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THE 7, MESON

e 1,(1S) is the bb spin singlet pseudoscalar meson ( JZ¢ = 077 )

Liao and Manke, 2002

® MT(IS) - Mnb ~ 40 - 60 MeV Recksiegel and Sumino, 2004
Ebert, Faustov and Galkin 2003
Lengyel et al., 2001
Kniel et al., 2004

Experimental searches

e ALEPH (2002) observed one event with an expected background of one
event in vy — 1), — 6 charged particles

e 1.3 (2004) no evidence for 1, — charged particles
e CLEO (2005) studied T(25) — nyy, T(3S) — nyy: no evidence.
e DELPHI (2006) v~y — 1, — (4,6, 8) charged particles

e CDF Run II dataset, preliminary results
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WHY THE 1, — J/1J /1) DECAY MODE?

Braaten, Fleming and Leibovich, 2001

e It can be “easily” detected by looking at the p "y~ "~ final state

e The process is analogous to the 7. — ¢¢ except that all the masses are rescaled up by a factor.
e The starting point is

lm  Brlm, — J/0J/9] ~ (if

mp—00,Mm. finite my

Brlm — J/¢J/¥] (gy
Brine — ¢¢) my

Brodsky and Lepage, 1981
and so

T~ 1072

using Brine — ¢¢] =7 x 107%,1072 <z <1

Brlm, — J/J /] =7 x 1074+

Brin, — J/pJ /b — ] =3 x 1070+

Using o () = 0.124 pb at Tevatron’s energy and for a £ = 100 pb~!, the expected number of
events is in the range

30 =+ 3000

without taking into account the allowed rapidity interval, acceptance and efficiency for detecting
J/b — .
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IS THE Br|n, — J/v¢J/1y]| SO LARGE ?

Maltoni and Polosa, 2004
Jia, 2006

In NRQCD TI'[(n.) — VV] = 0 at LO in a; and v2. Rescaling non-perturbative and higher order
contributions by the same factor is not reliable.

A direct calculation, at LO, of the inclusive process has been done

Brin, — céce] = 1.8753 x 107°

The larger value is smaller than the lower value estimated by scaling law for the exclusive process:

Brln, — J/pJ/] =7 x 1077
Moreover, a direct calculation of the exclusive process by color-singlet model, gives

These results suggest to study other decay channels to detect 7,
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Maltoni and Polosa, 2004

They evaluated

Br(n, — ceX] ~ Brn, — ceg] = 1.5705 %

and assumed

Brin, — DY D®] < Brn, — ceX]
\U/ Br[ny— D*D*|~0
107 < Brlp, — DD*] <1072

This saturation assumption is questionable Jia, 2006

Br(n, — DD*] ~ 1077
Br[n, — D*D*] ~ 10°°
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ny — D*D(DD*) — J/pJ [y

P.S., 2007
We take into account all the previous considerations:
a) Br(n, — DD*| ~ 107 = 1072
b) Brn, — D*D*|<Br[n, — DD"]
and we will consider the effect of D D* — .J /1) .J /1) rescattering
J/P(ps, €3)
D(p.1) J /P (ps, €3) D (p1)
o (P)
> Y D(k), D*(k, )
L W(p% 6‘2) >
D*(p2, €2) J /P (pa; €4) J /¥ (pa, €4)
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PS., 2007
We will neglect the dispersive contribution and we shall evaluate

T/bpses) |

A[nb - J/@DJ/@/J] = 4+ 1 Abs D(k), D*(k,<)
D*(p2, &2
T/ (1 €1) PN
_ ¢ a, B _*7 _x0
~ Gy JJ Eapys P3P4E3 €4

My
J/¥(pa, €4)

9n,s7 could be obtained by evaluating the 7, — J/v.J/ rate (NRQCD, quark models, etc.)
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P.S., 2007

J/d)(p&a 53)

—

J/¢(P3, 53)

Alny — J/ /Y] = + 1 Abs

D(k), D*(k, )

D*(pa, €2)

J/P(ps,€4) J/(ps; €4)

From the optical theorem -

J/P(ps; €3) |

—

Abs D(k), D*(k, )

1 tmas S
T dt Alm, — DD*|A|DD* — J/vJ
ST / e, Al 6T

L,

J/(ps; €4)

D(p1) J/(ps3, €3)

D(k), D*(k, €)

D*(pa, e2)

D*(pa, €2) J/(pas €4)
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P.S., 2007

B T/bsmes) |
Abs D(k), D*(k, ) 1 tmaz - .
= dt Alny — DD*|A[DD* — J/vJ /[
S2ry, 5 J, . A JA| [T /)
J/¢(P4,€4)

Alm(p) — D(p1) D*(pa, €2)] = 2 gy,p0+ (€3°D)

D*(p2, €2)

D(Pl) F\J/’(/’(P& €3)

> -

T These couplings are relevant to the calculation of
the o(.J/1) @ — D) D()): the “standard” mech-
anism of .J/1 suppression in heavy ion collision.
However, the /v suppression is also an indica-
tion of the quark-gluon plasma formation.

