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1) Heavy quarkonium production mechanisms in the Quark Gluon

Plasma
primordial production, regeneration, photoproduction, transitions,...

2) Charm diffusions in the QGP

Langevin + Wigner function for single charm evolutions and recombination
large v, “puzzle” of J /4, v, between J /¢ and P (2S5)

3) Quantum effects inside ccbar dipole by color screening

QGP screened heavy quark potential - transitions between different bound states,
wave function evolutions (dependon T)

4) Charmonium photoproduction from EB fields, even at b < 2R,

important at extremely low py<0.1 GeV/c
J/Y ,P(2S)

Phys.Lett. B 765, 323(2017)
6) Ds/D0 enhancement: strange enhancement and charm conservation

5) pA collisions ( still QGP existence ?)
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Heavy quarkonium as a probe of QGP

J/Y as a probe of QGP:

J/yY suffer color screening end inelastic collisions of partons in QGP
I T e e B L B I L L B N B
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J/psi production in AA collisions
(with cold and hot matter effects)
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Ry

J/psi production in pp collisions
(without CNM and HM)
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BC. Du, Rapp, arXiv:1612.02089 = °° 04 0608 1 12 14 1618 2
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1. Charmonium production mechanisms
in HIC
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Heavy quarkonium as a probe of QGP

Transport model

7 _ JJU+g—>c+¢
Vefy = -aypfytBy e o1+ g

- N - 1 dSE 57 L7 —
(P X1, T, b) = 25, ) Go)2E, o4y(B, k. T)4F (B, k) £, (k, T)

afw pw
ot

L L, o 1 d3k d3G.d3G: Dynamical
ﬁlp(Pt: Xt T»b) = j -

Cc lpg > - (2
24(27T)9Et Eg Ec EC W (CIC'CIC)fC(CIC'T) fc(CIc;T) evolution

x 2m)*6W(p +k - qc—qe)
N(qq) per central AA (b=0) NCE—>]/1/) ~ (N CE)Z

Quark number|[ gpg RHIG
/ .
charm 0.2 10 hsy Higher temperature, larger ay, less
bottom 0.05 initial production

v’ larger Nz, larger 8, more regeneration

Initially produced yy: from parton hard scatterings, carrylargep;
Regenerated: charm interact with QGP, loss energy, carry QGP collective flow

Baoyi Chen Frankfurt transport meeting Nov.2 2017



Charmonium in QGP

Ny
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2.76 TEV Pb+Pb pT}O Shadovﬂng (EPS09) | B ALICE pp | | e*e'_, \."SNN=2.76TEV ]
1 O__ 50 ® W, |8, =2.76TeV
< .Vl . a ° — - exp(- 2/(282)) ]
_ I 2 F — exp(-y*/(2B%) ]
0.8~ A g
: 1 &3 .
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I N NS NI I IS A A I AT S AN AN AN AN AN AN A IR A A 1.2 —-regenerated -
0 05 1 15 2 25 3 35 4 45 L 2.5<ly|<4 p,>0 — inclusive iy
B. Chen, PRC 93, 054905(2016)
Summary: 2 -
L P S T IS N N T AR T SR TR R S
Regeneration dominates atlow py, and total yleloda0 100 EDDN 300 400
Initial production dominates at high pr P

[0 <]
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2. Charm diffusion in the expanding QGP
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Charm diffusion

D mesons obtain the similar collective flows like light hadrons
- Indicate the momentum thermalization of charm quarks
at the QGP hadronization.

— T T T T T T T . T T T " [
Pb-Pb, S, =2.76 TeV _

i m Centrality 30-50% _

¢ Charged particles, v.{EP,|An|>2} 1
= Prompt D°,D", D™ average, |y|<0.8, V,{EP}
[ ] Syst. from data N

PRL, 111, 102301(2013)

—[_] Syst. from B feed-down
[ I I IR IR NI T T

0 2 4 6 8 10 12 14
P, (GeV/c)

How does charm diffusion SUPPress the W regeneration process?

However,
how and when charm quarks reach
thermalization ?

