Quarkonia as a Probe of QGP
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@® Why is quarkonium a thermometer of QGP ?

Unlike light quarks which can be largely produced in hot medium,

1) heavy quarks are mainly created in the initial impact of the collisions, and

2) the production process is controlled by pQCD.

Similar to electrons which are used to probe the QED structure of a nucleon,
heavy quarks can signal the QCD structure of the fireball in heavy ion collisions.
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m Quarkonia in Vacuum

m Cold Nuclear Matter Effects on Quarkonia
m Hot Nuclear Matter Effects on Quarkonia
m Quarkonia in A+A Collisions

m Exotic Multicharmed Baryon States
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Quarkonium Properties in Vacuum

State J /¢ (1S) xc (1P) Y’ (2S)
m (GeV/c?) 3.10 3.53 3.68
ro (fm) 0.50 0.72 0.90
State T'{18) xp (1P) T [25) x}, (2P) T 135)
m (GeV/c?) | 9.46 9.99 10.02 10.26 10.36
ro (fm) 0.28 0.44 0.56 0.68 0.78
Contribution to the observed ground stateY(1S)
1(1S) Y(1P) Y(2S) Y(2P) Y(35)
51% 27% 11% 10% 1%
Contribution to the observed ground state J /v
60% 30% 10%

Pengfei Zhuang (Tsinghua)

Heavy lon Meeting, Daejeon, April 21-22, 2017



Potential Model in Vacuum

QQ production:
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Quarkonium formation:

radial equation for the relative motion between Q and Q

|: 1 (_1 d? r+I(l+1))+(V(r)_€n|)j|Rn|(l’)=O V(r):_%-i-(ﬂ'

ol s |
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m.\ rdr? r’
three parameters by fitting the quarkonium masses
M,=M,,,, M,=M,, M; = 4 =029 oc=(018GeV)?, m_ =1.84GeV

Solution:
binding energy ¢, and radial wave function R (r)
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Cold and Hot Nuclear Matter Effects

TA
linitially produced J/y _
g |
HG 4+ Hot Nuclear Matter effects:
1)suppression in fireball
b 2)regeneration in fireball
Cold Nuclear Matter effects:
n... - J 1)shadowing effect
-.-.- nuclear absorption .
2)Cronin effect
/ \ Z  3)nuclear absorption
At kt Lt
initial production regeneration initial production regeneration

SPS \ RHIC LHC

from screening to regeneration
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parton distribution function (PDF) in a nucleus is different from a simple

superposition (Glauber model) of the PDF in a free nucleon.
R.Vogt, Phys.Rept.310, 197(1999)

g
shadowing correction factor: g
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shadowing effect + nuclear absorption @&
can explain the pA data at RHIC. °®°
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Cronin Effect

transverse momentum broadening due to gluon multiscattering with nucleons
before they fuse into a pair of QQ :

‘t Jjis Gerschel and Huefner, Ann. Rev. Nucl. Part. Sci. 49, 255(1999)

(pE)" =(p0)" + L

NAZ p—A (A = p,Au)
NA3ZE p—aA (A = Cu,lU)
NA3E8 O—A (A = Cu,U)
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PA and light nuclear collisions at SPS are controlled by cold medium effects.

Pengfei Zhuang (Tsinghua) 7 Heavy lon Meeting, Daejeon, April 21-22, 2017



IEES

Tsinghua University Nuclear Absorption

formed quarkonia are absorbed by the surrounding nucleons before they enter
the QGP phase

v

$ _
NN

1 o ’ i
Sipp = qfdzbdzp{b?z)e_fz dz gapa p(Dy27)
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= L ﬁak%m | colisiontime 7, =zZR,/CNYy,
‘ e . nuclear absorption can be ignored at high energies (LHC).
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Debye Screening in QGP

medium effects on QQ potential:

1) string tension in deconfinement phase o(T >T,)[J 0

2) charge rearrangement » Debye screening, the charge density seen by Q

becomes small

o« o
Coulomb potential —=& —___, Yukawa potential — —&g "%
r

r
Debye screening length /1D =1/ m,

Debye screening mass m,

6 - 1 Abelian approximation
gqeq T

, pQCD with colored gluons
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Estimation of Quarkonium Dissociation Temperature

Hamiltonian of the QQ system at T > T

p°01/r?

from uncertainty relation

1 «

__e—r//iD

average energy E=

dE 2

A r/i,)e "'

