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Detectors

Central Tracking

Calorimeter

" T-Muoch Tracking

~ good impact parameter resolution ~ M trigger to |n| <2.0

~ displaced track triggers ~ track trigger to [n| < 1.7
~ M trigger to |n| <1.1 ~ high y purity

~ particle ID with dE/dx, Tolt ~ good electron 1D



B.: Introduction

Bound state of two heavy quarks (bc) C L ﬂ
f : T
~ good lab for phenomenological V #" V )
models, lattice QCD ,’
| b ' c
~ only weak decays possible Bc = y J 2 Jp — pp
Experimentally challenging
~ Low production rate ~0.5% of total B production rate
~ Short lifetime makes selection difficult .2 - j CDF 110 pb'!
First observation by CDF in 1998, but large . bl o oL 252 190

uncertainties due to statistics

Tevatron run 1l yields much higher statistics
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MR

Events per 0.3 GeV/e

Jiyr+e and Jiy+u

— Data (B Candidates)
Fitted Signal

BB Fitted Background

«~ exclusive states allow for mass measurements

~ more precise lifetime measurements

4 &5 A ) = 0 (81} [N
NI Apeleplon) (GeVie™)
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Be=J/P
Reference Decay B"'=J/p K

~ Fully reconstructed hadronic decay

allows for precise mass measurement —t—r—p— (BB iy 11
- N(Bu): 11400 + 100
1000 Fpm(Bu): 5278.8 £ 0.1 -

~ New analysis from CDF using 1.1 fb-! Raolomien
y g | 0:12.550.1 MeV/ B+—P J/LI)K

~ Tune selection on well understood |
750

reference decay B* = J/ K

~ After finalizing the selection,

Events/(2.5 MeV/c®)

5001

replace K by n

~ Wait for a significant excess of events sl

~ Measure properties of B¢

|
510 520 530 5.40 55C
M(JAy K) (GeVic?)




Entries per 5 MeV/c?

Be.=J/

CDF2 Preliminary
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CDFII Preliminary 1.1fb™

1 1 1 I 1 1 1 1 I 1 1 1 1 I T T

- Bc: 452+ 94 i ) |

| Mass: 6276.6 = 3.6 MeV/c® gnne_d fit |
o: 155x00 L. =87.9%

N(Bc)=44.4
"N(bkgd)=34.6

bkgd subtracted 1

6.35
My %) (GeV/c?)

- >60 significance over search area of 6245-6305 MeV/c? using unbinned LH fit

m(Bc) = 6276.5 £ 4.0 £ 2.7 MeV/c?
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. (MeV/c)

~ Lattice calculations that show good
agreement with experiment were used

to predict the mass of the B,

B. Mass Comparison D&

——B_ (CDF, 1.1 fb")

—+— B, (DZero, 210 pb™)
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I afetime: B.—>J/

CDF Run 2 Preliminary : ~360 pb"'

>
£ F S
=4 Jhp+electron a
3 10° _J/ \.I) Cc —e— data g prompt background
g E 360 pb_l — fit tc?tal :§'
n N A VO B, signal Z
'_g Y S Y backgrounds
510 = prob.=14.8 %
- 35 4 45 5 55 6 65 7 15 8
L *, YU invariant mass (GeV)
15_ f 3| S B L B L R AL LI
- """"""" Sl DO Preliminary _
- 2 5
-1 1 1 1 1 1 1 Il: 1 I 1 1 1 1 I 1 1 1 “¢ I 1 1 1 1 I 1 1 1 ﬂ 30 C __
104900 500  © 500 1000 1500 2000 : | 0
Pseudo-Proper Decay Length (um) 20 210 pb!
10
CDF (360 pbl) | 0.474 073 66+ 0.033 ps R

yu pseudo-proper time (ps)

D@ (210 pb!) 0.44870-123 9096 + 0.121 ps

V.Kiselev
hep-py/0308214 0.55=+0.15 ps




5979 A

5879 A

5779 A

5679 A

5579 A

5479 A

5379 A

Excited States: Bg** and B**

5279 -

| L=0,P=—1 L=1,P=+1
-0.4
B* :; +B>1k
. B 2 1'1/2)
< ;
-0.2 O
-0.1
JU threshold
B 7 P.
1_£1/2)’// B //’ J (]q) ---- P-wave
\\0_1/2/ ---- D-wave

-~ Spectroscopy of bq mesons not well studied

~ Only ground state 0~ (B*, B?, Bs) and
excited 1~ state (B*) established

-~ HQET predicts 4 P-wave states for

Ba** and B**:

- B*s0 and B*)1 decay via S-wave
== wide states (0(100 MeV/c?))