Depending on:

QGP temperature,
coupling strength,
Charm momentum, etc

10



Charm diffusion

First, Let’s assume an instant charm thermalization

1) Local momentum distribution

NTLO rm

fe) = < in local fliud cell
€ + w,: velocity of QGP cell

2) Charmdistribution in coordinate space

d,(p.(Mu") =0 Conserva’flon (?f charm quark number;
Strong diffusion (controlled by u")

Large mass of charm quark: Not chemical equilibrium

Full distribution in phase space f.(r,p) = p.(r) f.(p)

3) Charm initial distribution from hard scatterings, _
~ Usually with
Ty(x7)Tg (xr — b)coshn doy, uncertainties

To, XT,1N) = ~ 50%
pc(To, x7,1) 7o dn o
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Charm diffusion and kinetic equilibrium

N¢ N¢ (NCE)Z
Rememberthat N,/ ~ [ dV W.ombine ~
J/y v v combine v
QGP VQGP QGP aep
!
Charm expands outside with QGP A B A B
a) Charm >c.ii!tributed at b) Charm dis'tributed at
) J. Zhao, B. Chen, Beam-line View
coalescence model arXiv:1705.04558
c+c—-J/U+g
U 4., 34
dN;;y . Ptdao,(R) d*rd*p

(27)3 W(r,p)f. (?1: 1_7)1; t)ff(?ZJl_jzy t)

C=1/12 for vector meson (J/psi)

d2P.dn (2m)3

® \Wignerfunction describes the recombination probability of one c and c:

. 3 BT o )_7 s 2 Y (7): wavefunction of charmonium
W(T'p _jd ye pyl/)(r-l_z)l/) G 2) eigenstate. (from time-independent

Schrodinger equation)
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Charm diffusion and kinetic equilibrium

R N¢ N¢ (NCE)Z
ememberthat N/, ~ [ dV W.ombine ~
Voep VogpP VoGP ocp
|
Charm expands outside with QGP A B A
I
® 276TeV V.S. 5.02TeV VERTI s i onem darbueda
(Pb-PDb collisions): Beam-line View

larger initial T§GP. larger QGP volume at hadronization

charm number enhanced by more than 50%

= Accelerating expansion makes Vyp(T = T, 5.02) larger

= N;/(5.02) does not become ~ 1.5 times, (see exp. Data later)

NCHEI/ U8

Experimental data gives: Ry, =24




J /W RAA at 2.76 and 5.02 TeV

2 W
1.5 3 20 | _(doBp) " /[ do,
| Pb+Pb, Inclusive Jy  ALICE data | \dy ) /\ dy
L 25<y<4, pTe:SGeWc """""""""""""""""""""""
' 3
+ o 15-  arXiv:1705.04558 —
IE
g _+ * _'_;_——r - i
£ 1.0+.+.+_._._-._._-._._-._._-._._-._._-._._-._._-._._-...--.__
| s T ALICE data -
" \Sy=2.76TeV 7 T Pb+Pb, Inclusive Jiy |
- * Vsuy=5.02TeV : - 25<y<4 p < 8GeV/c -
SRR RS T RS ST S O o . 1 L L
0% 100 200 300 400 0 100 200 300 400
Npart dO'CE NDEFT
Cross section: d—;” = 0.33mb (0.57mb) for 2.76 (5.02) TeV
... dog§
Upper limit: — enhanced by 20%

The ratio of charm quark number at 5y.02 and 2.76 TeV is around 1.7 with
large uncertainty,
(1) with the same QGP, we expect R, , ratio =~ charmratio = 1.7
(2) with different QGP, Ry ratio= 1.1

- Strong diffusion of charm suppress ] /i regeneration. 14
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T 0.6

]/ RAA at 2.76 and 5.02 TeV

1.4 . — ]
- Pb+Pb Incluswe quf ALICE data
12__ 25‘:}!’-‘:4 0-20%

0.8

0.4
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1.0F---Fidg- - 1

arXiv:1705.04558

|
2
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1). Charm collective flow also
change the regenerated /Y pr
distribution

2). At5.02 TeV, QGP expansion
stronger, push charm quark to
larger pt bin

3). Underestimation at high pr is
due to the lack of initial production,
which dominate the high pt region.
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1). Charm collective flow also
change the regenerated /Y pr
distribution

2). At5.02 TeV, QGP expansion
stronger, push charm quark to
larger pt bin

3). Underestimation at high pr is
due to the lack of initial production,
which dominate the high pt region.