H :p___e—l’/ﬂD

=0

stability condition — = —
g dr m,r®

2
0.84a,m,

dissociation temperature

> Ap(T)

_2
0.84a.m,
from pQCD calculated A4, (T)

=Ap (TD)

T, =209 MeV for J/y
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V=ForV=U

Lattice simulated heavy quark free energy F

Petreczky, JPG37, 094009(2010) + Potential model:
VIR0 TIGEV] ;e . . '
08 | it What is the heavy quark potential VV ?
061 > Digal et al. 2001, Shuryak & Zahed 2004, Wong 2004,
2‘2‘ i e Alberico et al. 2005, Mocsy & Petreczky 2005, ...
0 L
02l By solving Schroedinger equation,
04t ¢ Digal, Kaczmarek, Karsch, Satz, EPJC43, 71(2005)
pi A = V=F: TV = 1.2T,
o 0.5 1 1.5 2 25 . . ] J/Y
| _ ﬁm] V=U=F+TS:  TJ/Y=21r,
) (Swp))ectral function sequential suppression o
2.5 i ; . T=T, = o.a:
2} SR A A A 5 0o
! Jy | . %os; A é E—:_
1} TR, g ool
A A | i
. T 1.70Tc ] Te1.1T g 0-6 :
TR - A 2 o4p
15 T = 2.33Tc="="~ | Kc VA 0.2 Y@e)
1 oof Y e
0.5 T =>>T 0 100 :]00 300 400
% 5 10 15 20 25 _ 30 7|Cc a4

Asakawa and T.Hatsuda, PRL92, 012001(2004)

w [GeV]
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Liu, Chen, Xu, Zhuang, PLB697, 32(2011)

excited Y states are sensitive to the potential !
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Relativistic Correction

the Dirac equation can be expressed as a group of covariant relativistic Schrodinger
equations for the spin triplet (uf,u{,uy) and spin singlet (u,):
H.W.Crater, J.Yoon, and C.Wong, PRD79, 034011(2009

— o +2m,, B+ B?2 — A2 4+ 2€,A + @p

2
[ d +J-'U;r1;-

— 2dgg + Pgs + 2T — 2@5{_‘;]']1[? = bzli?,

[ d? J(J — 1)

4 4+ 2muw B+ B2 — A2 4+ 2, A + @p

 dr2 r2
_ 20 =D _ +
+ 2(J 1)®Pso + Pss + 27 =1 (Psor CE’T}:IHI
+ 2vJU+ D (3@ — 2(J] + 2)Psor)u; = bzlif,
27T+ 1
2
_d + J+ DU +2) +2myB + B2 — A2 4 2€,, A+ Pp
dr? r2
2(] +2) _
— 2 2)d @ ——(D — @
(] +2)Pso + Pss + 2 +1 (DPsor T)]1i1
2. 1
+ z{r{ij; )(.3cbr—|—2(j — D®sor)uy = b*uy

At finite temperature (Guo, Shi and Zhuang, PLB718, 143(2012)):

In comparison with the non-relativistic calculation, the J/w Ty increases from 1.26Tc
to 1.35Tc for V=F and from 2.1Tc to 2.38Tc for V=U.
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T-matrix Approach

Liu & Rapp, NPA941, 179(2015):
T-matrix approach with complex potential:

T

T

BOBC

[Lipman-Schwinger equation]

by fitting the lattice calculated F, = the real potential - F < Re[V] < U

T=1.2Tc

1.0}

T=1.7Tc

0.5/ f‘{/-
0.0
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however, by calculating transport coefficients

o5 10

15 20 05

T

r(f.m)

like heavy quark v, — Re[V] is close to U.
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Lattice Simulation

Burnier, Kaczmarek, Rothkopf, JHEP1610, 032(2016):

1) extracting potential V=Re[V] + i Im[V] from lattice simulated spectral function
— Re[V] is close to F.

2) parametrization of the potential via an extended Gauss law

— Debye screening mass my (7).

Yy H l\ 1 , \4) IIIILV]
Re[V] molT 0504 _ T=086T, — T=005T¢ — T=106T, i
7 ”. T=1.19T¢ T=134T¢ == T=141T¢ ‘
25 041 | — retoome
6
20
5 03
4 15
5 0.2
10
20
o T=024T; o T=042T; » T=086T; 0 5 01
1 o T=095T; « T=1.06T; « T=1.19T; '
T=1.34T; » T=141T¢ « T=166T¢ 0.0 - f
00 02 04 06 08 10 T2 717 '[M 05 10 15 5d/Te 0 5 4 6 50 (Ml

Other lattice simulation (H.Ohno):
the limit temperature of J/y 1.25 T, supports V=F.

