


Challenges from charmonium-like states

Quark model works pretty well so far

however, it is challenged by newly discovered charmonium-like states

these states are called X/Y/Z

Outline
CDF experimental aspects
CDF contributions to X/Y/Z before Y(4140)

CDF new contribution to X/Y/Z: Y(4140) =»//V®



Strong Points

Heavy hadrons at Tevatron are:

e copiously produced

e boosted
--vertex separation
--boost low p, daughters

CDF has:

e excellent mass resolution
e excellent vertex resolution
e reasonable hadron PID

for CDF



CDF detector

Steel Slab

* Muon: u ID
« ToF: TOF

* COT: track p
dEdx

e Silicon: track p
vertex



CDF hadron PID
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CDF recent contributions to Quarkonium Physics

PRL 93, 072001 (2004),
First confirmation of X(3872), first J'¢ determination
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Upper limit for light dimuon resonance

«10° CDF Il 630 b’

Most precise mass measurement of X(3872): PRL, 103, 152001 (2009)

m(X(3872)) =3871.61 + 0.16 (stat) + 0.19 (syst) MeV/c?

What is new from CDF?
More unexplained states (cc+light quark pair) after X(3872) have been observed,

no (cc+heavy quark pair) reported before CDF’s Y(4140) =]/y¢
PRL 102, 242002 (2009)



Why search for J/Y®?

* Possibilities of four-quark states, hybrid etc have been proposed

J/ vo

e extends to heavy quark

e reaches for four-quark states

e reaches for hybrid

e reaches for other possibilities such as nuclear-bound states etc.

Search through exclusive B decays is experimentally more promising
B=»]/WY®K decays have been observed
No structure has been reported so far



Analysis strategy

* [) Reconstruct B as:

B*— J/wg K*

JY—=uw
d—K' K

° ][) Search for structure in J/1y¢ mass spectrum inside B™ mass window

primary secondary
vertex vertex

..Ln

I

Vertex separation

Search?

B—i—

Particle Identification



I) Reconstruct B*—]/y¢K*



The key to reconstruct B signal

Before L, >500 um, kaon PID>0.2 After L, >500 um, kaon PID>0.2

CDF II 2.7 fb" CDF II 2.7 fb!

"0 70000~ o 4

E600005— 2 5

"\‘;500005— with typical cuts 9 25-

%40000;— for B hadron at CDF% 20"

T 30000 O 153_

€ 20000- 2 100

© - © 10;_

O 10000 O 5 L
a | | 1 | 1 - 1 | 1 STl )

§22 524 526 528 530 532 534 22 524 526 528 53 532 5.34

Hard to see B signal without L,, and kaon PID

Reduce background by a factor of 20 000 by using L, and kaon PID cuts
while keeping about Z0% of signal as estimated by control channels.
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Candidates/5 MeV/c?

Applying L, and kaon PID

-1
40SJDF Il 2.7 fb
350 Gaussian function

= mean fixed to PDG
30 rms fixed to resolution (5.9 MeV)
25— 7510
20—
15— define =30 as B* signal region
105_ (17.7 MeV obtained from MC)

5 . . | Purity ~80% in B* region

- ! | WMW

922 524 526 528 532 534

MoK (GeV/c?)

Kaon PID reduce background by a factor of ~100
clear B*—=J/y¢K™ signal

Is ¢ pure?
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Verify B*—J/w¢K*

* Investigate components of B* peak
2.7 fb™

W
o

--relax K+K- mass window to:
[1.0,1.04] MeV
--do B* sideband subtraction for K*K

N
O,

; o,

III.III[IIIII’IIII|[III]I[II]I[IIO

o * (w)
g i
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N

N
o

--fit to sideband subtracted K*K mass

Candidates/2 MeV/c?
S o

» A P-wave relativistic BW only fit to
data with y? probability 28%, no
evidence for f,—K*K or K*K" phase space
components with our ¢ mass window

o

1 .63 1.04
M, (GeV/c?)

Conclusion
pure B*—]/y¢K* for B* peak
negligible B*—]/vyf ,K*, ]/yWK*K K* components
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I1) Search for structures in
/Y ¢ spectrum from B



m2(o K*) (GeVZc?)

Investigate J/1y¢ mass spectrum in MC

e MC simulated phase space, full detector simulation

CDF Il Monte Carlo CDF Il Monte Carlo
5.0 No C
ool 3 P
Jl: = 400 HH“ wﬁ%ﬁ%
40 e 4 it
3.50 @ 300 ﬁ Hy
- S 200+ !
3.0 O :% i}
- 'g ¥ i
2.50 S 100
204 18 20 22 24 20 12 14 16 1.8
m2(JIyo) (GeV?/c?) AM (GeV/c?)

AM=m(y*wK*K)-m(u* )
* MC events smoothly distributed in Dalitz plot

e No artifacts in the |/1y¢ mass spectrum
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Investigate J/y¢ mass spectrum in MC

» We simulate generic B hadron decays with a |/ in the final state and

we identified a contamination channel: B,—Y(2S)¢, Y (2S)—] /ym*w
PRL. 96, 231801 (2006)

(B.—y(2S5)¢, Y(2S)—]/ yrtn) —>B*—]/y¢K* due to kaon mis-identification

CDF Il Monte Carlo

* Bs contamination at AM>1.56 GeV,

cut it off for simplification
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20 times Luminosity of data s



m2(0 K*) (GeVZc?)

