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Particle tracking and ID at CDF %

7 END WALL

« Central drift chamber in B field  *° 1 weorrur i il e
— o(py)/p:2~ 0.1% GeV/cl 15 /"' f
— dE/dx measurement D_ / g %

- Silicon vertex detector ][] : ;
— I.P. resolution: 35um @ 2GeV/c s— ’/,/ I % 2

« Time-of-flight detector =

» Muon coverage: || <1 S Uiemene

Mivkss  Slioon Lavens

« Triggers for heavy flavor physics
— Di-muon trigger
— Displaced track trigger
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Tevatron Status g
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* First observation at Belle
— PRL 91 262001 (2003)

— Charmoniumlike state decaying 6000

toJy

 Confirmation at CDF
— PRL93 072001 (2004)

« Also in D@ and BABAR

— PRL93 162002 (2004), DY

— PRD71 071103 (2005),

July 7 -8, 2007
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X(3872) -2 - (i)

e Mass
— — M, =3871.1+ 0.4 MeV/c?
DD " Threshold - F—»
Bolle (e~ TR ~ X(3872) right in DD
PRL 93, 072001 (2004) threshold reglon'
CDF I = [hep-ex/0312021]
DO ® P e aoadaacar ) _
BaBar H@- Boxke PRD 74 071101 (2005) * Width
—e— B XK ° — Compatible with or smaller
3871.1+£0.4 .
C A N than the detector resolution.
3865 3870 3875 3880

X(3872) Mass (MeV/cz)

« Not easily explained as a conventional 1D cc state.
« Possible D°D* molecule-like bound state ?
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X(3872) -3 -

* Production fraction from B decays
— Proper decay time

_MQly z'x ) B— X(3872)....
L-J/yrntn = =
pT (Jy z'n ) y
Fit " and “displaced Verer :
— Fit "prompt” and “displaced” Vertex
fractions L_x_y_ . X g
\ oo
. . Primary
— Comparison with y(2S) Vertex
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X(3872) -4 - (i)

CDF Il Preliminary +2.5a Projection Around w(25)

) I T w(@2S) = Jdlyn r —e—D ~220 pb”
Fraction from B decays i v v @S
— Long-lived fraction S W ongved v
’.;,_ 10 Long-Lived Background
w(2S) : g
28.3 + 1.0(stat.) £ 0.7(syst.) % g
X(3872) : "
16.1 + 4.9(stat.) + 1.0(syst.) %
CDF Il Preliminary +2.5a Projection Around X(3872) i
X(3872) behaves similarly to p(2S). | wE XN e
EE I Long-Lived X(3872)
8 .. Prompt Background
X(3872) mostly prompt. g F Long-Lived Background
3

-0.1 o o1 0.2 03

July 7 -8, 2007 RCNP, Osaka Ur i Uncorrected Proper Time (cm)
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X(3872) -5 - (i)

« Determination of JP¢ of X(3872)

— Looked at di-pion mass spectrum.
» Belle: Found high =t masses favored.
« CDF: Observed the same tendency. Tried fits for possible cases.

CDF Il 360 pb”
250~ X(3872) — Jlyn'w : Y :
_( Iy ; [ng;'m -l. « Compatible with intermediate
2001~ — - Jny p (L=1) p'—7 resonances. (1+, 2-+)

150 — Multipole Expansions for ct:

100~ 27 P, x5 « 3S; multipole expansion for
n _ cc also possible. (1

O TR N\ P ¢

ol £ RN — But, no charmonium

candidates at that mass.

X(3872) yield per 20 MeV/c

0.4 '0.62’ 0.8
e Mass [GeV/c']
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X(3872) -6 - (i)

o . CDF Run Il L ~ 780 pb™
* Determination of J™ of X(3872) £ icosie, )< 06 cos(8,,) > 0.6
— Looked at angular correlations ¢ agof1c08(6; )| Icos(e, ) | lcos(e, )| | cos(®, )|
b/W ( and E - <05 > 0.5 <0.5 > 0.5
m,T) (L,p). 3 3505 8
N 8
o E 2501 .;H
2 200 P-
gﬁﬂ;;j
S 1ﬂﬂz=+_
5ﬂ;—
oF— — |

0063 115 =2 00863 1.15 nf2
0 0.63 1.15 nf2 0 0.63 1.15 nf2

A @ - n| - /2]

e JPC=1+and 2
« All other assignments are ruled out
by more than 3c.
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Pentaquark

« Search for ®(1860) » =Zn~ and ®°(1860) —» =r*
— Reported by NA49 at CERN

O©*(1540) —
* In hadron-collider, [uudds] +

— Displaced vertex resulting
from weak decay of =~

— Accessible by discriminating
candidates out of the huge
number of tracks in QCD
events.