~ B and B*sp decay via D-wave
== narrow (0(10 MeV/c?)) states

~ Masses, widths and branching ratios predicted with good precision

~ Experimental verification can give insight into quark interaction in

bound states and aid further development of non-perturbative QCD



B4** Narrow States

DY Runll Preliminary

Decay channels: - o

BO B*to—. p*t BT g N

b0 et e g 50 16219 + 180 events
2 T™ 5 — Y = -

B*0 Btr— £ 4000
S S VN SR B BT — J/pK*

L, ,U+,U_ 3000

Photon not reconstructed 2000 ::+++++

Fit mass difference 1000~ -

AM = M(Br) — M(B) 2;' B Py TST(;__I_T_—_;;_——__G

for all BT candidates with M(J/y K*)  (GeV/c?)

5.19 < M(B%) < 5.36 (20 window around B* peak)

Constrain I'(BY) = I'(B3°
and M(B") — M(B™) =

I' from theoretical expectations

) =
45.78 MeV /c* using the PDG value
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~ Use J/psi and DY decay channel:
B) — B**r~; B*" — Bty
B — B**n~; B*t — Bty
B — Btn~
Bt — J/YKT BT — Dxt
L

- it mass difference

Am(B**) = m(B**) — m(B*) — m(n").

- Fit constrained to theoretical values:

M(B*) — M(B*) = 45.78 MeV /c?
I'(B?) =I'(B3°%) = 16 £ 6 MeV /c?

BR(B; — Bm)

=1.140.3
BR(B;, — B*n)

11

B4** Narrow States

[(B' =~ JyK Mass | CDF Preliminary: ~374pb’

zﬂoo B+ TIbE+ N(B) = 1867 + 64
— .

2 o0 /¥ Fit Prob = 67%
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2
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DY Runll Preliminary

Bi1 and B*> observed
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Q: B* in J/iy K* channel |

055 0.6 0.65 0.7

CDF 370 pb') | D@ (1fb)
m(B1) [MeV/c?] | 5734432 | 5720.8+2.5+5.3
m(B*) [MeV/c?]|  5738+5+1 | 5746.0+3.9+5.4
m(B*2) - m(B1) 44642 25.243.0+1.1

MeV/c2] R
=T [MeV/c?]| 1646 (fixed) | 6.6+5.3+4.2

M(Br) - M(B) (GeV/c?)

CDF Run Il Preliminary: 370 pb'1

| Q:B*in D°x* channel |

CDF Run Il Preliminary: 370 pb'1

—~ r —~ 90F .
© 70F Fit Prob = 91% — Total fit o 80 Fit Prob=70%  — Totalfit
- —— B,—B'n > F —— B,—»Bx
N - N E - P2
© 50 ——B,»Bx S 60 B B
o r - o = - B, = 4
<afE 4 Myle] o e B, <> 1. B
(2] = IV N/ IEPPTTL. .. G B R 3V P B P N 40
T 30 Lotalgaclggr;l;nd t FE  lel|l [®eerl 0 e Total background
o A 7% aff W | PEECEEEEEN SR O (s &) (R SR Lbbh on-Comb. Bkg. o0 30 = T MLl
> C E 1 il TN T e -
i 20F- i o oo Non-Comb. Bkg.
10F- + 10F- -
%: AN AN = L L. I o ..
.0 0.2 0.4 0.6 0.8 1.0 %.O 0.2 0.4 0.6 0.8 1.0

Q=m(Br) - m(B)-m(w) (GeV/c?)
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B** Narrow States

