Charmonium produc'fwn off nucle: :
jrom SPS 4o RHIC

Boris Kufﬁef:uu;cﬁ,
Hnr-Ffanck*Ihsir‘{uJ 7(.2"?' Kernpﬂjs:k
He; JE?LEF&



Charmonium produc'fwn off nucle: :
jrom SPS 4o RHIC

Boris Kufﬁef:uu;cﬁ,
Hnr-Ffanck*Ihsir‘{uJ 7(.2"?' Kernpﬂjs:k
He; JE?LEF&



f-{m.r Mmon. i mw Squ réess.on as

a probe for LGP

5m s slill H#e wmain source of

Suppression, one afﬂlpe rate fj needs Yo
understand f

Fivrsd n_L,C ﬂ.&?, N pA cobl.song



Nuclear effects at SP S
I, ﬂﬁwF"-lﬂn

e
In:Lal sfafe

‘n ﬁra.:ﬁ.'an ;s assumee

to have no EJ,['FET‘:

| o W,
¥ '-6“1 !d’z)p(i,z;]
Sea = AG, 'ﬁ?i"’ﬂ“'z)e ‘
Spy </

Choes  H:s s:mpfe moolel which wmesses
o ny ;m‘pnrﬁnﬁ e-jfjfem*"s  inoleed
describes date for V' guppression
n F'A c:ﬂﬂ?:.s:c-ns. ?

Cer-'nia.tn_@ not ]

No x -d’:ptudﬂif CS pmﬁ:ﬂ"’ci ‘N
Co L‘lfl‘i‘c‘f{ uu'(‘m@fiﬂ'ﬂiah w;f{ at'n“a.

3




4

g B0 a0 0 20 00
L] 1 T T T w.m
H My <— ¢ + d ABE Q08
E BESNN/9963
1 £0

¥ (EaL3) 0 e

s




2 Farmm-fi:ah wﬂ;mg Ej(-_fe.:':?z_'s

8. K,
&.2ak ha rov
¥ PRDYY (1991) 346

GFEEH .quncf-f-‘oh
€(7,2,;7, 2.)

Describes Hhe Prnpn(?n\éan of a cc painr
with nifal separa¥-ion 7, af Y &:nﬁ;fuafrmc’
coordinate z, wp to the final 7 af z,

G4 :Er-ilfﬂf Eneqj n:c 'JV He Eéﬁﬂr‘f?}énh
eross Sttfr-:ﬂn é.j;ecffr FE_) vardie 5

between ,
6oy, <Geq ()
¢ <6, (>

= 3 5 wh

Gegy =
,..E.GIF" Tf-'l"a, Eﬂ.r&??_ nucfe? (Lnrrec‘!(fi Jtar'-

¥ fn-hd’ Y JEm_j 5.).

-]



e boss
_ > Similar Yo Drell-Yu
' ur-al:v;u:-l-rtl:n--Lr inital stade

beaof fo enersy los s "‘J

F“r"{ﬂhs preceeln producion
¥ 3 resulfs n an extra

on of te VY prooucion rave
af &u“#g Xr .

amabysis of the ET72/26¢
the vate ao(' energ g loss

2.3 +052105 %"’ ‘:Euin;mu
hep-ex/oe (00 S /



254

of energy loss
. “ K‘;:_H PHLI"J‘ prwﬁicﬂﬁm

interacts B.K. &
th m{%ﬂr &Lu:#‘.ffﬁhaf Ek"’:lﬂ!rmﬂ‘a‘tr‘

.-...- 7('94‘ me;:{"n:;:;,'z;aﬂim_ 198y

dE
W E:"‘!ﬁ&t’/-ﬁ«




£
VOLUME 60, NUMBER 21 PHYSICAL RE’

ES537
s Katsaneyas e.c X2

PRL 60(1988)2 2

B. K.
E LJ:E.?EEIH-_::L_;-EF

0.2+
r ! -
S AU T TN T S -
¥ 0.5 1.0
AF

FIG. 5. Comparison of the ratio (47 ‘do/dxe) for 1~ W 10
=~ Be Lo various models: curve a, soft-7 model. curve b, rescal-
ing model; curve ¢, six-quark model; curve d, shadowing model;
curve e, rescattering model: and curve f, three-gluon-fusion

model without gg contributions.



