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Motivation for Pentaguark Search

« 5 quark state predicted by
« Diakonov, Petrov,

Polyakov(1997): o .
. SAPHIR ..
* 4 quarks+ 1 antiquark e |
« Q+:uudds(bar) CLAss .
e Mass ~ 1530 MeV/c2 DIANA _*E_
« Width~ 15 MeV/c2 s HERMES
« Decays equally to nK+ and pKO —0— | o
— 00— Asratyan et al.
O COSY-TOF
o ZEUS

1 1 1 1 | 1 1 1 1 | 1 1 1 1 i 1 1 1 1 | 1 1 1 1 | 1 1 1 1
1510 1520 1530 1540 1550 1560 1570

Mg (MeV)

10 experiments report evidence

3 experiments report no observation
(HERA-B, PHENIX, BES)
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Motivation for forming a PQ Task Force

e H1 claimed to have found a peak and
interpreted it asthe © ( 3099) state

40
-looked into the D*p decay channel i

-anarrow resonance in D*p mass
combination is observed

-mass of 3099+/-3(stat.)+/-5(syst.) MeV

-a measur ed Gaussian width of 12+/-3
(stat.) MeV

30

* A CDF pentaquark task forcewas
formed to do comprehensive
pentaquark states search after 4
simultaneous sear ch

presentationsby Y.S. Chung, K.

Rinnert, Ming-Jer Wang, D. 10
Litvintsev of this state on 15-Mar -

2004 at the B hadronic meeting

20

Entries per 10 MeV

e Two sear ches have been performed by

H1
¢ Dp+Dp

— Signal + by, fit
== Bg. onlyfit

E.Gerchtein, D. Litvintsev, F. Curbis, 0 '
and R. Oldeman befor e this CDF task 3
for ce was for med
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Pentaquar k Searcheswith CDF Detector

Search M odes: large radius time of flight
tracking wire (TOF)

« ©OC°
L D* *p(bar)
L D°r*
L K™mt”
¢« O = Ks’p

N [

[1]

b =
N

-
Am
L TP .

silicon vertex
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General Search Strategy

Unknown factors about Pentaquarks @ pp Collider & sgrt(s) =1.96 TeV:
- Production cross section? -> Which PQ is the best to look for?
- Production mechanism? -> Which data set is the best to use?
- Decay properties? -> Which kinematic region is the best to look for?
Difficulty in Reconstruction:
- High track multiplicities -> Large combinatory
background! -> Do we have the sensitivity in searching for PQ?
General Search Strategy:
-> Start with claimed PQ’s
-> Choose all possible data sets for each search
-> Select known resonances with similar decay products and multiplicity
-> Use these known resonances as guidelines for PQ search
- Advantages:
- A quick starting point for selection cuts
- Make sure we are able to reconstruct & see the known resonances
- We could calculate the relative yields
- Limitations:
- We did not exhaust the search for all the kinematic regions
- The cuts are not optimized for the PQ search
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®c’search: Strategy & Samples
Data Sample

CDF II Detector at Fermilab
> pp collisions, Vs = 1.96 TeV
# Integrated Luminosity ~ 240 ph~?
~ lse Two Track Trigger sample

v 2 oppositely-charged tracks with impact parameter:> Q.01 2cm
v We have about 3 million of DO->K-x* reconstructed events

Search Mode Calibration Mode
Oc® =0+ p+ c.c.  Dil2420),0*:(2460)—=0D*"n"+cC,
Ox*— [0+ C.
0% —K - xw*

D**—D "
0% —K x*
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®c’search: D & D* reconstructions

0 - o+ + 0 -+
D°—K™n D**— D°r
| _CDF Run Il Preliminary_ | L=240pb" |_CDF Run Il Preliminary | L=240pb"”
S| e~ ] Lsewp T T
> 5 0 ialdn - iald= ]
g [ D" yield~3M 230000:_ yield=536604+860 E
S 15000 Z 25000 E
- : Z - ]
> | 20000 &
10000[ 15000 - =
i 10000 - .
5000f 5000 E
_ ] 0’420 0.142 0144 0146 0.186 0.150 0.152 0.154
c b b e T L 0 0 2
P65 Ts im im6 187 188 18 190 M(D =*)-M(D") [GeVicT]
- 2 . .
M(K =) [GeVic] Pion passall tracking cuts
K and & passall tracking cuts Pt(n) > 400 MeV

K and = form a good vertex D® and pion form a good vertex

with vertex x2 < 30 with vertex 2 < 30
N(D°) ~3 M events 1.845< M(D?®) <1.885 GeV/c?

