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Photon interactions in A+A

Ann. Rev. Nucl.
Part. Sci.55:271
(2005)

v:c_ i * V=p,o ,0, J/\V
-~ . Photon-photon Photon-nucleus

® This large flux of quasi-real photons makes a hadron collider
also a photon collider!

v" Photon-nucleus interactions: Vector meson Physics
. . _ Today 70,
v' Photon-photon interactions: dileptons ... 10, 40
(2017)

® Studied in ultra-peripheral collisions (UPC) to reject hadronic
background.
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Vector meson photon-production

@® \/ector meson production:
v chargeless ‘Pomeron exchange’
v Light meson production usually
treated via vector meson
dominance model:
p, direct t*1, w....
v' Heavy meson production

Huge uncertainties!

treated with pQCD: &£
Jhy, ', Y(1S), Y(2S), Y(3S)...

® Sensitive to the gluon :

[ ] EPSS16

[ InCTEQ15

Q2 =2.4 GeV?

M| ]

distribution:
do(yAd — V A) ) -
- 16T xGylx ok
dt —o 30 ™ 2Galx, 7))
M eiy
x = Vﬁ Q2 = M3 /4

1072 107

EPJC 77 (2017) 163
PRD 93 (2016) 085037
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The J/wy photoproduction in UPCs
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2.5;— El —; 2.5? *;
2 i 1 o 4
1.5F = 1.5F  ALICE =
1;— [#] —; 12— ¥ LHCb —;
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EPJC 73 (2013) 2617 LHCb-CONF-2018-003
PLB 718 (2013) 1273 arXiv: 1904.06272
PLB 772 (2017) 489
Various precise measurements!
The constrain on nPDF?
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The framework: impulse approximation

doaa—aarp(y) N
i = No/aW)oyasg/pa(y) + Noyja(=y)oyasgpal—y)
© ZE Yp—=J/yp Mﬂiﬁ"g}:‘(f
. 3 et % o H12000 1
25" -
é e —cl my+My,, ’ 15( Eip )6 —.—gl;)/IFC E
TR AL [
E i ¥?/NDF = 113.6/116 o E87 7
1 Cy=802+09 e
§=0.321£0.005 —+— Cornell :
. - . 10 102 10:E,1p (GeV)
Equivalent photon approximation 7. Cao etal., Chin. Phys. C43
do(vA A
o (A > 3/ A) = o(y ;J/w ) g (2019) 064103
t=0 impulse approximation
- — — — wp
f|Fp(kp)‘2d2kPL kp = (kpy, I) deA/dt|t=0: dcyp/dt|t=0 X A?
1 M2 — —bt
op = Loty ety = Mt doyy/dt= oo X e
2 4w

dep/dt|t=0: G'Yp X b
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The results: impulse approximation

do/dy (mb)

10— L L I L = 12 T B TR L A I L
- . . . — 0 _
9 . ::_T(I:UES ;?g_':;?;:i':;tm" — é B impluse approximation|
8f- ALICE forward-rapidity —| & 'f * ALICE P
7F cmS 4 8 [ LHCb i
- 4 8~ =
o | Pb+Pb @2.76 TeV . 1
sE- E o Pb+Pb@5.02TeV -
4 E B :
3F \ = ar n
- ry 3 i J
2 E 2| -
1= = B i
03 0 1 2 3 2 E 0 0 1 = 3 i 5
y y
O The impulse approximation significantly overestimates the data =>

Significant shadowing effect
O The difference becomes smaller towards forward rapidity => Less
shadowing effect towards high x
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The EPSS16 and nCTEQ15 nPDF sets

— 10 [ T T ' L) L) ' L ' L) U J ' v v v v v T ] — 10 - 1 T T T ‘ 1 T T T | T T T T 1
o F ] EPSS16 ] o F ]
E of e  ALICE mid-rapidity = E of I;I Rirgg:nsl d-rapidity =
F Pb+ ALICE f d-rapidity 3 - - E
5 8:_Pb Pb @ 2.76 TeV : ALIC orward-rapidity 3 E- sf- ALICE forward-rapidity ]
I = 8 7 CMS E
6 E 6 Pb+Pb @ 2.76 TeV E
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:5- 12 T T T ] 3 12_ LA L S B B B S B B B B ]
£ Pb+Pb @ 5.02 TeV : E T [ ncTEQ15 i
> 10 [_]EPss16 — 2 10 e ALICE =
< e ALICE . 5 I Y LHCb :
© s v LHCb . © sl -
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4 ] al- _]
[e] f [#] ]
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52 - 52
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The Bayesian reweighting of nuclear PDFs