® Can we define an observable to measure the charm diffusion effect ?

iIndependent of charm cross section, shadowing effect, etc
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U{} :

‘Hot Medium Effect

norm gnorm
~ | dV f¢ fe Weombine

This ratio in AA collisions:
(D eliminate the shadowing effect.

d cC
2 Does NOT depend on ;—7’;”
(3) Contains hot medium effects on charm

(collective flows of QGP change f*°"™)
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0.15 L | —1 [ 1]
i Pb+Pb, Mid-rapidity |
1,=0.6im/c ]
0.1 — |5y, = 2.76TeV -
— - \S,y, = 5.02TeV ]
=er {8y, = 39TV
] N
0.05F ~ _
o, . .. -
0157 7 77 =
0.1
0.05F _
0y =

® ./syv Dependence:

‘Hot Medium Effect

norm gnorm
~ | dV f¢ fe Weombine

Ny
(Np)*

This ratio in AA collisions:
(D eliminate the shadowing effect.

d cC
2 Does NOT depend on ;—7’;"
(3) Contains hot medium effects on charm

(collective flows of QGP change f*°"™)

1 ® Centrality dependence

from semi-central to central collisions:

larger TgGP , stronger QGP expansion,
recombination probability of ONE cand ¢
decreases.

higher /sy, QGP expansion also stronger.
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Data: ALICE Inclusive Jiy, 2.5<|y|<d, cent.0-90%

- T,=1.0T, Pb-Pb |/s,,,=2.76 TeV

"‘Txp:LETc 30-50% centralit
= T,=1.5T, centrality

L1
regenerated w(25)

- § D(21T)=4.0 B

0.4}

B.

P, (GeV/c)
Chen, PRC 95 (2017) 034908

/
7

e

—=-npy(P)P+¢ g T =

: \

Np = DTI;C D:spatial dif fusion coeff.

P(2S) will be regeneratedin the later stage of
QGP expansion,

—> P (2S) Carry relatively larger collective flow:

independent of c coupling strength

Baoyi Chen
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(2S) v.s. ]/

L L LA L L B =
0.5[ pata: ALICE Inclusive Jiw, 2.5<|y|<4, cent.0-90% dp = |z
: | | gg = @P+¢
04F +¥¥=:.g¥c Pb-Pb |/s,,=2.76 TeV - t
- = [,=1.21, i .
E -E-TLP=1.5TC 30-50% centrality .
0.3 Tl= -] T . . .
2| . 1 np = D:spatial dif fusion coeff.
0.2 regenerated y(25) ] DE c
: g “non-thermal charm + coalescence” can
0-1F B explain ]/ v, at 5.02 TeV?
O - . .
] e : ShaPEOfv2|S|mportant!
0-5:_ _: 25—
N i . ALICE inclusive J/y -=-- Prompt ]
- 8 D(27T)=4.0 ]
[]_4: ] 20:_1‘.'5NN=5.02 TeV Pb-Pb — — Prompt+Mag.field —:
- Cent. 20-40% (b=8.4 fm) —— |nclu.+Mag.field
[ 25<y<4 Prelimigary
I | + (transpgrt model)
o , ]
— \\ thermal b —:
A bt S
o 2 4 6 8 10 12
p, (GeVic) p, (GeVic)
B. Chen, PRC 95 (2017) 034908 .
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YP(2S) production

3. Internal evolutions of cc dipole wave
function
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Events / ( 50 MeV/c?)

Time-dependent Schrodinger equation

T;<01lfm Ty <To (~0.6 fm)
Pre-equilibrium QGP evolution (hydro) e
— — — — >
} Vee(r) = Cornell | pp data V.:(r,T) = Lattice (F,U)
T=0 T, . . .
Time-dependent Schrodinger equation
(Pb-Pb) cc dipole

J /P and ¥ (2S) measurements in experiments s | *©

25 g
Pb-Pb s, = 2.76 TeV, centrality 0%-80% )
1.77 10’ events T
10°F 15 (1.
: PRL109(2012)072301
» Opposits sign pairs 111
— Fit total
— Fit signal 05T
10°F My e Fit background ot
el 4 S.Digal, et al, EPJ, 05’
. | Ro'2
: 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
10° F
TEI AT I A T —
2 2.5 3 35 4 45 5 lcc >= c15(O)|J/P > +co5(D) |[P(2S) > + -+

m,,,. (GeV/c?)