~ Decay to Bs Tt suppressed by isospin conservation

_ -0 _
. B* - B*K~ = [J/yKt|K~  B* - BtK~ — [D nt]K
L L Kt
CDF Run 2 Preliminary 1.0 fb CDF Run 2 Preliminary 1.0 fo
S 2000(- 31000+ 300 B 4 S 1000 57200 + 200 B* 4
2 1500] g | +
I-01800: = 800
f} 1600 S i
31400 g 600
@ 1200 3 i
S 1000 S 400
2 2
@ 800 ©
(©) ©)

400 \:7 P T T N (N S SO NS NS R ‘. L 0 P AT N SR SN (NN NN S ST S SR S ST S L1
5.20 5.25 5.30 5.35 5.20 5.25 5.30 5.35
My K*) [GeV/c?] M(D =*) [GeV/c’]

~ Final event selection by requiring less than 4 candidates / event

and Neural Net cut optimized for best S/vS + B
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B* observed: By too?

CDF (1 fb)

DO (1 fb)

~ DO uses same B—J/ K data

m(Bs1) [MeV/c?]

5829.44+0.2+0.6

sample as for B¢** search

m(B*5) [MeV/c?]

5839.6+0.4+0.5

5839.1+1.4+1.5

CDF Run 2 Preliminary

m(B*s) - m(Bs1)

10.20+0.44+0.35

Bh— BYE™ g

— Signal
— Background

M(B"K)-M(B*)-M(K') [GeV/c?]
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[MeV/c?]
DO Runll Preliminary, 1 fb™

w 125 _
;E, - ¢ B'K N 135 £ 31(stat),
® 100 [ BK
g - [ mcB">B*r ' + +
E s 1 +
2 t # 1

50 |- +

25 ++

0 i | | | ‘ | | | | ‘ | I | | ‘ | | | 1 1 1 ‘ 1 1 1

0 0.025 0.05 0.075 0.125
M(B*K')-M(B*)-M(K') (GeV/c?)
. — e




B** Comparison

I
M&SSQS Of Bl al’ld B*52 agree @
5 E m B B
Mass differences of CDF are HeH (B1) d
smaller than D@ Di Pierro, Eichten
hep-py/0104208
Theories predicts Ver}] Similar Am Matsuki, l\l()l‘l‘i, Sudoh
. . ) o _ private communication m(B* ) B wek
for orbital excitations in bd and bs (B%2) fif‘ o —SJ
S Stem | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
J 5700 5750 5800 5850

Using D’s Am as measured in bd, m (MeY/CZ)

Bsi mass would be ~5814 MeV/c?

m(B*2) - m(B1) ‘

Mass is too low for decay into B*K~ B

-~ Possible explanation for missing

2nd peak in DO
B*s) - m(Bs '
But what does CDF see if not Bgi? DO m(B¥s2) - m(Bs1) Br*

o 10 20 30
15 A m (MeV/c?)




Summary

New precise mass measurement of m(Bc) = 6276.5 £ 4.0 + 2.7 MeV/c?
B lifetime measured by both CDF and DO in agreement with theory
2 narrow states of Bq** system measured & consistent with theory predictions

Puzzle of B** excited states

CDF measures both narrow states with Am = 10 MeV/c?
DO only sees B*s
Using DO measurement of Am from B4**, no Bs peak expected

Improved measurement of Am in Bq** system could shed light on

discrepancy in By** system
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Backup Shides



Normalized per 100 bins

CDFII Preliminary 1.1fb™

/] E: T T T T I T T T T I T T T T I T T T T 5 15 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1

= 3 Bc: 452+ 9.4

10~ |;— _;I [~ Mass: 6276.6 + 3.6 MeV/c? 7
E 3 B o: 1565+0.0 |

2 .

10 E Monte Carlo E - 5
£ . 8 ]

107 L Events:. 10 4 i i
- = o
g 1 S 10F -

107k E 2 | ]
- — To]

107° E 3 ) = /\ i
= 3 o

10k ] 8 7 1
E | § E
- = [ . _ -
E 1 W

1077 g —§| =|L o

1 N '

10~ & - “L s o N HH
3 : { [ JL ! JUI i U|—_

107 g .

