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Plan

1) yy - pp reaction
* non-resonant proton exchange contribution
« f, meson contribution
* hand-bag approach
2) results for yy - pp
e comparison with data from e*e collisions

3) predictions for Pb Pb = Pb Pb pp

Based on:

M. Ktusek-Gawenda, P. Lebiedowicz, O. Nachtmann, and A. Szczurek,
From the yy — pp reaction to the production of pp pairs in ultraperipheral
ultrarelativistic heavy-ion collisions at the LHC, Phys. Rev. D96 (2017) 094029



Nuclear reaction

208pp +208pp —208Pp +298Ph 4+ p + p

A A
p
p
A A
0AA—AApp (V/S44) = /O-’Y’Y—WP(W’Y’Y)N(wla b1)N (w2, b2)S3,(b)
Woy T I
X AWy dY pp dby, dby 27 b db
Wy = Vdwiwy see talks by Antoni & Mariola

1
Ypp = 9V Yp + ¥p

The quantities EX, Ey are the components of the b, and b, vectors which mark a point
(distance from first and second nucleus) where photons collide and particles are produced.



Yy = pp reaction
* nonresonant proton exchange
(k1) p(ps) (k1) p(p4)
f | P
’Y(kz)::::I:p(m) v (k2) p(ps)
. s-channel tensor meson exchange - 1,(1270) and £,(1950)

* hand-bag mechanism (M. Diehl, P. Kroll, C. Vogt, Eur. Phys. J. C26 (2003) 567)
q
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Proton exchange contribution

v(k1) p(ps) (k1) p(p4)
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i (pf,p) = —ie [’YuFl(QQ) + 5 UMVQUFQ(Q2>] . q=p —p
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F, and F, are Dirac and Pauli form factors of proton, respectively;
for real photons: F;(0) = 1 and F,(0) = k,=1.7928

Virtual protons are off-shell. We take the off-shell dependences into account
via multiplication of “bare” amplitude by an extra form factor

2 2
M(p exchange) __ Mégf:Change) F(t,u, S) : F(t,u, S) _ [F(t)] —|: [F(u)]
1+ [F(s)]?

[M.Poppe, Int.J.Mod.Phys.Al (1986) 545]
t—m, - —(s — 4my) 2 2 4 2
F(t)exp( 12 p), F(s)exp< 12 p), F(mp,mp,4mp):1
p p

Our amplitude satisfied the gauge-invariance and the Bose-symmetry relations. 3




Comparison with Belle data
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» Clearly, the proton exchange contribution is not sufficient to describe the Belle data
[C.C.Kuo et al. (Belle Collaboration) Phys. Lett. B621 (2005) 41]

« Pauli-type coupling is very important, enhances the cross section considerably.
Large interference effect of Dirac- and Pauli-type terms in the amplitude
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Angular distributions
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« Closer to the threshold energy the angular distributions become flatter and flatter

« We find dominance of the amplitudes gy, and y,. Contributions of y;, y,, Y., and g,
are suppressed in cos® = x1. This is clear from angular momentum conservation.



f2 meson contribution

p(ps3)

i) (f2 exchange) - L (fapP) af
f2 MUz exehange)  — (3 G(p3 )il 2PP) P (ps py) v(ps)
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« f,yy vertex

Z.FEL{/Q:;\Y)(]{M ka) =i [2af2’w FéfQﬁW)(S) P,l(,l,ol/)lﬂ)\(k]J k2) — b fayvy £y

F(fz’Y’Y)

(s)

F/(fz/)m)\ (kl ) kQ)}

where a and b parametrise the so-called helicity O and helicity 2 f,-» yy amplitudes
[C.Ewerz, M. Maniatis, O. Nachtmann, Annals Phys. 342 (2014) 31]

. f,pp vertex

5%(293 —pa)x + 5%(293 — Pa)k — ng(]ég— ]54)] ) ()
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Here g}‘; Lp

The complete fopp vertex function is given by

TP (ps,pa) = Y TP (ps, pa)
=12

+ f,propagator iAl2, (p) iP3) o (ps) AP (p?)

2

(j =1,2) are dimensionless coupling constants and My = 1 GeV.
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Helicity amplitudes for yy = f, = pp
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Af ,pow
« We assume the same form for the form factors F(s) = ~ _T_(I?S_m?e2)2

fo,pow



Angular distributions
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Here the model parameters (form factors, coupling constants) are fixed arbitrarily.

Only the y, and y, amplitudes (solid line in left panel) are favored by the Belle data.



Hand-bag approach

(ki) d (/\) . pps)  The yy - pp amplitude factorizes into

a hard yy - qq subprocess and a matrix
element describing the soft gg — pp transition.

[M. Diehl, P. Kroll, C. Vogt, Eur. Phys. J. C26 (2003) 567]
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Misgsamims = Asgsg,mims + NG [253A—5334,m1m2 + 254¢433—34,m1m2] + O(mﬁ/s)

Asgsgr— = —(=1)P " A_gy 5y =
S

t—u NG
traem = {Baimss =Ry (5) + 2530, s, [ Ra(5) + R ()| = S-=04,, R (s) |

2my

The gg - pp transition form factors R (s), R,(s) and R(s) were determined

phenomenologically. We neglect the term with R (s) and assume 2\5 gpgzg —0.37.
P A
[formula (45) of DKV]
We parametrize R (s) = C,/ s with C, a parameter of dimension GeV? which we shall determine
from a fit to the Belle data.