The PDFs replica f;, can be constructed by the Hessian error set:

fff_f,—
ﬁ:&+2(&2&)m

[

Any quantity O[f] depending on PDFs can be determined via:
Nrep

For a new measurement, ¥ = {¥1,¥2, - ¥Yn}, the reweighted PDF could
be evaluated by:

Nrep
1
(O>ncw — N Z’ka[fk]
rep k:l
(Xk:) 2(n=1) e~Xk/2 n
2 — U — 1 10 .
T A TN ()i Xk fi) —MZ:l(yz vl fu)eov i (y; — v; [ fi])
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The reweighting nPDF for EPSS16 and nCTEQ15
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[ ] default
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The reweighting dramatically reduce the uncertainty band of EPPS and
NCTEQ15 PDF sets.

Significant shadowing effect has been observed in both reweighting
PDF sets at small x.
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The reweighting nPDF
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The reweighting nPDF
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To test the Wave-particle duality

® The choice without - e’

Information: _— T
v" Which is photon emitter? b
v" Which is the Pomeron

prOV|der’) Nuclcus:
The slits: two colliding nuclei Jhy
Interferometer of individual J/y ot e
The parity of J/y is -1, the phase Interference of particle species: photon, electron,
shift between the two slits is =« proton, neutron, atom, molecule, fullerene...
"20 """" LA [FLLULE [ AL LR A AR L] URL L a ’80-5 :1|gj
=15 Slit separation 3 0 0
- %ol "
ol b=15 fm o b
5;_ . 0.1_— 10:2
of— (i :> :> o 134
C 10-5
o o >3 0
o =
C 10-10
-5 04l o

) \ '-.5-0.4-0.3-0.2-0.1 O 01 02 03 04 05
x (fm) p, (GeVic)

Interference fringes + diffraction rings
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From UPC to HHIC: J/y exess

<80 _ 102 ———— ——r ———rr -
ig gwg ALICE, Pt;—:b< \/§<N; 2.76 TeV S A B0B0% ]
=Y : @'] * Au+Au 40-60% -
5r 0= p_<0.3 GeV/c, global syst = = 15.7 % ~ ® E + Au+Au 20-40% ]
4r 0.3 = p, <1 GeV/c, global syst = = 15.1 % e @ 2 ::: ig:g:i: _
3r 1< p_<8 GeVl/c, global syst=+ 11.5% - [] p+p baseline uncertainty
' S I 60-80% N__, uncertainty -
ol w Common global syst = + 6.8 % B _ E}% Il 40-60% N__, uncertainty i
= 0 @] [ 20-40% N__, uncertainty -
PRL 116, 222301 (2016) N i) * q
i @F - sTar v m " i :
83* % @ i T
06 @ 107 10 1 10
i _ p. (GeV/c)
e arXiv:1904.11658 T
04 ~""50 100 150 200 250 300 850
(N g ?
Coherent produced J/wys are observed in HHIC!
The reaction plane can be determined in HHIC.
CLHCP2018 - Wangmei Zha 13



Can we change the distance between the slits?

- 10-15%

0.2

0.4

ZDC Energy Sum

0.6

o 45 0 5 0 5 10 15 20
x (fm) P, (GeVic)

£
> 15
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5
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o 45 40 -5 0 5 10 15 20

)
8

T

I].IJllIIIIIIIIlIIlII | I

u T
0 200 400 600 800 1000 1200 1400 1600 1800 2000
BBC Charge Sum

x (fm) p, (GeVic)
i ¢ RN B ® The slit separation ---
iy sy k1B Impact parameter can
20 - 30%° i | e be precisely
. i | determined by the
b =R i detector!
o 45 40 -5 0 5 10 15 20 2S04 43 8201 0 010203 0508 1T
x (fm) p, (GeVic)
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Can we dim one of the slits?

2 R 3 it
$ s | The photon energy from
| 312}, the two direction :

0.2

Y=0 “E o )
: | W = S Mpyet

045 : j 10"
.E‘ L Loty | i { PSR YL 10" 1

4'-‘.5 04030201 0 0102 03 04 05

p, (GeVic) Wy, = E M]/\I,e B

y (rm)

y (rm)

® The amplitude from the
. two direction will change
an. with rapidity!