Search for structures in J/1y¢ mass--Data

-1 -1
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Three-body Phase Space Background shape is different from data

An near threshold enhancement is observed
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Candidates/10 MeV/c?
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Candidates/10 MeV/c?

Robustness test

° N £ » o
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1| 102104106108 11 112114116
AM (GeV/c) B P .
CDF Il Preliminary, 2.7 fb™ AM=m(u' wK*K)-m(u* i)

3 p(vertex-)’)>10* « Extensive cross checks by varying
- silicon hits=3

——

CDF II 2.7 fb™ CDF Il 2.7 fb™
N —
= S12-
- >
s Default cuts P ny 100um
o
nw
o e 9 6h
3
T '_a 4
C ++ + O +
IIIII III]III[lllIIIIIIIIIIIIIIIIIII
01 1.021.04 1.06 1.08 1.1 1.121.14 1.16

AM (GeVI/c?)

N
|

L,, kaon PID, B* mass window,

- <+ vertex probability, # of silicon hits,...

_ + + ++ + M‘d, Robust against variations

, L +—— More signal but with more background
171.021.041.06 1.08 1.1 112114116
AM (GeV/c?)

o N =) N (o]
T |
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Search for structures in J/1y¢ mass--Data

» We model the Signal (S) and Background (B) as:
S: S-wave relativistic Breit-Wigner  B: Three-body decay Phase Space

CDF Il 2.7 fb"
Yield =14+5
B i Convoluted with resolution
l Am =1046.3+2.9 (stat) MeV/c (1.7 MeV)
| Width=11.7*%3 ., (stat) MeV
Mass=:

4143.0 = 2.9 (stat)+ 1.2 (syst) MeV/c?
(adding ] /1) mass)

Candidates/10 MeV/c?
© a N W A (1 O N OO O

W\_ T [ WH [
LD n bl 'I'UL_QQQJJILJ
1 1.1 1.2 14 1.5 5
AM=m(u+u'K+K')-m(y M) AM (GGV/C )

J( -2log(L,,../L,))=5.3, need Toy MC to determine significance for low statistics
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Significance study

» We determine significance from simulation (Toy MC):
--Generate Am spectrum using Phase Space

--Find most significant fluctuation for each trial anywhere with floating width

--Count it if -2log(L,,,/L,) (-24In) > -2Aln value in data

2 PDF
: - nf2—1_-—z/2
| _myToyLocal2LLratio | E:ﬂﬂt:;:;;ﬂg; | myToyLocal2LLratio | , . z ¢
- Mean 5.471 - f zin)= o/ 2T 0 79y ~
35000} RMS 3.175 3 10* L' Fl\ n/z)
300001 3 10°
: - - 'l n = 2
wof | (3-1 million total trials) ;1
- u 10
20000 1 1:: < Tu <
™~
15000 | 10" N g
10000: -ZA In 17
- 10°
5000 = et
0: T T T T T TV T T W A B 10.5 L L
10 20 30 40 50 60 70 80 90 100 10 15 20 25 30 35
2Ionga‘/Lo (Toy MC) s

P-value: 9.3X10°, corresponding to 4.30 P-value from x? PDF: 6.5X10, 4.30

Most conservative: Phase Space and flat for non-B background, 3.80 o



Whatis it?

Charmonium Spectrum

T ‘ = < Y(4140)
= » Well above
3900 . e DD+ DD charm pair threshold
< 70T s e Expect tiny BF to | /¢
E ol =
é _ — e Does not
3300~ fit into charmonium
e = e Close J/y¢ threshold
o | like Y(3940)
Tt Tt Tt 2t s
£ cicrten Fermit - Wine and Cheese - Oct. 13, 2006 1. Many potential explanations

Increased B yield by 50-60% by adding more data (up to 5.1 fb™')
and adding events from an additional trigger, cuts unchanged
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Opportunities

« Determine JF¢ (C=+)? Need statistics

--increase efficiency, reduce background
--add more data, = 50
--investigate efficiencies against angles?

e More channels for this structure?
--open charm pair?

Note: Search for potential additional structures?
B* —ppK*, B,—~]/ ...
Y(nS)g, ...
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g 3,000

5 2,500

aQ

£ 2,000
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1,000

500
0
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/

/
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_.,.-P"/

-2602 2003 2004 2005 2006 2007 2008 2009 2010
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Candidates/10 MeV/c?