The complex potential is used to describe Y suppression at LHC (G.Wolschin).

Pengfei Zhuang (Tsinghua) 14 Heavy lon Meeting, Daejeon, April 21-22, 2017



Anomalous Suppression at SPS

anomalous suppression
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model 1: Debye screening (Matsui & Satz, 1986)

model 2: threshold model
(Blaizot, Dinh, Ollitrault, PRL85, 4010(2000)

Syp(b) = ] d*sST5l (b,5)O(n. — ny(b,s)),

40

30

20

10

geometric fluctuations +

0

o] 20 40 60 80 100 120 140

model 3: comover interaction
(Capella, Feireiro, Kaidalov, PRL85, 2080(2000)

o — | driveas! T
DI = € J dr{voco)peol :I
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J/w Puzzles at RHIC

2 puzzles for J/psi production at RHIC:

Ras (RHIC, |y[<0.35) = Ry, (SPS)

Raa (JY1<0.35) > Ry, (1.2<|y[<2.2)

oc1.2

——&——— NA38, S+U,0<y<1, E. Scomparin {QM06}, nucl-ex/0703030
—_— MNAGO, In+In, 0<y<1, E. Scomparin (QM0E), nucl-ex/0703030
| ————— NAS50, Pb+Pb, O<y<1, E. Scomparin (QM06), nucl-ex/0703030
————=————  RHIC, Au+Au, |y|<0.35, PRL98, 232302 (2007)
- —_— - RHIC, Au+Au, 1.2<|y|<2.2, PRL98, 232302 (2007)
1m: T """"".5"""."" ..........;. ....................
L RHIC, |y]|<0.35, Global eirror = 12%
— RHIC, 1.2<|y|<2.2, Globa:ll error = 7%
0.8 __ ......... I ............ I ............................... SPE 070 <y<10 Giobal errar = Fieg
o6l ﬂ? .&\ _______________________________________________________________________________________________________________
: : i ’ H H*
| T
1 - 1) R s A H .................................................... m ....... G i ............................
» H m E+
0.2 *
_||||||||||||||||||||||||||||||||

%
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The Debye screening picture can not explain the 2 puzzles.

how to explain the puzzles ?
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Heavy lon Meeting, Daejeon, April 21-22, 2017




Regeneration at RHIC (I)

about 10 pairs of cc in a central Au-Au collision at RHIC and more than 100 pairs at LHC !
— ]/ regeneration at high energies:

in QGP —
R N v+ g
in hadron gas
D+ D — J/1+ mesons

the competition between J /i suppression and regeneration leads to the question:
J /Y suppression or enhancement at high energies?

o 12 ® AHIC data =
: [ —
model 1: (sudden) thermal production Ny -
(PBM, Stachel, PLB490, 196(2000) ): 08 o
guarkonia are statistically produced at T=Tc, 0.8 E EH _
no suppression and no initial production o4 HE
Mod! E E
0.2 LHC
RHIC

8]
o 50 130 150 200 230 200 350

Nt
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Regeneration at RHIC (lI)

model 2: (continuous) production in QGP (Thews, Mangano, PRC73, 014904(2006):

guarkonia are produced in the whole QGP,
including anomalous suppression but no initial production

dN 7/
(lt

* perturbative calculation with nonrelativistic Coulomb potential (Peskin, Bhanot, NPB156, 365(1979)
* detailed balance

= ApNNz/V(t) — ApNjrypq, g+W¥ésre+o

1-42— = PHENIX
model 3: two-component model - Au-Au (200 A GeV) -- direct
(Grandchamp, Rapp, Brown, PRL92, 212301(2004): L2r T E%%?neranon
.. . ] l-— . R eq-»Sfij
initial production + regeneration : c
- T, =1.25T
i " éo_g_— diss c
AT __ AJdic ATt i
N i = A J + N Jf . 0.61
0_4; ........ i -
0.2 . S~
A e
ol b b b b b b b

0 50 100 150 200 250 300 350

part
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Is Regeneration Necessary ?

