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MESON2016

THEORETICAL PREDICTIONS

» RHIC (/Sauas = 130,200 GeV) &
LHC (\/Spbp =2.76,3.5,5.5 TeV)

MARIOLA K-G
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EQUIVALENT PHOTON APPROXIMATION

UvrtraPEeriPHERAL COLLISIONS
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MESON2016

MARIOLA K-G
EPA

The strong electromagnetic
field is a source of photons
that can induce
electromagnetic reactions
in ion-ion collisions.

SEMI-CENTRAL COLLISIONS
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NUCLEAR PRODUCTION OF SINGLE
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NUCLEAR PRODUCTION OF SINGLE VECTOR MESON SINGLE MESON PRODUCTION

MESON2016

SINGLE VECTOR MESON PRODUCTION

A A A A
IP/TR
v v
IP/IR
1 A A 1
doa p—asev _ dPp (b, Y) N dPp, (b,y) )
d2bdy dy dy
dPq/2(b,y)

» point-like F(q) =1
> realistic F(q) = %= [ p(r)sin(qr) rdr
» monopole F(q) = A2A7+2q2 Am =5
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J/1) MESON PRODUCTION (UPC)
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NUCLEAR PRODUCTION OF ¢ SINGLE MESON PRODU
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po MESON PRODUCTION (UPC)
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(o]
n
o
S

Our result (quant.)
our result (class.)
GM

Yoo

LEGEND CLASSICAL MECHANICS APPROACH TO THE awt(poA)
- V.P. Gongalves and M.V.T. Machado,

Eur. Phys. J. C40 (2005) 519,

FSZ - L. Frankfurt, M. Strikman and M. Zhalov,

Phys. Lett. B537 (2002) 51,
KN - S. Klein and J. Nystrand,

Phys. Rev. C60 (1999) 014903
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po MESON PRODUCTION (UPC)
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LEGEND CLASSICAL MECHANICS APPROACH TO THE awt(poA)
- V.P. Gongalves and M.V.T. Machado,
Eur. Phys. J. C40 (2005) 519, > AP - p°
FSZ - L. Frankfurt, M. Strikman and M. Zhalov, o
Phys. Lett. B537 (2002) 51, +o) ~ 0,
KN 8 Hem o S NeLeand, > Br(p” = 7 n7) ~ 100%

Phys. Rev. C60 (1999) 014903 -
Y (1999) > vy st

> AA — AAnt
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7 PRODUCTION - v FUSION
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M. Ktusek and A. Szczurek, Phys. F¥ev. C87 (2013) 054908,
"nta~ and 7070 pair production in photon-photon and in ultraperipheral ultrarelativistic heavy ion
collisions”

5
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A NUCLEAR CROSS SECTION

,,,,,,,,,,,,,,,,,,,, ; = / 2rbdb N(w, b)
A Rmin
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do/dM,.. [mb/GeV]

R PRODUCTION OF ¢
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p° PRODUCTION
VS.
TWO-PION PRODUCTION
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VS.
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NUCLEAR PRODUCTION OF VECTOR MESONS DOUBLE-SCATTERING MECHANISM

MESON2016

DOUBLE-SCATTERING MECHANISM

IP/IR IP/IR 5 IP/IR.
; Vv

MARIOLA K-G
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% % IP/IR %
& V & v v v
IP/IR IP/IR & IP/IR

doa Ay A A0 1/<dP~,/P (b, y1) n dPp, (b, }’1)>

dy;dys 2 dyy dyi
<dP,yp (b, yg) n dPP~/ (b/ y2)> d2b
dy» dy>

(pU’s have negligibly small transverse momenta)
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p”p- PRODUCTION - vy FUSION
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Ref.
M. Ktusek, W. Schéfer and A. Szczurek, Phys.Lett. B674 (2009) 92,

"Exclusive production of p° o0 pairs in v~ collisions at RHIC”
+ back-up slide

Low-ENERGY AND VDM-REGGE COMPONENT
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DOUBLE-SCATTERING MECHANISM
VS.
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DOUBLE-SCATTERING MECHANISM
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SMEARING OF po MASS

MESON2016

SMEARING OF p° MASS

Drell-Séding contribution:
A /mmpo
A(m) = Apw

2 .
m2 — meo + impo

3/2

2 2

:rompo m- —4mz
m \ mPy —Am2

MARIOLA K-G

+B’7T7T

SMEARING OF p° MASS

Parameter ZEUS STAR ALICE

mo [GeV] 0.77 +0.002 0.775+0.003 0.761 +0.0023

I [GeV] 0.146 ==0.003 0.162 +0.007 0.1502 +5.5
fg;\} [GeV /7] 0.669 0.89+0.08 0.5+0.04

m[GeV] (0.55 - 1.2) (05-1.1)  (0.28 —1.512)
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SMEARING OF po MASS
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SMEARING OF p° MASS
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Drell-S6ding contribution: ————
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[ ALICE
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> :
& f ]
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< | /N e < e
oL/ O\ L | Sweawg o 7 s
WA\ ]
Paramete T 1 ALICE
mofGeN [ SN { 37 0.761 £ 0.0023
(6o 10t I 7 05022535
| £xx | 1€ m [GeV] 0.5+0.04
BW
m [GeV] 1) (0.28 —1.512)
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SMEARING OF p° MASS
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Drell-S6ding contribution: ————
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Not oNLY UPC