Exp. measure the eigenstates of Cornell potential (in vacuum);
by dilepton decay.

cc dipole potential in QGP is COLOR SCREENED. transitions

22




Time-dependent Schrodinger equation

T;<0lfm Ty < To(~0.6 fm)
Pre-equilibrium QGP evolution (hydro) time
- — — — >
| Vee(r) = Cornell lpp data V.o(r,T) = Lattice (F,U)
(PE-TDt())) C;((}:Iipole Time-dependent Schrodinger equation
p O re_e~1/(2m,) ~0.07 fm
'
gcg/ C
. » j;y Radiiof]/{rand Y(2S): 0.5fmand 0.9 fm
go ¢ ¢ It takes some time to evolve into a
%\y j.Q charmonium,
p W,

Shorter for ground state, longer for 2S

Color screening change ccbar dipole wave function evolutions,
Change fractions of 1S and 2S in the dipole. .



Time-dependent Schrodinger equation

T;<01lfm Ty <To (~0.6 fm)
Pre-equilibrium QGP evolution (hydro) time
- — — — >
} Vee(r) = Cornell | pp data V.:(r,T) = Lattice (F,U)
PE) Ti’t()) :"FU _ Time-dependent Schrodinger equation
(Pb-Pb) cc dipole
2 R. Katz, P. B. Gossiaux, 16’

) 8 h .Z. Kopeliovich, et al, , 15’
Zha’d)(’)"’ t) — [_ ﬁ VQ —I—V(T‘, t)]'zp(fr’ t) '?azesléopSc!ng, etc\aI,tPILCP,Rlc_S'15

7!
r: relative distance between cand ¢ Wavefunction of eigenstates:
m, = m./2: scaling mass S
K ¢ Yiim (1) = Ry (1) Yim (6, @)
® Numerical n n n n
form: ( TO’E TO’E 0+1 oo \ ( %i \ ( Lo \
' Tio Tii Tis 0 4! 'Y
o T mpy mggt o || et | = I
A

NESE Y A G B
Matrix elements: T77T! =2+ 2a 4 bV a = iAt/(2m, (Ar)?)

Tl — pritl b= iAt .

3y+1 j+1,5 — @


http://inspirehep.net/author/profile/Katz, Roland?recid=1371854&ln=zh_CN
http://inspirehep.net/author/profile/Gossiaux, Pol Bernard?recid=1371854&ln=zh_CN
http://inspirehep.net/author/profile/Kopeliovich, B.Z.?recid=1317882&ln=zh_CN

Heavy quark potential at finite temperature

® mS eigenstate components in one dipole:
Ww(r, t ,.
s (1) = (B ()2 2) = [ R (1) v
BC, Du, Rapp, arXiv:1612.02089

® Heavy quark potential :

0-6:‘ T T T | T I T T T T T ':
< 055 | | =
> E =U 3
T T Q E L e — — — — — — — -
5 | FRTYo" o 04 | ,/’!' =
0.81 re L;' 0.3 | | V=F 11T,
25 (= = =
2 e O I 20T,
. & oo g prooeeeeees Jrroomerarras =
—0.1F | | =
L —0.2F | | =
05 :: J :,:i::::i:}:::} ——+—+ t ::
ol |<r>.lmr |<r>lp(2s; 4
05 |

b, g

- S w(28)
N | —
| 1
S.Digal, et al, EPJ, 05’ AN . ~

|‘T‘J .\ | | i L TP

® At ~2Tc, Strong color screenin for 1Sand 2S5 © 02 04 06 O-Sd_1 ;f )1-4 618 2
. radius (rm
® At ~1Tc, potential recover at <r(1S)>
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Initialization of cc wavefunction

€ Evolutions of one c¢ with different potential

TT T 1 I T T 1T I T T 1T I L | L | LI | T T 1T | T 1T 11T I LI

— 1‘0-_ V=0 Lines: Crank-Nicolson Method - 1'0_"""""""""""""""""""""'_
2 - Points: Analytic Solution i _— i V¢.5= Cornell Potential ]

2 s 2 o8k N
B 18 _
@© ] - s Jiy .