10—11 i PR TN TN T (T T SR TN SO (NN W1 N | P ‘\\' TR N N | 3 0 1 1 1 1 l 1 1 I I l I I I I l I I
0 2.5 5 7.5 10 6.15 6.25 6.35 6.45

S/sqrt(B) M(JAp %) (GeV/c?)
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Candidates per 1.25 MeV/c?

BS**

»5 CDF Run 2 Preliminary 1.0 fb™ -5 CDF Run 2 Preliminary 1.0 fb™
: Bl 5B Ko JWK K| S | B, 5> BK—Dn*K
i . o | .
o0l Dgta = ol Dgta
i — Signal o — Signal
- — Background — — Background
15 5 151
i o
i n i
i Q[
10~ * 5 10
- -O -
- C -
L ] L
i ﬁ

00 005 010 015 020 Q00 005 010 015 020
M(B*K)-M(B*)-M(K) [GeV/c?] M(B*K)-M(B")-M(K) [GeV/c?]

le :2
Bt — J/yKt Bt - D'zt Bt - J/yKt Bt =D nt
Q [MeV/c?] 10.87£0.19 10.68£0.46 67.03 044 66.85=L0.76

o [MeV/c?] 0.644+025 1.184+£056 1.79+£042 2.88+0.75
N 16.98 £5.14 20.66 +7.12 44.15+13.36 55.74 & 19.20
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Mystery ot X(3872)

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

v 800 DO X(3872)
* DD* molecule? > f '
* Excited ccbar state =
© 600 (| wizs)
Results from CDF and DO rapidly follow FE
* observation and mass at ppbar s 400 '#
e production properties, prompt fraction T J| } 3
2 consistent with ¥(2S) S 200 | :
* (;m) mass spectrum: | j -
> first glimpse of quantum numbers ol My, (GeVic)
* see: hep-ex/0505083, hep-ph/0506222, hep-ph/0508258 % 2T’ Gevie?)
looks like J/¥ p S
CDF Il 360 pb”
N§ 2501~ X(3872) — JIy='x DD Threshold
2 2001 =0 b (L) Belle PRLO1, 202401 2002
g "’ \ CDF i "epexoayadi
E 100 \ " FHAL 93, 162002 (2004)
% ol + s "._ DO ' [hep-ex/0405004]
E 0 .; BaBar ; _: :n [hep-ex0507080]
* sl il o T o 3871.1+ 0.4
04 0.6 0.8 T8ET T BT RE0
nr Mass [GeV/c’] X(3872) Mass (MeVic®)
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X(3872): Results for JF¢

Simultaneous fit of 3 angles: A®, ©,, and ©__
* 12 data points from mass fits

Derive probability: many J“ hypotheses

.
CDF Run Il Preliminary L ~780pb™
Q B
% 500 |cos(@,,)| <0.6 |cos(@,,)| > 0.6 X(3872)
: N ® data points
g 400 _EOS(@”)I < D.5||cos(@m)| > 0.5]|cos(@..,)| < 0.5}|cos(@,.,)| > 0.5
= r Fit model
> 300
S iy EF 3 best:
() = —
X 200/ | | i L 1++p
- =1 —_— -+
1009~ ~— — 2 p
z ' Ls
0 } } } } } }
0 063 1.15 w2 0 063 1.15 72 the worst
0 063 1.15 w/2 0 0.63 1.15 w2 O++
Ae-x-m2) | T p

hypothesis || 3D x* / 11 d.o.f. | x* prob.
1T 13.2 27.8%
g 13.6 25 8%
== 35.1 0.02%
A== 38.9 55.10°°
T 30.8 T PN i
27~ 30.8 3.8-10°
3+- 39.8 3.8.10—"
% 11.0 24.107°
D=+ 13.0 5 B 10
11— 154 41.107°
0—+ 103.6 3.5.10~17
0t— 129.2 <1.10—°"
0+ 163.1 <1104

Result:

* only J"*=1** and 2" fit data

* all others excluded by >30

Cross-check on ¥(2S):
e same final state, J* reproduce

1

2