CENTRALI']:Y (s \ MESON2016
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PBPB%PBPBJ/\U ((SEMI-CENTRAL/PERIPHERAL )

ONLY UPC
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ANALYSIS FOR A FORWARD RAPIDITY RANGE - GOOD AGREEMENT ‘
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CONCLUSION

MESON2016

CONCLUSIONS

l. - strong el-mag field — photons that can induce
el-mag reactions in A — A collisions

2. Impact parameter space approach

Realistic form factor

UPC: Good description of
» STAR and ALICE data for p°(770) production
» CMS and ALICE data for J/v production

do pppp—s poPb /o Y=0:UPC) -
dy ~

MARIOLA K-G

Rl

2mb

5. More central: Good description of
» ALICE data for J/+ production

photoprod.

99 bpPb—sJ /4

(y=0; b<Ra+Rp)
dy

~ (1.00/1.55) mb* CONCLUSION

d y=0
* %’”() = 4.31 + 0.99 ub @ no. of binary collisions

@ experimental nuclear modification factor

d. —0
N O‘Pbej;/qp(y ) ~1mb
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CONCLUSION

MESON2016

CONCLUSIONS

MARIOLA K-G

6. Smearing of p° meson
7. Comparison of four-pion production via p°p°

production
> ~~ fusion
» nuclear double-photoproduction (very large)
Energy mechanism o 1ot [Mb]
RHIC (v/snny = 200 GeV) | pP°p in double-scattering 1.6
—|l- 090 in v~ fusion 0.1
—I— ata = atx ™ in ~y fusion 0.1
LHC (v/syn = 3.5 TeV) po in photoproduction 4089.3
—||— 7wt w ™ in vy fusion 46.7 CONCLUSION
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USION

MESON2016

CONCLUSIONS .

8. Coherent V production in AA UPC
with electromagnetic dissociation of heavy ions

Single Double Mutual excitation
A A A A A AL(BF = B
“og “ R i B L, B
h, , KN B
5 5 5 R 5
Ref. Ay ANE*=E) A AS(E*=E) ASE*=E+E) A AS(E5 = Es)

M. Ktusek-Gawenda, M. Ciemata, W. Schafer and A. Szczurek, Phys. Rev. C89 (2014) 054907,
"Electromagnetic excitation of nuclei and neutron evaporation in ultrarelativistic ultraperipheral heavy ion
collisions”

AA — AA*(kn) X1 Xz AA — AA*(kn)p(_)
h %—% 3 b % . 8 CONCLUSION

—x,

n

a
Ay 1
V\,\/\’V\,—h\J %114
‘ -——>)"
M —sx,
3 T, 5~

Ay B
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CONCLUSIONS .

8. Coherent V production in AA UPC
with electromagnetic dissociation of heavy ions

Single Double Mutual excitation
A A A A A AL(BF = B
“og “ R i B L, B
h, , KN B
5 5 5 R 5
Ref. Ay ANE*=E) A AS(E*=E) ASE*=E+E) A AS(E5 = Es)

M. Ktusek-Gawenda, M. Ciemata, W. Schafer and A. Szczurek, Phys. Rev. C89 (2014) 054907,
"Electromagnetic excitation of nuclei and neutron evaporation in ultrarelativistic ultraperipheral heavy ion

collisions”

AA — AA*(kn) X1 Xz AA — AA*(kn)p(_)
h %—% 3 b % . 8 CONCLUSION

—x,
b Ty by T
Ay Ay Ay Ay
V\'\,\/H,—h\ ‘1111114
‘ ' Thank y0U -——>)"
M -y,
5 T~ 5 <
5 MESON2016 KRAKO - 7" JUNE 2016 24/30
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ELEMENTARY CROSS SECTION vy — p9p°

MARIOLA K-G

a?) o /
tmax(s)dghigh—energy 3 IP/IR
high—energy ~yy—p0p0 d’i
0,0 T ~ s -
ete . dt n‘v[:q::/ pﬂ* pu
tmm(s)
3)
high —energy
do
0,0 1 N 2
yr=p%00 _ 33
T = s Mo ,0,0 (B A a)| )
M p0,0 (é, t; q17CI2) =C, 00, ,0M 0% 05, ,0,0 (3, tar, qz) (5)
X R s\ op()-1 R s\ or(l)—1
M 0w 0%, 0,0 (5 6G1,02) = [np(81)Cp | — +7Rr (5:1) Cr | —
pU* pP* —plp! ( ) ( ) So ( ) So CONCLUSION
><sF(t q1z0)F(?q§%0) (6)
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CONCLUSION

NUCLEAR CROSS SECTION MESON2016

MARIOLA K-G

TA Ap—s A AX = / dwy dwo Ty x (Wi, w2)
. _ / N (w1 7 b1 ) N (w2‘ bz)sgbs (b) CONCLUSION
WS T X 0 (/SA4)
— - W
; x 2rbdbdbydby 1AW, dYy  (8)
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AA—AApP°p° - FORM FACTOR

MARIOLA K-G
> realistic
N (w1 /2. b4 /2) depends on the form factor

» monopole

10— 10—
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10

do(AuAu—AuAup®e®)/db [nb/fm]

CONCLUSION
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I Excitation function 'yAX — knA71X¢ I
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