~1.2
&zg i NA3B/50/60 syst =+ 11%
5 N PHENIX syst = =+12%
2%
E -
2 -
0.8 .
- & SQM2011 summary by K.Safarik:
- %1 il 1 @ overall suppression of J/y is nearly
o8 ) H I identical between SPS and RHIC !
[ SIS
04— oo Y U
- @ STAR r(15+25+35) 1Y E‘ .
~ I ALICE (Pb-Pby\[s,,, = 2.76 TeV), 2.5<y<4, 4 E _
- O NA38,S-U i
0.2I & NAGO, In-In
i NASOD, Pb-Pb (ZDC)
| ®  PHENIX, Au-Au y=0
DIIII|IIII|IIII|IIII||II||IIII|IIII|IIII

50 100 150 200 250 300 350 400
part

if we take V = U, the J/y dissociation temperature (Young and Shuryak, PRC79, 034907(2009)
Tp = 2.7 T, > maximum T at RHIC > maximum temperature at SPS
— no big difference between SPS and RHIC !
regeneration looks not necessary !?
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How to distinguish Hot Mediums: Quarkonium P; Distribution

f®@) = fini®) + freg(®)

initial production:
p; broadening due to Cronin effect and leakage effect

regeneration:
p; suppression due to heavy quark energy loss and coalescence at later stage.
B | 1 |
1T, g T T .
- fregeﬁ:—.‘_‘ /// finitial 1
0.8~ N/ 7
B /f i
0.6 5/ 1 Jhp in 5.5TeV central Pb+Pb
o 4i A 1 Liu, Xu, Zhuang, NPA834, 317C(2010).
- g /3 |
0.2~ / .
L 7
~

%2 a4 6 8 10 i2
P, (GeV/c)
p, distribution depends directly on the production and suppression mechanisms

and contains additional information about the nature of the medium, it may help
to distinguish between different scenarios.
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A Transport Approach

Dynamical approaches for quarkonia evolution in QGP:
kinetic approach (Rapp et al.),

Schroedinger-Langevin approach (Gossiaux),

Langevin approach (Blaizot), ......

Zhu, Xu, Zhuang, PLB607, 107(2005),

Yan, Nu, Zhuang, PRL97, 232301(2006):
@ quarkonium motion hot nuclear matter effects: glupn dissociation
_ (OPE) and regeneration (detailed balance)
t}f,;;ffhr + Vi - Vfg.r = —Ch;rfu;: + Gy, (LP v, l//I )(C)
1 Epy e -
25y | @rpeE, v Pe X 1O

: 1 dﬂpy dﬂpr' dﬂpﬁ g
.‘j-l"]"{pr'- Xty Tlh} - 2El|],|’ {ETL_}HQEH {QT}HQE; (2:&_}3 EE;—. I{ of {S}ff'{pf"- Xty Tlh}ff_' {pf_"- Xt Tlh}

(x¢, 7|b) =T.),

ag(pe, X, 7lb) =

2
x (2743 (p + py — pe — Pe)O(T (x,, 7|b) — T.) , r°)(T)
O-(pl//’pg’T)D< 2> O G(pl//’pg)
® analytic solution (r*)(©)
f'-ll{p‘r-. thIh} — fl-lf{pr-.xr _ V..];{T _ Tn]', Tﬂlh}ﬁ'_ I:c: drioeipyx: —vael(r—7'1.7'|b}

drog(pr. e —va(r—7"1L7"|b)

¥ f d7' By (proxs — Va7 Nﬁ"
T

_ cold nuclear matter effects: shadowing and Cronin
@® QGP evolution

o0,1""=0, 0,n"=0 + Lattice QCD equation of state

Pengfei Zhuang (Tsinghua) 21 Heavy lon Meeting, Daejeon, April 21-22, 2017



J/Iy Ry, (py) at RHIC
Liu, Qu, Xu, Zhuang, PLB2009

0.6F

- 04| . -
: i e e Au-Au Data|

[ Initial « Cu-Cu Data] 0oL . initial ’
0.2 . L J |

Regeneration i
Regeneration

L SN NI A N R B S B I
p(GeVic) p, (GeVic)

7,=0.6fm, T,=344 MeV,

oo,/ =0.74ub, o =0.12nb (PHENIX pp data) at mid rapidity
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forward mid
HAA IHM

J/w Rapidity Dependence at RHIC

1.2
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Liu, Xu, Zhuang, JPG2010

T T ' | ' | '
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'_" o ‘l_____ ~ Initial
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o5, =0.04nb at forward rapidity

Heavy lon Meeting, Daejeon, April 21-22, 2017



JIw Raa (N,) at high pt at RHIC

\| 200(33\_; X STAR Au+Au ly|<1, P, >5 GeV/c
STAR Cu+Cu, |y|<1, pT>5 GeV/c

O PHENIX Au+Au, |y|<0.35

% ) STAR 77, pT>5 GeVic .
Nbin err.