6(D°) ~8 MeV/c? N(D*) ~0.5 M events,

__g(D¥) ~12MeV /c?
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®c’search: D1 & D2 reconstructions

D1(2420) & D2+ (2460)

Beference signal

__CDF Run i Preliminary |

4"]_ | - ]
, D Yield=uTm Pion pass all tracking cuts

Pt{m) > 500D MeV/c

. D+ and pion form a good vertex

2000l ) | with vertex 2 <30

D1,De*—D*"x 143.6 <M(D+)-M(D®) <147.2 MeV/c:

N/ 5 MeVic?
L4

ol ol d | N(D1(2420), D2:(2460)) ~ 19k evenis
0.2 0.3 0.4 05 06 0.7

M(D** 7t 7)- M(D**) [GeV/c2]
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®c’search: Proton Pt Distribution

®.° Monte Carlo
Input Parameters

> M=3.1 Gev/c? g e ey

i._‘l_
= I=0.0 MeV/c? 3 ﬁ:t Sooks Carle
Sero Width MC Mass 9 ::
Resolution ~ 2.5 MeV/c? z 140 |
= should be able 10 resolve ©c° :ﬂ proton
that H1 claims 8ol
60 N
gy ¥ g e :— 1 L1 ]
5-..’:- 0 . Monts Cario % Z 4 & B 10 12
~ ': p-(p) [GeVic]
z R )
. O TOF |*
% - 0 dEdX
. | e, 2.75 GeV/C
nl.l | d & 8 % 12 14 18 .1I. 0
PTIF}r] [GeVic]
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®c’search: Proton |dentification

Proton PID — TOF and dEdX

:J - :j o | i
) :NRER!
__:ij .1:._ TOF “:1; ______ J: \“_ | “JJ[L,_ :::: dEdX

-d i
o 1 1 1 H
j | — 181 s .
- 1 - | L | .1
iq 0 I = 1
'L-- s i 1 H Y
1 T -IJh i 8 0w -‘ll- AL il ¥ L
el N R R I R R g
db g it B il

PID studies with D=, A, and Ks

TOF : >2c separation between protons and pions p<~2.75 GeV/c
dEdx : >1.3c separation between protons and pions p>~2.75 GeV/c
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®c’search: D*p Mass Spectrum

Dxproton mass — No PID

B R B Pesiai —
I . nary . pb
2
$
~ 600
z

m .

2001 -

' 3.0 ::1 3z gl.a

S, [GeVic
M(D°p)

»Proton pass all tracking cuts
=Pt{proton) » 500 MeV/c
=D+ and proton form a good vertex with

vertex 2 < 30
=142 5 <MD=)-M(D*) < 1485 MeV/c
#No PID cut
2004/7/21 PENTAQUARKO04,

Event Yield @ 90% CL

|_COF Run i Preliminary |
180} '

1601
140}
1200
100
BOD
601
40
20l

0 —— e B

3.00 3.05 3.10 315 320

M( D""E} [GeVic’]

For M=3.099 GeV/c,
<29 events for T=0.0 MeV/c2 @90% C.L.

A4 events for T=12.0 MeV/c2 @90% C.L,
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®c’search: D*p Mass Spectrum

r Dxproton mass with TOF

. suj. COF Run m.mm | | L=240pb " ~ o R B
> | 3 | 1
= | E: "L w12 mevie? :
| GO .
z Y ®
- |
5 a0f E
»=
20| 1 g 30
10 i
“ M, 33 T 3,05 310 315 320
M(D 'p) [GeVic’) M(D p) [GeVic]
=Proton pass all tracking cuts
=05 GeV/c < Pi{proton) <2.75 GeV/c For M=3.099 GeV/c2,
»D+ and proton form a good vertex with {12 events for I'=0.0 MeV/c? @90% C.L.
vertex ¢ < 3 <25 events for [=12.0 MeV/cz @90% C.L.

=142 .5 <M(D=)(D*) < 1485 Me¥/c
= TOF : {measured—expected)/emor <2.0
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®c’search: D*p Mass Spectrum

D*proton mass with dedX

o ERELDR __L=240pb” | GOF Run § Proliminary |
> E 100}
» i
% W_ & . F=12 MeVic®
z ool g ' o a
g B0 r=0 MeVie?
m E i
40
(77 ]
20%- Fii] 8
0 30 31 32 34 Y TR Y T 310 318 120
H{DHE} [GeVic’] M(D p) [GeVic']
»Proton pass all tracking cuts
-2 75 GeV/c < Pt{proton) For M=3.099 GeV/c?,
=D+ and proton form a good vertex with <1Q events for T'=0.0 kel c? @'QD% C.L.
vertex ¢ < 30 30 events for T'=12.0 MeVic2 @90% C.L.

