A°

CDF measures A lifetime in fully
reconstructed A,— J/y A

-
(=]
(=]

Entries / 10 MeV

8ol
* petter T resolution wrt semileptonics I

* largest fully reconstructed sample F

of A, in the world a0k

20]-

Cross-checked on B - J/yK, (same topology) 8_

4 545 55 555 56 565 57 575 5.8

uunp Mass (GeV)




/\b Ilfetlme results

EXperlment Tarantino, et al.

imi X (world avg) hep-ph/0203089
E S . pata - A W |
3 | \ )
§ 10 | Signal . _
5 — Bkg E
— Signal+Bkg - 4
10 | Ct=435.3+40.4 um. 2 ~ CDF
. . | Result
0.650.70.750.80.850.90.95 1
T (Np) /T (Ba)nLo
1
/
AR el AN N (A 1 =
20001000 000" 3000”2000 * CDF new result §|ts in the theory
Proper Decay Length (um) preferred region

* more experimental inputs are

CDF (370pb-1): desirable

T(A,) =1.45727 (dat) + 0.02(syst) ps

expect updated result with > x2 statistics




Precision measurements of b and c properties

* many unique to Tevatron

While this talk is restricted spectroscopy, check out
other talks from CDF and DO with new exciting
results on heavy flavor

Good times for heavy flavor physics at Tevatron: >1 fb* of data
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