- - e - .
o 1 & 0.6_— .
s 1 e ]
S ] £ 04F .
12 1

i 0o ———————— e ——— —— _

] s ¥(2S) .

time (fm/c) time (fm/c)
Testing codes

Vee(r) =0 V.z(r) = Cornell Potential

With weak potential, the cC dipole becomes a loosely bound dipole, its
wavefunction expands outside.

TS5 the overlap between Pz (r, t) and W(2S) increase at first, then decrease
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Heavy quark dipole in Static Medium

1.0n Static Medium
. 8: V= F(Lattice)
8- T=1.5T,

g - Jhy

S 06

] |

o I

S 04}
0.2
004, T

arXiv:1612.02089

0 2 4 6 8
time (fm/c)

» At high T, Large density of partons, cc

wavefunction expand outside,

correspond transitions of 1S -> 2S

» At lowT, recovering of potential at mean
radius of 1S: 1S well constrainted,

mainly transitions of 25->1S
Additional parton inelastic scatterings may change the game.

znﬁ'-
1

15
AA

25
RZ/R

time (fm/c)

Baoyi Chen
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4. Photoproduction from electromagnetic
flelds at b < 2R,
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Equivalent Photon Approximation

Prog.Part.Nucl.Phys. 39,503-564, 1997

VAVAN
W o eB ~ m2 ~ 10186

v=0

charges moves at nearly speed of light - produce E-B fields

Strong Lorentz-contracted Electromagnetic field (transverse)
approximated as longitudinally moving photons

Equivalent-Photon-Approximation
Fermi, 1924’
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Equivalent Photon Approximation

Prog.Part.Nucl.Phys. 39,503-564, 1997

VAVAN
U e eB ~ m2 ~ 10186
WWw
m o Ultra-peripheral
collisions

charges moves at nearly speed of light - produce E-B fields

Strong Lorentz-contracted Electromagnetic field (transverse)
approximated as longitudinally moving photons
Equivalent-Photon-Approximation

Ze fl—> Fermi, 1924’
MW Pb — > Pb
Ve o
! Iy Yy+A-J/Pp+A
<« Ze
v~C

, oYY — cc(lD

Pb

I:V> — Cpur{:l]/purc> + Cpﬁlp{}> + le'—'ﬂ> + Cfﬁlﬁi’} + C.ffl,fflj/]:[f> + -+ Cqﬁqu>30

k 4



pr and b dependence

» Compare the p; and b dependence of
coherent photoproduction and hadroproduction

Charmonium hadro-production (initial distributions) in Pb-Pb collisions,
can be extracted from the scaling with pp collisions.

Works well for
RHIC and LHC

Normalized do {)/pq: _ 2(n—1)

distribution 2mprdpy 21t(n — 2) < p% >{)/p
> 2.76 TeV forward rapidity 2.5<y<4, : (ALICE data, pp
. | . / ]/l|J 5 ? | Inclusive J/y, 2.5<y<4 -
inclusiveJ/W < p? >1V=7.8 (GeV/c)? 3 . le-s0Tov
O, 4 m (s=2.76TeV  _|
— 4 =10
— El
- —— 30
Hadronic cross section drops to zeroat py > 0 | ®© :
-3 L L L T P NP
J.Zhao,B. Chen,arXiv: 1705.04558° 0 2 4 6 8 10 12

Physics Letters B 2017 P(GeV/c)
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pr and b dependence

Fractions of hadronic cross sections in different pT region

pr range (GeV/c) Rapidity differential cross

sectionat 2.76 TeV 2.5<y<4

0-0.01 1.9 x 107> e
o
— PP _
0-0.05 4.8x 1074 dy ~ 23ub
2 J/¥ J/ W J/ W
0-0.1 0.19% d°o,, _ doy, . do,,
0-05 4.59, Znprdprdy 2mprdpr  dy
= 8_"I""I""I""\IIII HAEELE DL DL LR B
0-1 15% g ,E LHC UPCs data —Pb.Pb2.76 TeV
3 F e Pb-Pb2.76 TeV E
6 = Pb-Pb5.02TeV “"Pb-Pb5.02TeV —
5F =
Coherent photoproduction: Ultra-peripheral 4
Photons interact with entire collisions 3F
nucleus, (photoproduction) of
pr~1/R, ~0.03 GeV/c 1