1425 <MD+ )-M(D") < 148.5 MeV/c2
= dEd¥ : {(measured—expected)/emor <1.3
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Summary of ®c’search

» Reference signals D** are clearly reconstructed
- with 14.7 K events

- the combinatory BKG underneath islarge
« PID are used for the proton

« With the selection cutsfor D** & PID for proton,
no evidence was found for ®c¢°

» Need more inputs from theorists on both the
production mechanism & decay properties in order
to design ®c’-specific cuts
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®* Search: Strategy & Samples

0 . CDF Run Il preliminary 180 pb”
pKS_}pn n ““ N 0y _ minbias data
S (K2) =( 667+ 1)x10°
. 2 60000
K° / 5. | Fi
e B« - & 50000 ;
\E— ’i ' K S
£ 40000
1]
p
30000
Two energy ranges:
gy g 20000}
« minbias! 23£10° events
10000}
« jet20! 16£10° events
04 045 05 055 06
m( ) (GeV/e®)

to remove A — pr: m(np) and m(pm), 1.13 GeV
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®* Search: Proton ID with TOF

CDF Run Il preliminary 180 pb’

114k minbias data

09}

= V/C

08}
0.7} N s

06 |

measured velocity [

05

04t

0 05 1 15 2 25
measured total momentum p (GeV/c)

|
|
|
|
:
|
3
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®* Search: Known Resonances

b KK A1520) = pK K K

] COF Run i prelimi 180 pb '
. COF Run 1l pretiminary 180 pb 8, il "’ p!:____. COF Run Il preliminary 180 pb '
i mintws data i ~aat. ; el e md miablas dala
e | l
Em \ i i‘m ) -y \-n n= 15685+ 775
| e : " | : m = 8530409 MaV
§ o meloA00MeV | § o "L‘Hq’ ; i 5000 “'\ o= 5.5:0.0 MeV
& 3000 || 01500 E b "}")‘ B I =56.5¢3.9 MeV
V| A . oy el T
N ||| Qo charge 0 it I
| ma15196 06 MeV | |
| } \ | Samecharge | seop se2:00MeY | 2000
1000, e ————— i [ =136 +1.8 MeV |
| 1 200 | Findl= 151161 - 1000 y
U| e TIEF PR e it ? Uit '5 errirdvrrriisrart e i e i'i ': fils i .
0.95 1 1.05 1.1 1.18 4145 15 155 16 165 17 175 18 06 08 1 12 14 16 13 2
m{K 'K} (GeVich) mipK , K"} (Gevic’) m{ k) (GaViE)

Acceptance limited by TOF cuts: (determined with MC)
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®* Search: Mass Resolutions

-~ 6
L
=> .{K”
i . |
c
o
5
3 4L E ..u..
0 K
3 |
SR
;  ©(1540)
2l A(1520).
. R
1
0 ; L | . | , i . i
0 50 100 150 200 250 300
mass ditference (MeV/c’)
2004/7/21

5(©*)<3MeV,
compare with 15MeV expected width

MC resolution validated with K’
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Entries per 2 MeV/c®

2004/7/21

180F
160}
140
120}

100}
60}

20/

®* Search: pKY

U minblas data

i a ke i

COF Run |l preliminary 180 pb™

!

| ]
15 15 16 1865

1.7

m(pK .,pK3) (GeVic’)

Mass Spectrum

D] .[I i I i i i :I
14 145 15 155 16 165 1.7

... GOF Hun li prstiminaty 180 pb”
Jet20 data | |

m(pK 5,pK2) (GeVic’)

No evidence of narrow resonance
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Summary of ®* search

* Referencesignals K*+, A (1520), ®© areclearly
reconstructed

-we have sensitivity to these known resonances
-the combinatory BKGs underneath are large
* TOF Isused for the proton ID

 With the present selection cuts, no evidence was
found for ©*

» Need more inputs from theorists on both the
production mechanism & decay properties in order
to do further search
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HzpSearch : Strategy & Samples

e Displaced track trigger data - large hadronic sample enriched

with charm and bottom
QCD inclusive jet data with E; > 20 GeV threshold - smaller,

trigger unbiased sample.
o.¥ = 220pb!
e Decay modes -; gﬁ S E2ah = B ET

o Awell established J© =3 /2" resonance £(1530)° — E~ 7" can
serve as a calibrating signal

M, (E(1530)°) = 1531.80+0.32 MeV/c’
[(£(1530)°) = 9.140.5 MeV/c’

e A novel tracking technique of a long lived cascade hyperon =
in the CDF Si vertex detector