Ewntriac I 78 Nﬂp‘fﬂﬂz

4 _
d(1860) 0"(1860) 2]
[ddssi] [dussd]
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Pentagquark - 2 -

« Summary of ®(1860) searches

Experiment | Initial Energy Result

state [GeV]
NA49 pp Ep =158 N(®(1860)) = 69
ALEPH Z0 Vs=MZ° | N(@(1860)—>Z= 1 )/N(E(1530)—>E 1) < 0.082
BABAR ete | Vs=10.58 | N(®—(1860)>=n") < 0.74x10-5/qq
FNAL-E690 | pp Ep=800 | N(®@—(1860)—>=r")/N(E(1530)—>E ") < 0.3%
FOCUS 78 Ey<300 | o(®(1860))*Br(d—(1860)—>= ")) < 0.25%
HERA-B pA Ep =920 N(®—(1860)—>=7")/N(E(1530)>ET") < 4%
HERMES eD Ee=27.6 o(®—(1860) photoproduction) < 2.1 nb
WAS89 SA | Es—=340 | o(Z-A—>® (1860)X)*Br(®—(1860)>= 1) < 3.5ub
ZEUS ep | Vs=300,318 | N(®—(1860)—>=1)/N(E(1530)>= ") < 0.3
COMPASS | u'A Exu=160 | N(®—(1860)—>=n")/N(Z(1530)>= ") < 4.6%
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Pentaquark - 3 -

- ®(1860) search at CDF

— Proton-antiproton collision  « A ; ——]
— Vs=1.96 TeV 2 8000 Ar ]
. = N Ant ]

— Reconstruction of N ]
e A pﬂ:— Z 6000:— ]

e HET AT - ]
4000} .

- ®(1860) > = : :
with tracking detectors 2000F -

126 128 134 136 138

(GeV/c?]
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Pentagquark -4 -

Invariant mass spectra of =«

RN TR

S

L~220 pb"

= track found in SVX
|p¢(1 860}"

L

PTE —

~ 1500 N ~ 1500
-; L~220 pb" - -._._-,‘3
g = track found in SVX g
P "d(1860)" o
1000} ~ 1000}
— —
= =
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— ]
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No peaks around M(Zr) = 1820 MeV/c? for =nt and =~
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Pentaquark -5 - (k)

« Upper limits for ®(1820) production
— Cross section ratio to =(1530) production

Y 10— T — T ' T ] = 10 T L LA
o~ B 2] o~ i 2]
P - e T=17 MeV/c” - = - - T'=17 MeV/c” 1
+ - = 1 - .
B 8| —— TI'=0MeV/c® A 8| — —I= 2
% (DO ¢ i 8 D . I'=0 MeV/c®—
NI 1 IIx
23 6 1 €8
m - - g m -
Xl o i ] A ]
= \ 1 .1
3 N
¥ . 1ol ©
S 7 £
3} i i [5)
0 | — — 1 — ot —— |
1.6 1.7 1.8 RE 2.0 2.1
2
M((I) ) [GeV/cT]

o(pp — ©(1860) X )+Br(®(1860) —» = x)
o(pp — Z(1530) X)

<2~3% (90% C.L.)
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. New b-Baryons %

« So far, A°(udb, 1(JP)=0(1/2+)) was the only established b-baryon.