—_Tsinghua U., Au+Au, pT>5 GeV/c
---Zhao+Rapp, Au+Au, pT>4.5 GeV/c

0.20
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Flow

J/Y elliptic flow in 5.5TeV central Pb+PDb,
Liu, Xu, Zhuang, NPA834, 317C(2010).

E Au+Au 200 GeV 0-80 % o Jy 10"
3 o

0.2 charged hadron
E_ 0000 o} ¢
; M T
0.1 ooO@ﬁ
77~ _RHIC

maximum non-flow Lo ]

4 6 8 10
P, (GeVic)

LHC

o b

LHG(0.2~ Regen.)

Elliptic flow v, (%)

S N B O X

Vj
o
V)

0.3
- @ ALICE (Pb-Pb |5, = 2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0

: = Y. Liu et al., b thermalized
=« Y. Liu et al., b not thermalized
0.2 | — - X. Zhao et al,, b thermalized

0.1 initially produced [31] o
----------------------- coalescence from thermalized c€ [32]
----------- initial + coalescence [33]

0.2 r = . — initial + coalescence [34]
. | ——— hydrodyrlnamic [35]I | ‘
0 2 4 ° 8 10 0.1 lobal syst = £ 1.4%
— global syst = £ 1.4%
. pT(GeVIc) JET FESTE FEET T FRETE PR T PN LT ST R
STAR Collaboration, PRL111, 052301(2013) o 1+ 2 3 4 5 6 7 8 9 10

P, (GeV/c)
ALICE Collaboration, PRL111, 162301(2013)
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1
300

400

(pt )aa

T
AL (pt )pp

JIY ry4 In 5.5TeV central Pb+Pb,
Zhou, Xu, Zhuang, NPA834, 249C(2010).

arxiv:1506.08804 [nucl-ex]

a 2
o 1gF ALICE inclusive Jiy — jw, 2.5eyed
16 W Pb-Pb |5, =2.76 TeV, global syst. = 4% 5
14F ; oot
1.2
1 -
0.8} '.';.'::_'..,:_'_-'.__
06 ®  Au-Au and Cu-Cu | 5, = uzTe‘.' glabaISyst o s
' NASD Inclusive Jhy — ptu, Deped
0.4 & Pb-Pb |5, = 0.017 TeV, global syst. = 3%
Transpat model calculations
0.2F M ALICE
oW | AUGE | ceRHC +s5P5
1 10 107
l(Mpad)

ALICE Collaboration, JHEP1605, 179(2016)

JY 1y, In 2.76TeV central Pb+PD,
Zhou, Xu, Xu, Zhuang, PRC89, 054911(2014)
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Charmonium Production in Magnetic field

strong magnetic field in heavy ion collisions at RHIC and LHC
(Deng, Huang, PRC85, 044907(2012), Gursoy, Kharzeev, Rajagopal, PRC89, 054905(2014))
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Heavy Quark Production at FCC

Heavy quark production in QGP:

8
(a) (c)
q g
| E Q %
g g g g
(d) (F)

Charm quark evolution in QGP

£ = Q9

® O 0

= 0 ol

Zhou, Chen, Greiner, Zhuang, PLB758, 434(2016) 8

on.+Vy-(n.vy) +

_
coshn 7 cosh 17 sain

*NLO production cross section
*T-dependent parton mass and coupli

*hydrodynamics for QGP evolution

*detailed balance between loss and gain terms

*shadowing effect on initial distribution (EPS09s NLO)

significant charm enhancement
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Levai, Muller and Wang, PRC51, 3326(1995).
Kaempfer and Pavlenko, PLB391, 185(1997).

Uphoff, Fochler, Xu and Greiner, PRC82, 044906(2010).
Zhang, Ko and Liu, PRC77, 024901(2008),.......
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Charmonia at FCC
n, Greiner, Zhuang, PLB758, 434(2016)
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significant J/yy enhancement at low p;:
Raa(pe) <1 - Rya(pe) > 1!
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Motivation to Study Multi-charmed Baryons

1) 2... and .. are hardly produced in pp collisions,
0(...) = 0.06~0.13 nb at 7 GeV and 0.1~0.2 nb at 14 GeV (Bjorken 1986 and Chen, 2011)
0(Z,)~10 nb at 1.8 TeV (PRL89 (2002) 112001).