Exp. < pr>=0.055 GeV/c PRL 116,, 222301 (2016)
Baoyi Chen Frankfurt transport meeting Nov.2 2017




pT and b dependence

Hadonic initial yield N{4/A¢ — a;/p‘/’j d%x;T 4,(x7)Tg(xy — b)
=30 fm~%(b=10.2)

b=10.2 fm Hadroproduction | photoproduction
2.5<y<4

0 < pr < 0.04 0.47 x 107> 5.54 x 107°
GeV/c
0<pr<0.1 2.4x107° 15.7 x 1075
0<pr<0.5 50 x 10~° ~16 X 107>
0<pr<l1 179 x 107>
0<pr<3 772 x 107>

c+c—J/Y+g
regeneration
<0.3 3~5

- Pr (GeV/c)
YA-J/YA 99aq)~J/y g
Photoproduction Initial production ”



pT and b dependence

Hadonic initial yield NQ/A‘/’ — a{g/p‘/’j d%x;T 4,(x7)Tg(xy — b)
=30 fm~%(b=10.2)

100
50

400 T T
350 Pb (Woods-Saxon dist.) —
300; _: Overlap area between two
T o500 - colliding nuclei,
-g - 1~ the hadronic yields.
: 2001 -
< - ]
= 150;— =

e b b b Py o—tolotoigmd 1
2 4 6 8 10 12 14 16 18
impact parameter b (fm)

5

34



Photoproduction contribution

<al & r ‘ ‘ ' T
o 3 %J ALICE, Pb-Pb {s=2.76 TeV g STAR PrehTmary
6 25<y<4 % 10‘4 U+U 40-60% |
| (D -
& +  0<p_ <0.3GeVic, global syst=+ 15.7 % = - U+U 60-80% ]
4+ =
+ 0.3< p_<1GeV/c, global syst=+ 15.1 % B _4n-5 [ Hor--
u [« 10 E
el { _ 1<p_<8GeVrc, global syst=+11.5 % ':,_ frorenmnmmsm s nnanees -
B2 L
ol Cdmmon global syst = + 6.8 % S qgre [T -
o B + Au+Au 20-40% '
LHC -qu : Au+Au 40-60% RHIC
0.3 $ F o Aurhudooon
. 107 = Au+Au 60-80%
Y
0.8} ; -
074
0.6 “ 10-3 ; w : ;
0.5 10 10° 1 10
0.4\\I\‘I \I‘\II\I\II\‘\\\I‘\\\\l\\\l‘l\l pT(GeVIc)
0 50 4007 150 200 250 300 350
(N__ )

part

® Significantenhancement of J /¢ yieldin low p; < 0.1 GeV/c,
and peripheral and semi-central collisions

TABLE I: Information of QGP based on (241)D ideal hydrodynamics

® AtNp=100, TS " = 2T,

Hydro in LHC /syny=2.76 TeV Pb-Pb, 2.5 <y <4
. . . ) b(fm) N, T2 /T, | 720 (fm/c)
Similar with maximum T at RHIC Au-Au 5 106 56 =5
9 124 21 1.2
] 9.6 103 2.06 39 |
QGP effectimportant ! | 109 22 195 25 |
Photoproduction important ! 10.8 64 1.84 3.1




J /Y from hadro-production and EB field

Projectile B Target A
— -
__________ SRRA
e [ S v \
gt
b < 2R,

Heavy quarks (and quarkonium)
+ light partons (QGP)
Produced in the overlap area.

gglaq) ~J/Pp+g
—->Cc+cC

Transport model (heavy quarkonium)
of
lIj‘|‘ fow—-a¢f¢+ﬁ¢

Hydrodynamlcs (light partons)
a,T*" =0

b < 2R 0rb = 2R,

Produced in the entire nucleus
surface

YA-J/PA

dw Oya-j/pAtgep

NyA J dW )/ 1-.decay

NyA + Nhadro

Raa = Nhadro 36



J /Y from electromagnetic field

Mainly three ingredients:

dN
YA Y decay
N¢ X J dW_dW O-YA_)]/II)A FQGP
\Already Given before

dN
® Photon densityd—uj' emitted by one nucleus _

Poyntingvector  §(7 1) = E(F,t) x B(F,t) =5 |E(F,1)]*¢

s P
/ dt ] dr7 - §(7,1) = / / o wn(w, 1) <l
0 V~C

Energy flux of the fields Energy flux of equivalent photons

=N = —
dw (w) W factor is the Fourier

(Ze)? /°° dkp F((G2)? +k7) k2 transform of Woods-Saxon
B o (2m)2 (5)2+kz 02 distribution