KL// Matsui and Satz, 86

_ g -
D*(p2, €2) J/P(pa, €4)

Y D(k), D*(k,¢)
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P.S., 2007

D(p1) J/¢Ep3,€3)

T AT m?
D)
g * *
JD*D™) a9y

1 D(k), D*(k,¢)

2 2
g ()w
JD*D AZ — ¢t

>

»

W(p;, €2) J/v Ep4, €4)

Off-shellness of the exchanged charmed mesons is taken into account by writing the couplings as
functions of the variable t = k% = (p; — p3)?.

There are many calculations of these couplings and of their dependence on the variable t
Deandrea, Nardulli and Polosa, 2003
Ivanov, Korner and P.S., 2004
Matheus, et al., 2005

We use
(97DDs 95DD*, 9sp*D+) = (6,12,6)

‘We choose the function
2 2
— My

A2 —t
to parametrize the t-dependance. A is a free parameter which should not be far from the value of
the D*) mass. Following ( H. Y Cheng , Chua and Soni, 2004) we put

F(t) =

A =mpe +Agep o Agep =0.22GeV and a =22
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PS., 2007
Taking into account the Long Distance (rescattering) contribution, the amplitude can be written as

J/(ps; €3) |

Alny — J/J[Y] = + 12 Abs D(k), D* (K, )
J /v (pa,€4) e J /% (pa, €4)
o g?’]bJJ o ﬁ *7Y x§ g’m,DD*A o g’l]bJJ o ﬂ *7Y %4 N
= Eapys P3Py€3 €4 |1+ ———Arp| =1 Eapys P3Py €3 €4 [1 — 1]
b Ined J My,
where
2 R—
ganD*) o Brim — DD _5 -2
€ [107°,10
< dmrs ) " Brln, — 770 T0lsp < |
DD*
1< YmyDD* < 35
9nyJJ
031 +£006<r<10+2 with 2.0 < a <24
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Assuming that (Jia)
Br(n, — J/J/)sp = 2.471% x 107°,

we identify two possible scenarios:

1°: Brn, — D D*] ~ 107> => Negligible FSI
2°: 107 < Br[n, — D D*] < 1072 => Large FSI

P.S., 2007

Brin, — J/vJ/Vlsp | Brimy — J/J /Y] pan | # Events | # at Tevatron | # at LHC
BFL 7 x 1074+ 677 + 67700 4 =+ 400
J (0.5+6.6) x 1078 0.05+0.6 | 0.0003 = 0.004 0.5+6
this work | (0.5 +6.6) x 108 | (0.28 = 6.7) x 10~6 3+ 65 0.02+04 | 26640
we used
TEVATRON(RunlI) a(my) = 2.5 ub L=11f"1 rapidity interval ==+ 0.6
LHC o(ny) = 15 ub £ =300fb"! rapidity interval = 4 0.6

and a 10% of the product of acceptance and efficiency for detecting each J/¢ — p*tp~

Hadron 07

Pietro Santorelli




CDF PRELIMINARY RESULTS

CDF Coll., public note 8448, June 2006

CDF searched for 1 through 7, — .J/1.J /1) with both .J /4 decay into a dimuon pair. Using 1.1 fb*
data they observed 3 candidates while expecting 3.6 background events in the search window from

9.0 t0 9.5 GeV.
3’ r
= [ CDF Il Preliminary 1.1 fb
T My
g [
g2
i Search window
L “«—
11—
s Al P L
8.5 9 9.5 10
Jihydly Mass (GeV)
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SUMMARY AND CONCLUSIONS

e We have studied the role of the DD* — .J/1.J /1 rescattering in the
m — J/VJ /.

e We have shown that this Long Distance contribution may enhance the
branching fraction of about two orders of magnitude.

e Experimental results together with this calculation can be used to put phe-
nomenological constraints on the hadronic quantities: gy pe and g,, pp-.
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J/(ps, €3)

R —

Abs

D(k), D*(k, )

N

J/(pas €4)

1

tm
_ : / dt A(, — DDF)A(DD* — J /1)
167 my, /m2, — am? It
_ !YnDD- 5a676p3p4 helesd / gJDD* (t) "
— m myy(m

2
16mmy, «/m 4mj/w (m3 4mJ/w)

{29000 | (m% B+ (2, — 2m — 2m3 )t + ]

gsp+p~(t)
2B ) (i — )Py + ) = 2y 2y ) ) (2o — i ]|

Arp 8«
R PET)
9ny, DD* Zea,@’yépgp4e3 €4
mnb

[tm, tar] = [—60, —0.6] GeV?

* «p+x) = (6,12,6
(gJDD7 §spD*> §JD*D ) ( e ) M. Ivanov, Korner, P.S., 2004

Matheus et al., 2005
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