208 (PSR YPRIT IR 0,5 BN T o7t "
“20 45 0 5 0 5 10 15 20 3504030201 0 010203 04 05
x (fm) p, (GeVic)
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Observation Affects Reality!

O Take the Young’'s Double-Slit Interference Experiment as example:
v If we place detectors at the slits, knows which slit the photon goes
(“which-way” or “path” solved), the interference pattern disappear!
--- Observation collapse the wave function!

g J. Phys.: Conf. Ser. 856 (2017) 012002 spectators =R R o

€ Kigal el participants

O The strong interactions in overlap region detect the J/y, and prohibit
the coherent photoproduction?
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The Iinterference with observation effect

Exclude the amplitude in

- 10"
the overlap region!
L[] 10—7
10*
A
%10 o 10
0.8 _gzo; :z:
0.6 >15F :tor_::
5 -4
0.4 10‘: ::-15
5 Sl
0.2 5'.' Pt g ::.n
o, 4'3
0 o 504030201 0 010203 04 05
- x (fm) P, (GeVic)
-0.2 5 -0.2
0.4 100 04
: 3
-0.6 155 06 5,
-0.8 2qbuis -0.8
250 45 40 -5 0 5 10 15 20 %0 -5 10

x (fm)

® The interference and SEEERR A
diffraction pattern
change significantly with
the observation effect!

o7 (LT T Y E 9, VY s ol Wvvs A0 PR IVOY |
Mo 45 40 5 0 5 10 15 20 9504030201 0 010203 0408
x (fm) P, (GeVic)
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The observation effect on cross section

W. Zha etal., Phys. Rev. C 99, 061901(R)

() AutAu @200 GeV |y| <1} (b) Pb+Pb @2.76 TeV2.5<y <4
pT < 0.1 GeV/c p < 0.3 GeV/c

lllllllllllllllllll
llllllll
'
vt
(A
(R}
Ay
‘|
.
K

10°F : ,
- ««.only diffraction term °-.

f —w/o observation effect
wl observation effect

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

N N

part part

O The observation effect significantly reduce the cross section!
O The calculations with observation effect describe the data better!
O More precise experimental measurements are needed
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Summary

0 Constrain the nuclear PDF:

i 2 T T T T T T T T T ™) g 2: T LA LR T T T T T T 3
9 g EPSS16 E U nCTEQ15 E
' [ ] default . E [ ] default 3
16 [___] reweighting — 1.6 [ ] reweighting E
1.4 _: 1.4:— ]
1.2 1.2?
1 1:—
0.8 0.8:—
0.6 — 0.6
0.4 - 0.4:— _7
0.2— _: 0.2:— _:
T Y B ] ot el Ll | ]
10 10° 102 107" 10 10° 102 10"
X X

O Test the Wave-particle duality

10_3 C I 3

- — T T ——— T [(a) AutAu@200GeVly|<1 I (b)Pb+Pb@2.76 TeV2.5<y<4 ]
3 & | LEMAEN (BRI DR AT TN SR PR N R ;] = & [ T ]
=il . . B p_<0.1 GeVic I P <03Gevic -
105— o4 102‘ o4 s |

h o o
T T T
& © 9
B ~
h o o
P
S o =]
N N

F E -5 .
04 0 o« 107F  only diffraction term

5 e ey L f —w/o observation effect
0 g e ' wl observation effect
x (fm) x (fm)

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

part Npart
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Backup

do/dy (mb)

® Use mpulse approximation for proton reference
JHEP 1310, 207 (2013)

5; | Tt L ""E E 2 L ' tr T E
455 . CMS2.76TeV E ® 18 % Eg?gg’;s E
af o ALICE 2.76 TeV = 16 — VMD =
3 55_ » ALICE 5.02 TeV = 1.4 3
TE o LHCb 5.02 TeV = ' Y
3;— —; 1.2
2.5F } % % -
2F : E
15F - + =
1= {» + = 0.4 >
0.5F - 0.2 =
oF 0 ! IR T I pre -
y X
LHCh-CONF-2018-003 EPJC 73 (2013) 2617 EPJC 77 (2017) 163 PRD 93 (2016) 085037
NPA 967 (2017) 273  PLB 718 (2013) 1273 VMD approach describe the
PLB 772 (2017) 489 data reasonably well!

Significant shadowing effect at small x!
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