N, 1 -
dN., /dfﬂET(ﬁ )2 Nuclear charge form

Photon density

T



J /Y from electromagnetic field

® Photon-nucleus cross section Oya—j/wA Widely studied in UPC
Start from photon-proton a.,,,

do(vA — J/A) 00 S.R.Klein, J. Nystrand, PRC, 1999
U(’YA — J/lDA) = AN i |t:0/ |F(t)|2dt Physics Roports, G.Baur, et al, 2002

tmin

With the optical theorem, above cross section can be writtenas J /iy — A
total cross section. With Geometry scale,

O-tot(J/wA) — /deT(l L e—Jtot(J/wp)TA(fT))

Using optical theorem again, and finally

dO' J €
yp—J/Yp |t:0 _ BJ/@DXJ/wW’Y;/w

dt
Measured by HERA data. Center of mass energy of
(main input of photo-production) photon and proton

Baoyi Chen Frankfurt transport meeting Nov.2 2017



J/¢ from EB field + QGP

Our formula for J /1 photo-production with QGP effect

dNJKw Ra 2T d3r N, (w,b+rcos(¢)) (" dra -
— d > fTD dTCtQ(;p(T,(;),b,T)
dy TR / / . dwrdrde Tyafpalw)xe
+ (y — —y term.)
—4 - — —_—
107 T T Photo- ] /4
o5, e ; / ‘\
HadroproductionV.s. § [ =%~ ] QGP
Photoproduction N 1
: 107°E 7 E
?; 2.76 TeV Pb-Pb 2.5<y<4 Hadro- J/¢
107 ; —=— photoproduction 3
E =& hadroproduction

-] R FEETE RN NN R ST ST PR S
1075750 100 150 200 250 300 350 400
N
» hadroproduction show strong dependence on impact parameter

(overlap between nucleus A and B).

Baoyi Chen Frankfurt transport meeting Nov.2 2017



Total J /1 from EB field + QGP

8:|||||: 10
C ALICE Data — pthD ] MESG D T T —— shadowing suppression
?Er 2.76 TeV Pb-Pb ——— init _: 0 g;— —— QGP suppression i
6 2.5<y<4 —-rege = 0.8F ~
5| P<0.3GeVic B total 1 . 07F LHC 2.76TeV Pb-Pb ]
2 F\ E 0.6 0<pT<0.1GeV ]
4;_ q4 o 0_55— 2.5<y<4 _E
3 | 1 o0a4f E
25_ | E 0.3E ression E
1§ 0.2F =
I N ] 0.1 =
%ﬁﬁ'mﬂﬁi'f""" n 0.0l b b b b b b L d

50 100 150 20?\I 250 300 350 400 %50 100 150 200 250 300 350 400

part part

W. Shi, W. Zha, B. Chen, arXiv:1710.00332

» Also significant enhancement at Np ~ 100, where TgGP = 2T, similar
with RHIC 200 GeV Au-Au (most central)

» WhenN ;.. 20 (b > 2R,),
hadroproduction-> 0, photoproduction-> nonzero, R 4,4~ infinity

Baoyi Chen Frankfurt transport meeting Nov.2 2017



prompt

3

R

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Total J /1 from EB field + QGP

- 276TevPb-Pb  — photo E
% 25cy<d 7 init E
- _r g
i b=10.2 fm —-rege E
- &fh total ]
=, £
S E
E 1 .
3 %&i&% i ‘mﬁ“ﬁﬂ -—-Tj
: :%«1._" ..... ]
e ~— %r'::' —
R irrrlrriir T e ]
- TN E
C Ll | ‘."“\,,d N