SELEX Collaboration claimed the observation of Z.., but FOCUS, BaBar, Belle, LHCD failed
to reproduce it in elementary collisions.

2) However, coalescence among uncorrelated charm quarks in A+A may significantly enhance
the production probability,
N(Eq) ~ N2  N(Qy) ~ N3, N, ~ 100 at LHC!

3) If they are discovered in A+A collisions, it is a unique signal of QGP!

4) Exotic baryon states at quark level ?

a® a" fK o< 1/a
. \
1) Borromean rings \\ G
\
& | ' < o
\ ©0)
1 —«© AY
. 2) Efimov states (PLB33, 563(1970)), \ a®
discovered in cold atom gas \y

(T.Kraemer et al., Nature 440, 315(2006)).
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Wigner Function
He, Liu, Zhuang, PLB746, 59(2015)
Zhao, He, Zhuang, arXiv:1603.04524

HY(ry.ro,r3) = Ep¥(ry.ra,r3)

3 o2
H:Z - +Viry,ra,rs)  V(ry,ry,r3) = ZVCC(I‘iTI‘j)_ Ve = Ve /2.
i=1 A

2m,

Methods to solve 3-body Schroedinger equation:
Hyperspherical method, Separable model, ......

Static properties:
mg, = 4.75 GeV (4.8 GeV from LQCD), €, =900 MeV, (r) = 0.5 fm = (r;,y)

Wigner function:
Wi(r.p) = f dCye PV (" + %) v (r B %)
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Significant Enhancement in A+A
He, Liu, Zhuang, PLB746, 59(2015)
Zhao, He, Zhuang, arXiv:1603.04524

dN
d*Prd ?}

P“drry R}f Ty (14; d p d* Py fry, VNP — N 1
) 1) f(ra,p2) f(rs, ps)W(re.ry. pz. Py) —
f 1, 2, P2 3,13 f(T,p) T 5 1

the coalescence happens on the hadronization hypersurface X determined by hydrodynamics.

6— L L R L L 20—
Pb+Pb |'S,.=2.76 TeV | I -
L V Sy e . 1.5 Pb+Pb /Sy =2.76TeV
v A eos 7. iyl<0.9
Q
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X, | ] xﬂ
I S i
S 2 — <
pd B i 0.5
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Ncoll Neoll

0n~3.5x10*nb for o,, = 62 mb in central Pb+Pb at 2.76 TeV
in comparison with
oq~0.1nbinp+p at7TeV,

the Q... production in A+A is enhanced by 6 orders !
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Exotic States of ... at Finite Temperature

short range potential at high T

Zhao, Zhuang, in progress

Borromean rings
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10E102 10° 10* 10°

= e¢2™/So = 515, Efimov states

33

2.5 P S T T U R

/T, |

the exotic states might be realized during the
cooling down of the fireball in A+A collisions.
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Summary

1) Quarkonium is still a smoking gun in probing QGP, the p; distribution is sensitive to the
fireball properties.

2) Cold medium effects dominate p+A at RHIC, but there is already a sizeable hot
medium effect in p+A at LHC.

(P?) 44
),

and LHC: from pt enhancement at SPS to pt suppression at LHC !

3) Quarkonium v,, ryy = and R, ,(p;) can distinguish hot mediums at SPS, RHIC

4) It is most probable to discover Q... and Z.. in A+A, and the discovery is a unique
signal of QGP formation.

5) There are exotic baryon states at quark level, which might be realized during the
cooling down of the fireball in heavy ion collisions.

¥

e J/¥ enhancement in p+A, and

6) There are still some puzzles, like double ratio
excess of low p; Y.
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Backup



decay modes of 2.,

Decay through weak interaction, for instance
nonleptonic cascade decay mode (Chen 2011):

cee cecs
0 —1
chs —+ T
— 4
9555 + T

semileptonic decay mode (Bjorken, 1986):
QL — Qo +3u" + 3vu,



= Decay mode and experiment status

® E;’C — A;‘K‘;r“‘ (Observation reported by SELEX 2003)

® E;,"C—} DUPK_ﬂ"" (Searched by Belle2006)

e 2 — D"pK~  (Searched by FOCUS 2003, Belle2006)
e 1 = E'M (Searched by BarBar2006)

~na =0+
® Z.. o

“The improved LHCb and Belle Il (2019) Is promising In
observing =7

—]
o

Search for the Doubly Charmed Baryon at LHCb, Ph_D thesis,
ZHONG Liang (2015)
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