O,
4. Gfuﬂn anh E.Aaafﬁwlﬁg_

at barge X,

¥
On o Ll
6#.-.! Gu (%)

L
My
—a

He f
_ Voo~
;{; ~ s X, - IHHE* '-E:“_i ';Tll

Gluons are exfeavfe{ fo hbe enhanced
L_j [0 -20% :n ﬁnﬂ nuc%?f



Fi_
. Eskola
V. Ke Lhinew

P Ruwskanen

(& )

RI.-'.

Figure 2 The initial nuclear ratios B[z, G} (solid line), Rz, Qf) (dotted) and R3(x, QF)
(dashed) for lscscalar nuclei at QF = 2.25 GeV?. The ratic R{ [z, Qf) (dotted-dashed) is also

showmn_

({ )



i, Sdrilewawn
Eur. Ph.]. AS(1992)293

G, /AG,
E

EEEE -

G, IAG,,

et b5k

FIG. 4. Dependence of G/ AGy on r for Q=2.510 GeV [dashed, dotted, solid curves)

caleulated in the quasisikonal model.



5 EHEI‘I’E‘L’EGH ﬁnaf nuclear wa lffer
‘n I"E““’Q ron cobl;s:ons

- 1
- = L1
i Boght L] ]
= E b "I- " e
- - =" (L
=y L ¥ L -
= e -
-
5 !
L]

NN
"y 3. Hefner
)4-': ":,":..-;f &g B. .t.
IS
’f%;‘ & Hifner
t 4 B.k.
} A ”’ B 2 A Foffer:

Fach nucleon crossing He W{FEJE*:#OF;
has ﬁ.frud_:? nterceted and s cobored.

In add:ilon the radiated _afu.nns (Bhose who
lost coherence wifh He source) also confribute ¥
the brear wp of e ¢

This i« a very hon€inear e{'{e:{.
It s pru'{icnff; absen {or pA or ngﬂr nuckhi

(L



Presence of o these effects s
uha{i.'ipm{ﬂ-égt . #nw ever, the ﬂ.mpuufi nj(
Heoretlical unur-ﬁ;nﬁ varies and more

work s needed.

mﬂi'(' Dg 'fil E.!.{'Ec'lis are
3. Hufwer

no E:hlnr anel ,&rnﬂéj euhhuzaf e K
. A PolPer:
Lov Lnu_sj wucle:

_'_I—I—|—|—|-|'|1'r' L 0 llrrql.- T T Irl'l'1 L T ¥ FFETT| L} LA I
24 0 . =35-58mb e -
21 F kK =23 GeVim e
g 18 + nti-shadowing EKS ——— |
E ca b o NN |
F 10} )
=
=] \*
o o
2 0.7+ -
< sU
PLPh
| 4 [l Lol L 1 il
10° 10° 10’ 10° 10° 10*



The above effects depend nu% on Hhe
nutlear Hickness -fum:»éon and can

prnviﬂle ﬂn%}, o .;En." er Eveén ri.sanE?_
E_r-oiepeh#fucf; {-or :rn‘:‘m{p col:sions.