10

107

pT( GeV/c) 1

W. Shi, W. Zha, B. Chen, arXiv:1710.00332

2 — ces
& 10°F STAR Preliminary -
= Au+Au 200 GeV
.p+p baseline uncertainty
10 BN, uncertainty
- centrality: 20 - 40%
4 i)
11 [ ST
- L# O [ )
L | L L L [
107? 107" 1 10
P, (GeVic)

RHIC

LHC @ pT<0.05,yA4 — J/¢ Aimportant
® 0.1<pT<2-4,c+c—J/Y+g
® pT>4 primordial production

R 44 decreases, then increases
with pT
photoproduction = rege. = init.
& 10°F "'STAR Preliminary 1
i:::: l:::eﬁ:: uncertainty
10 | . HIN_,, uncertainty
| } centrality: 40 - 60%
L i ]
1; o . I,fli t
107? 1(;'1 1 | “io

P, (GeVic)
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Photoproduced 2S/1S

® Photoproduction is usually studied in Ultra-peripheral
Collisions, absent of hadronic collisions and QGP

Can photoproduction and QGP be BOTH important ?

Baoyi Chen Frankfurt transport meeting Nov.2 2017



Photoproduced 2S/1S

® Photoproduction is usually studied in Ultra-peripheral
Collisions, absent of hadronic collisions and QGP

Can photoproduction and QGP be BOTH important ?

0.6
0.5

0.4

No

0.3}

w(25
AA

Z 2f

0.0F

- (5,=5.02TeVPb-Pb o |y|<1.6,0-100%

¥ I

photo. (do?S, /dy)/(dc’S /dy) —>

[}
lllllllllllllllllllllll

;
P (GeV/c)

B.Chen, et al, in preparation

Baoyi Chen

Enhancement:

1 additional photoproduction on
{ both 1S and 2S

Suppression: QGP effect.

Independent of initial nuclear effects

43
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scaled density

1.5

1.0

—k
T T

| I
b=8.4 fm pTc:ﬂ.1 GeVic b=12fm p_<0.1 GeVic
= photoproduction = photoproduction
""" hadroproduction ====* hadroproduction

; H T H H
Y P P - T I L R Y Rl S Rl AWl AR RS Rl L

;_tribution of

- initial temperature distribution T initial temperature distribution

1 Temperature

sl T
8 64-202 46 8 8 6 4 -20 2 4 6 B

x-axis (fm/c) x-axis (fm/c)

ISpatial distribution of
hadroproduction and coherent photoproducti

» Hadroproduction:
in the overlap area of two nuclei,
where QGP are also produced.

» Photoproduction:
over the entire nucleare surface
photons interact with entire nucleus

2S/1S shape needs 3 factors:
1) QGP existence,

2) abundant photoproduction,

3) different spatial distributions

Baoyi Chen Frankfurt transport meeting Nov.2 2017



1 XI']_'S | | | | i | ' I ' I
Data - Cocktail STAR Preliminary
08 - Centrality: 60-80% pe>0.2 GeVie, Infi<l, ly <1
i 0<p. <0.15 GeV/c
— T o AuAu@200 GeV
© s UU@193 GeV
% 0.6 - —— Sum m
== In_Med p '

% k_|7 ---QGP )

S 04} N
= +
s Ry
Z .l 1 i

0.6 | 0.7 | 0.8 | 0.9 | 1
M., (GeV/c?)

At RHIC, photoproductionfrom y+ A—->p+ A, yy »ete” ?
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Summary

€ We study the charmonium production in the heavy ion collisions with QGP.
When most of final charmonia are from ¢ and ¢ combination,
charmonia behavior is closely connected with charm diffusionsin the
expanding QGP.

€ Y (2S) production is an interesting topic, and internal evolutions (transitions
between 1S and 2S) should be crucial for 25/1S obvervables

€ In the extremely low p regions,evenat b < 2R/,
photoproduction from strong electromagneticfields
can be larger than the hadroproductionin certain centralities.

€ We also propose the strong enhancement at p;<0.1 GeV/c and suppression at
high p of 25/1S, to be an probe for both photoproduction and QGP effects

Future interests:
electromagnetic fields induced particle production, EB-QGP, particle correlations, etc

Baoyi Chen Frankfurt transport meeting Nov.2 2017