 Newly observed b-baryons :
2, "(uub), 2, ~(ddb) : 1(IJP)=1(1/2*)

=, *+(uub), =,*~(ddb) : 1(JP)=1(3/2*)

=,-(dsb) : 1(IP)=1/2(1/2")
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Observation of X, * and X **

* Reconstruction of the decay chain: . CDEll Preliminary, L =1.1f5" _Fit Prob. = 76%
o — Total Fit
Zb(*)i —> Abo + 7t > 5 5 — Backgrouﬂl
= -t “b — %—:-ﬁ“brr
L A+ e i
l_) 8 sof- R SV *+ T '
p+K_+TlZJr ﬂ RSN 'I'L - l *,"
| | | | § A T A
« Signals consistent with lowest lying E ol /" [\
z,*F states at > 5c significant level. [ N
sof — Total Fit
420 | v+ — Backggoun |
m(Z,") = 5808 “53(stat.) + 1.7(syst.) MeV/c? of P | .
m(2,”) = 5816 “19(stat.) + 1.7(syst.) MeV/c? o taia s 1l
m(s, ) = 5829 *9(stat.) + 1.7(syst.) R p
v 18 i PANE.
* N\ _ 21 A0 0.05 0.10 0.15 0.20
{\n/lg\? /c)Z_ 5837 "=~ (stat.) = 1.7(syst.) Q=mA%T) - m(AY) - m, (GeV/cd)
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Observation of 5, -

« Reconstruction of the decay chain:

E, o2+ )y Event: 11415004 Run: 185281

« Tracking of =~ in the silicon RAL ..o
micro-strip detector

— 5-track final state (uunpmn)

into 3-track vertex (uu= : '
o S-track vertex (M=) = = candidate

mm
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SWNCE 185,

. —_— ﬁ&
Observation of Z,- -2 - <
Iryu
« B*— J/wK* was used for the control channel of £~ — J/y =~
4 b 4
— Optimized cuts for best B* — J/w K* signal. Applied the same cuts to
=, — Jlw E- candidates.
— This assumption was validated with the simulation .
| CDF Run Il Preliminary | L~1.9fb"
|_CDF Run Il Preliminary | L~1.9fb" —_ —_—
— 30000 F——————————————————— N . +
‘e I Yield=31652+567 % I - daa
° I M=G278.0: 02Mev” | = | ] total fit
E . o=(11.2t0.2)MeVic® - 0 2000|- . .
2 20000} prob=54.4% - - | B By
S - L ) i
% I S=|M(J/yK*")-M(B")|<3c i % I D comb. background ]
.'g 10000 [ SBZ?GilM(Jf\UK+}-M(B+)|<1'00' | -g 1000} =
S S | |
N T T S ST A T — .
5.1 5.2 5.3 + 5.4 5.5 8.20 5.25 5.30 5.35 + 5.40 5.45 5.50
M(J/yK*) [GeV/c’] M(J/yK™) [GeV/c?]
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SWNCE 185,

. H - 8
e -— -—
Observation of =, 3 o)
Iryu
* Invariant mass of =, -
8| CDF Run Il Preliminary | L~1.9fb
NE 7;_ L L o o] '_
= — ] =
o : yield=17.5+4.3 E Ep Mass
6 -
o M=(5,792.9+2.5)MeV/c” , Theory
= 5;_ = 7 prediction
0 - 3 DO O
*% 4 - 7.8 Significance E submitted to PRL mﬂﬁl‘;‘:‘fm
o = . !
T E CDF % Al
S 2k Lﬂ s preliminary
h =
0? H RN | I ” L |H. ” 1 s7a 576 578 5.8 562 584

5.4 5.6 6.0 6.2 6.4

5.8 . )
M(J.’WE-) [GEV/CZ)] m(Z,) [GeV/c]

m(Z,7) =5792.9 + 2.5 (stat.) + 1.7(syst.) MeV/c?
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SWNCE 185,

Observation of 5, -4 - %

Iryu

« Candidates for =, — =2
— Hadronic decay of &~

| CDF Run Il Preliminary | L~1.9fb"
N.-F"-. 4 " T T | T T T '| T T T [ T T T T T T '| T T ]
kS | i
::} - -]
2 7 ]
w 30 -
= ]
= R i
< i i
T [ ]
@ 1 —
) : H H H H H :
U : | | i L i ] | i | L L i | i L L ] L |

54 56 i 6.0 6.2
M(E;m) [GeV/c?]
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Summary
« Heavy flavor hadron studies in progress at the Tevatron

 CDF and D@ observed X(3872).
— M, =3871.1 + 0.4 MeV/c?
— JPC =1+ and 2 favorable
— Needs more investigation to solve of the mystery of X(3872).

« Negative result for existence of pentaquark ®(1860).

« CDF and D@ observed new b-baryons X, ** and =,
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