_improved momentum and vertex resolution
_significant reduction of combinatorial background
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Hs2Search : & reconstruction

VERTEX_1

‘.
FEIMARY VERTEX

e £~ — AT reconstruction.
o Fit a vertex formed by A® — p~

e Fit AY and 71~ to a common vertex

e =~ is a long lived particle (cT = 4.91 cm) and it makes hits in Si
Detector. £ 4-momentum and its decay vertex are used to seed
specialized silicon tracking.

e = s produced by this specialized tracking have very low back-
ground and greatly improved momentum and vertex resolution.
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Ha2Search . B Mass Spectra

Cascade reconstructed with specialized silicon tracking

| CDF Run Il Preliminary | | CDF Runll Preliminary |
"‘u Tttt rn "‘u r— . T
- i AT - i -1 -
%Elﬂﬂl.— ngguph"' . | A % - L-220pb AL |
Art ] E track found in SVX
E ~ £ track found in SVX E 10001~ A’ 7
~canal N=36,000 ] ~
Z 6000} 0 . >
L _' '
etlml_ ] 500} -
2000 El) i
‘Fz-!l 1% 32 13 T® i3 % 13 0L : e
' ' 1.25 130 138 1.40
M(Ar) [GeVic)] M(AT) [GeVic

a) Displaced Track Trigger sample

b) Inclusive Jet Trigger sample
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= ..Search : Two-Track Trigger

e Invariant mass spectra
M(E_Ei)  CDF Runll Preliminary |
o fit function Z% @ ¥ % ‘5“"-"""4""'_“"""L';zgt.'ﬁ'tf,:“;“;;“_
D - Bt = track found in 1
o[, .=9.1MeV/c’ = | - i
® 0. =5.840.5MeV/c? S o
o N(Z(1530)) = o/
2,182+92 :
-M(E(ISSO)) = i ]
1}5320:|:0.5MEV/C2 08 75 16 17 18 19 2 21 22
M(=n) [GeVic?]
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= ..Search : Two-Track Trigger

Separately Z 7" and E "

| CDFRunl Preliminary |

| CDFRunl Preliminary |
a1 o

= 1500 Frrrr—rrr T L T
S | L-220 pb” S L-220 pb’
2 | E track found in SVX % £ track found in SVX
| =(1860Y — .
Enm_ ) g 1000 =(1860)
= i =
500|- 500|
Q.d 1:5 1.Iﬁ 1.IT 1.IB 1:!-] :.I’ 21 2:2 qlil 1:5 1.Iﬁ 1.IT 1.IB 1:9 2 21 2:2
M(Z1¥) [GeVic?] M(Z) [GeVic]]
Channel # of events UL 90 % CL UL 95 9% CL
=t 57451 126 144
DN -544-47 51 63
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= ,.Search : Inclusive Jet Trigger

. Invariant mass spectra

M(E_Ei) | CDF Run |l Preliminary |

fit function Z# @9 | % T L S mekremam et -

T =01Mev/e |2 | = ;

0, = 58 4|37 - l ’

0.5MeV /c? [ foy :

N(E(1530)) =3874+34 | 1o} | X

M(E(1530)) = / |

1,532.3£0.38 MW/‘J2 Y B R a T
M(Zm) [GeV/e’]
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= ., Search : Inclusive Jet Trigger

N /10 MeV/c?

Separately = " and =7
CDF Run Il Preliminary | | CDF Runll Preliminary |
| K = T
m;‘ =(1860) E § anal )
200 =
: < 1m0l
150[- :
100f- 1m:—
5u;- 5“:-
Y Y S T T R YRy BT Y (a5 95 97 i3 95 2o 2a 22
ET) [GeVic]] M(ZT) [GeVic?]
‘Channel # of events UL 90 % CL UL 95 % CL
Ent 14419 25 30
=T -4+18 28 33
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Summary of & Search

*Reference signal =(1530) Is clearly reconstructed in
both data sets
*With the present selection cuts, no evidence was

found for E,,
*Need more inputs from theorists on both the
production mechanism & decay properties
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« PQ(uudcc) -> JPs proton
* PQ(uudsC) -> Ds- proton
« PQ(uuudc) -> DO proton
 PQ(uuddc) -> D- proton
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Summary & Outlook

« CDF Collaboration have searched for
Oc’, 0, E,, states

« With no application of knowledge for pentaguark
production mechanisms and decay propertiesin
all analyses, no evidences of these states have
been found

* Wearevigoroudly searching for another 4
pentaquark states

2004/7/21 PENTAQUARKO04, Ming-Jer Wang 31