1.1

0

(L") /(L%

b(fm)

The ._F,nft‘:nw_} E, oepenclence of ¥ suppression
b;&hnfs n.Lou‘; :h'f:trn.:#ﬂh m-‘.'ﬂ: 'ﬁf.:t, Prwl'u.f:eﬂf

mn.Hi.F"_ LﬂHﬂUiH Ltirpu; p E&F - - -
I



S:n.nn:nd the QGP

\ v /
\ | Sk f"'

-
= g - 'H "‘ﬁ-
L i w_
ol | ‘IL.‘ ™~ L]
= k -
_."- - g
L = s ' X b . o
'-IJ+_._ "'
) ¥ ua B
|

W

S = smu:ﬂ - SFSI

A

Varying X, one scans different
areas of e prodluced meolium wheel
s expected to Le most olense atf x, =0

-3



ﬁ,ﬁ,ﬂ:{-“"l‘:' / ﬂw{."""!'}

Opgloel | Gy lane)

g

.

g

g

&

—
[ %]
o

8

o 8 & 8 8

]
s T

o 8 & 8 8

Pb - Pb

aaaaaaaaa

central

08 06 04 02 0

02 04 06 08

RHIC

L

-1

08 06 04 02 O

X

i

02 04 06 08 1



R H l c d. H;,?er

A Tarasov

Ma@ of te effects under
J;scussmn are c?.f.::'l-l!'_ (eneréj (f.'os_'f_‘,
formakon Liwme r_{ge:“;} prowt ﬁgmﬂr-.s)

A new PLEI"I'F'I'HEH&H EE::E'HIE_'. ﬁt ma.n

source n,; nuebear Suppresscon n_ﬁ ‘{{

shadow ing .

E:ﬁhn.dnwin# {ur tjuarks aned éfuﬂhi.

Pavrtonic tnferpetadon is nof Jorentz :wvariant
an!’_;:l ohser vables are. |

F:;,ri_t;:mrgdef {,iju ~LGhE(GrLLW‘5) .jurnu&a.-l':':}n

£of nferacdion of Fock 57{1:11".55.;}

iy ssatyc.ql

=,ur.n.rﬁ. LL-E.JDU;H‘;?. &&Lﬂu LLJHM'IH‘;L_
(A. Hutfﬁr)

Mk |

|7



éﬂiﬂ G,C :Larmﬂn;&
Ol s ¢
o L FE s_mE:-L#m,_j

caleu ga_‘(f Ejtﬂ.at‘n W n;? P

i > EH

DY

Ha fner
gL

Tarasov

7 L
‘ absorphion . Bofglle.

= filhj:i f;{%-.a} l H(L,zi]a

] o < — -
!“fd r...‘_d;;;(r-rl""w{hl, ﬁ-,ﬂlg tﬂp {'r"l' ,'H',}
? ?

/ | |
&5]1' 2)] (&-d)

(-':rr"" }JT (&, I_]l
?

shgt



”{rig‘} _ the universa €
T
dipofe woss seckon

- -t nl""”:’:l' ) o
by DIS data 6. <& (/- e Eﬁi)
| o -8 3w

; ’ KET

eross of cc l:rwfu.:vlin‘ah

R ?
- l_m:. 'ff-wn Fﬂ:k :ampanEh?“s
s> tlccy

produced onfly due fo differexce
L n.mpE:'{:udtg ,gmr 5% anel | 2>




s .{:{.’§er:n1[ {rnh 'ﬂ:‘ Pﬁn'ﬁuh
W ave éanai':mn ﬁ'hfj S_’J ﬂ_,cl.:f'ﬂ"'

A A =

T ¥ 0K Kn)
= 88 « 1 (1-20)@R)E D) +@xi) T,
. celofed E‘.;l the Loventz boost

do the ¥ wave Junclion o #le
resd Lrame

i 3. K Sner
EAAY MR . le. Ivanev
2« Yy (P=F0R) e
rest frame A.Tarasev

PR D

2 L R 62(2000)08v0LL

- *! (ff.r'i:l' } Hti: = H
LS5 ‘“-2 HE&:-.L Spen W‘Fﬂ‘i{un

R S AT L
(&, ) ".Zj:'i - )
-, -0
& (R +F)

rest .{.rnm{




General case  no resfricfionc Lor {;{F

AGea-XxX)= %

(8)
G (FTJEHFT’I’J

Gi"‘ z;%.2') “‘[ 2R wli~d V{r"“i}

k) /
G{ (n,z; -“1'- )