Due to different phase conventions we have: (2ss,2s4|T|E, F)np = 284ﬂ5334,i¢

We cut off the region of small |[t| and |u| where the hand-bag approach does not apply.
We multiply the hand-bag amplitudes by a purely phenomenological factor:

Feore(t,u) = (1~ exp (A%b)) (1= e (Ai%w»



Comparison with experimental data
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One can observe the dominance of the 7(1950) resonance term at low energies.
We slightly underestimate the Belle data around WW= 2.6 GeV.
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Due to the large error bars of the OPAL and L3 data
only the comparison of the model results with
the Belle data gives significant information.
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Predictions for nuclear reaction
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« 1,(1950) contribution dominates at low W, = M_; and at z=0, 1
« p-exchange contribution is concentrated mostly at larger M ; and z= +1

e Cross section is concentrated at y, = y;



Predictions for nuclear reaction
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We predict 46 events for |y| < 0.9, p, >1 GeV, and L;,; = 95 b -1 (ALICE)
- important background for coherent J/w = pp photoproduction
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Conclusions

To describe the dynamics of the yy —» pp process we take into account not only
the non-resonant proton exchange contribution but also the s-channel tensor
meson exchange contributions and the hand-bag mechanism.

In our calculation of non-resonant contribution we have included both Dirac- and
Pauli-type couplings of the photon to the nucleon and form factors for exchanged
off-shell protons. We have found that the Pauli-type coupling is very important,
enhances the cross section considerably, and cannot be neglected.

We have shown that the Belle data for low yy energies can be nicely described
by including the 7(1950) resonance.

Having described the angular distributions for the yy - pp process we made
predictions for Pb-Pb collisions. Both, the total cross section and several
differential distributions including experimental cuts were presented.

We predict large cross sections (e.g., 100 ub for ALICE cuts, 500 ub for CMS cuts).
This opens a possibility to study the yy = pp process in UPC at the LHC

and may provide new information compared to the presently available data
from e*e collisions, in particular, if structures of y .. distribution can be observed.
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Comparison with experimental data

set A parameters

1 IIIIIIII 1 IIIIIII| 1 IIIIIIII

| IIIIII|

I
| |cosO| < 0. 6
l @ Belle

"y,
",

‘1,
“
.
Vay;

proton exchange
— — £,(1950)

---- £,(1270)
hand-bag

| IIIIII|

[ IlIIIIl

R2» g "
.
*
L2
¢ b4 H
e d
L d
-
oV !
“1 N
hl‘ e
IIIIIII|

'
,,,,,
1y

'
ey,
"""
,,,,,
i

LF o CLEO Ts i
E | A VENUS 8l AN
=1 & 13 kS i
L1 v OPAL i 3

| | | | | | | | | | | | i | ’s | | |
2 %) 3 3.5 4
W, (GeV)

10

107!

1072

set B parameters

I IIIIIIII 1 IIII!II| I IIIIIIII 1 IIIII1I|

| IIIIII|

J
1
|

------
~»
-
.
.

1
20
L

%
‘o,
,
o,
“

proton exchange
— — 1,(1950)

---- 1,(1270)
hand-bag

“,

ICOSGI <0.6 \ -
e Belle *. \\
[ | CLEO ‘<\ ‘0. i
A VENUS ™ ~
o L3 Ye RN
v OPAL ;i
| | | | | | | | | i TS | | | | | l | |
2 2.5 3 3.5 4
W, (GeV)

One can observe the dominance of the 7(1950) resonance term at low energies.
We slightly underestimate the Belle data around WW= 2.6 GeV.



Table 1: Model parameters and their numerical values used.

parameter for

eq. value (set A) value (set B)
non-resonant pp
P 1.7928 1.7928
Ap 1.08 GeV 1.07 GeV
f2(1270)
0 fyre @ 1.45 GeV—3 % 1.45 GeV—3
D fyrny €249 GeV™! | £2.49 GeV™!
M 1 GeV 1 GeV
gD 11.04 11.04
o o :
Aty pow 1.15 GeV 1 GeV
Jf2(1950)
Ay Ty £ 13.05 GeV=3 | £ 12 GeV 3
bf2177 0 0
9}2;919 0 0
Aty pow 1.15 GeV 1.15 GeV
hand-bag contribution
Ca Ra(s) =Ca/s 0.14 GeV?
C~'A Ra(s) = C~'A/82 2.5 GeV4
Ahb 0.85 GeV 0.85 GeV




Resonances that may contribute to yy = pp reaction

Meson m (MeV) I' (MeV) Lps/T Iy, /T

f2(1270) | 1275.5 £ 0.8 186.775°% (1.42 £0.24) x 10~°
f2(1950) | 1944 £ 12 472 + 18 seen seen

n.(1S) | 2983 £0.5 31.8£0.8 | (L.50£0.16) x 1073 | (1.59 £ 0.13) x 10~ *

Xeo(1P) | 3414.75+0.31 | 10.5+0.6 | (2.25+£0.09) x 1074 | (2.23 £0.13) x 104
Xe2(1P) | 3556.20£0.09 | 1.93+0.11 | (7.54+0.4) x 107° | (2.74 +£0.14) x 10~*
n.(25) | 3639.2+1.2 | 11.3732 <2x1073 (1.9 +1.3) x 104

« Above we listed also the sub-threshold 7,(1270) resonance

The meson masses, their total widths and branching fractions are taken from PDG

Our knowledge about the £,(1950) resonance comes from the BES and the CLEO analyses
for y(2S) - y£,(1950) - ypp

The tensor mesons were also needed to describe the Belle data for yy —» nmrm processes
[see e.g. M. Klusek-Gawenda and A. Szczurek, Phys. Rev. C87 (2013) 054908]

The charmonium states (1., x.,) have small total widths thus they will appear as narrow peaks
[see e.q. P. Lebiedowicz and A. Szczurek, Phys. Lett. B772 (2017) 330] for yy = yy reaction
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