9 ?DF I 2.7 fb™
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51

ar

3F

2F

1E H
04 1.4 15

AM (GeV/c?)
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Summary

CDF has been active in Quarkonium studies

--The first confirmation of X(3872)
--The determination of JPC, most precise mass measurement

CDF observes a new structure in J/¢ spectrum

Mass =4143.0 2.9 (stat)+ 1.2 (syst)  MeV/c?
Width = 11.7 *%7 . , (stat) = 3.7(syst) MeV

JFC=2°*  tentatively name it as Y(4140)
B+ —>Y(4140)K*, Y(4140)—>J/1wd) BF estimation: ~(9+3.4(stat)22.9(BF))X10-

About 10fb to be recorded by CDF by the end of 2011

Stay tuned!
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entries/ 8.3 MeV/c?

entries/ 2.5 MeV/c?

CDF Run Il Preliminary Data up to August 2004

4

P PP | NI P |

N N
24 25 26 27 28 29 3 31 3.2

Backup 1

J/y—ee is difficult

but not impossible

Trigger is gone &

2 23
m(e* &) GeV/c’
A + . 3000 g
CDF Run Il Preliminary based on ~ 540,000 J/' > e e CDF 1) 1400 220fb-1

- 13001

C N(¥) ~ 1840 ]
500 N{*P'}: 1840 (constraints from case: JI'¥ — p'1) SR 12001 W m W

- N(X) ~ 120 _ . "o 11001 } + i 1 {i
4000 N(X) = 140 (constraints from case: J/'¥ - p ) % 2000- 1000-

C = +

5 (7] t 9001
3001 j % 15001 3.80 385, 3.90 3.95

-1 1 S af A

.l.

200W £ 100077 |8 e,

C o + R o e > £
100 500] &w%

- - — 12

s ?‘J M) > 0.5 GeVig2 M) < 0.5 GeVie

Pe5—
m(e*e'n’n')GeWcz o+r—r—r—r7Tr—r—V—r 7 rrrr 7 rrr oY
3.65 3.70 3.75 3.80 3.85 3.90 3.95 4.00

Jiyr*tn Mass (GeV/c)
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Backup 2

o
©

o
o

0.6

0.5

Projection of pdfY

0.4

0.3

0.2

0.1

PDF for Y at J/y¢ Threshol

_ﬁ&im:lfor X(4160)

0.0

4.0 45
mass GeV/c?

d

Not close from the PDF comparison although they both have C=+

X(4160)—D*D*
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Candidates/5 MeV/c?

Backup 3

CDF II 2.7 fb™ CDF I 2.7 fb™
F ~ 9¢
- Ok
8c | | S 8¢
7 Q ,E
- I I E -
65 | T l © 6
: -
o3 T | a5 .
4 I I =4 I
3c [ [ S 30 .
Lo g 8 il e
= | i | | H | o =1L T e T .
922 524 526 528 530 532 5.3 1 1.1 1.2 1.3 1.4 1.5
m,, .« (Gevic?) AM (GeV/c?)

AM=m(p' wK*K')-m(u* )
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Candidates/10 MeV/¢

N W A 01 O

CDFII

Backup 4

2.7 fb!

—h

4.2

43 44 45 46
my ., (GeV/c’)
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Tevatron

Luminosity projection curves for Run |l

10

today FY10 start

g

i

Results
up to here
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The challenge

e Start with typical requirements for B hadron at CDF:

--p(x2) for B* vertex fit>1% N CDF I 27 fi”
© 70000 T
--pr(track)>0.4 GeV, > 60000=—"""""""
) o ="
-- >=4 r-@ silicon hits u\u-; 500002— BT mass
--py(B*)>4 GeV £ 40000
© -
--mass window: 3 300005_
€ 20000+
I/ (50 MeV) and ¢ (=7 MeV)  § 100005

constrain p'wr to]/y PDG massvalue 9556 528 550 532 534

Mokt (GeV/cY)

* NOT applied yet: L, and kaon PID

Typical hadron collider environment
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Applying ny
e Maximize S/\/[S+B]for B*—]/1y¢K* signal, has nothing to do with J/y¢

* Maximized cuts: L, ,>500 pm, kaon LLR>0.2

CDF II 2.7fp"  +Ly>500 um
% 3505 i
> -
g Wbt T T S
= 250& 1Tk + Lt ++++Jr
@ 200"
— -
g 150 B* mass
S 1005
1) -
O 50
022 524 526 5028 530 532 534

m,, .k (GeVic’)
L,, Reduce background by a factor of ~200 29



Candidates/5 MeV/c?

200

180
160
140
120
100
80
60
40
20

Control channels

 We also reconstruct two control channels with similar cuts:
~3 000 B,—]/vy¢, ~50 000 B*—]/1yK*
before L,,and kaon LLR cuts

e Clean control signals after L,,and kaon LLR cuts
cross check and efficiency evaluation

CDF II 2.7 fb"!

It
B.—]/y¢

' Jo~ 800 events

t
+

-+ *{H@
foig arél® | e nigel e | e

'w+lllllII|III|IIIIIII|II||III|III|II||III| T

ot

357534 5.36 538 5.4 542 5.4
m,,, (GeV/c)

4000-

N
2
3500 .
= 3000 B'—=]/yK*
n = -
2500 n ~21k events
Q =
g 2000- .
51500 .
S1000- . -
(& ] o . e
500" s o
| | |
D22 524 526 5.28 5.32 5.34

m )+ (GeV/cT)
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