6{"’('1*1.!{} = G;L..-f (rr:-"{-)

€ o ReV: ﬂ%
Re V @, LE - 2.%,"'-""__’]

o) = Huli-%) L 5

217



Rotl LL‘EJ&HII‘& end LLE&I"F{:QH JEPeH#f
:'“Q'j on Hhe EHF?J of }

<
EI_-_._HFE' =..£L

P Emﬂxl X, scn@q{?_

0 100 200 300 400 500
E.(GeV)

One camnot  borrow 5uﬂ.ral': sﬁmﬁm:n&_ _f.’rnm

DIS ( ﬁﬁiu ./F:E’ﬂ)

M':J QCD -Fuifﬂrizﬂn(iﬂl-'t .fnr PrnJui'I':Lﬂﬂ n}f

color Less statfes, 23



Gluown sha an:rg_ -

A-E;hﬁ}er
A Tarasov

a/'-I‘
o 5203 200

The s*rm# nonperfurbadive inferackion
between (qu}l aned G squeeze s the wave
pmh-i doww +o e size Iy~ 0.3(u

1.0 7
= f-
O 0.9
N
(o
0.8 { v
o
|
N
10 ~* 10 ~° 10 ~*
| X
Ralher weak *ﬁmh .H';ﬂ.-t'nu:lta_ i ijs

5



e _ ngn tr"urf:m\c:ﬂ'_ ,{?MH fh?ffl"‘ﬂ.c:"-/llﬂl"'\
contribudes f a wlorless sa¥e
(s procduced.

ACRALEN

The mod:fied Green Lunchion: Re V=0

The c._l:{tc-ﬁtu s&.a_afnm:h& cCross secton

DIS Charmon:win prﬂﬂfu:‘i"::‘aﬁ

C%rﬁ.nqwhc Voo E’nﬁnn ::-;[ He G?C.]} 5:,:1&:-:& .‘r

A



TL.E ﬂhEE‘l"' ag E-Lﬁ-ﬂ'ﬂmi:?_ has bheen observed
L’;] He E??zlf"E;-mg e_xptrcl-uiu'l'fi of Fferm: ok

E{Sfects involved:

" skdum:n&} botf ’u.a.n"u. auel _?ﬁmu
H &&mn ﬂhh'{{ﬁhﬁtfﬂh}:ﬂﬁq_ at E?ﬁ.q-f L (EKE:)

energ y Coss

L

o lormation Yime ejlrtc‘l’{:s xn/
® Lhtf‘&a Jepend’tnc{ Gﬁ[ 15;{:{5)
#

decay 1—*3/¥J+J/

-0.1 01 03 05 07 009

£LF
(A Fn.rn_m:ir:r fr:a anfcufﬁ.ii'am

a&n,‘..\nj scales wn X,
G4 fow emerges x._a.cﬂ&uvq S brokey

h_:__} Ehﬂ'a-)j AEOSE.
o B



Conclusions

® The .::u:rs.:.me:g‘.ed' absorplkon model
used at the SPS energies misses
moany :hpnr{ﬂn‘ﬁ nonl:near g('{'e"c?‘!i.

e G campfemcn‘Fnr_j s-l-’uaf:_,r of the
Xe ~dependence of charmoniuw suppression
chould provécde wew cmporfand informaion
about the properfies of the produced wmedium,

e A ﬁ,‘?fcf cone &CD np.‘umﬂcﬂ ’s q’erefopﬂaf

which ncorporafes e effects of
absorpfion eand &Laafam:nvg

“ Ehndnm;@ becomes o dominant effect

at RHIC tucreasin nuclear suppress:on

b Yor
5 p iﬂ-r- ::‘F Pli:{ ctedl

i1é



