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Diffractive and electromagnetic processes at high-.energies

D oad Ll ok ™ mmiecs At 2 17 N1 AN



Single diffractive production

single diffractive dijets

single diffractive W*

single diffractive jet+photon

single diffractive c¢ or charmed mesons
single diffractive bb

single diffractive J/y

single diffractive I/~

single diffractive H

single diffractive W W~
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Single diffractive production

@ central diffractive dijets
@ central diffractive W*

@ central diffractive cc
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Exclusive processes

pp — PP’ @. @

pp — ppd/w, ', T (saturation)

pp — ppH

pp — ppcc

pp — ppbb, background to Higgs

pp — ppW+ W™, anomalous couplings
pp — ppHTH™ (FCC?)

pp — ppyy. KMR and yy — yy

pp — ppl*l_, yy and exclusive Drell Yan
pp — ppy (RHIC?)

pp — ppZO (upper limit)

pp — ppr’ (ALICE?) g‘i
pp — pnrt (ALICE?)
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Exclusive reactions

PP — ppn

pp — ppr’(— yy)(technipion)

pp = PPXc(0). xo(1). xc(2)

pp — ppr T, search for glueballs
pp — PPK K™

pp — ppp’p° or pprt Tt e

pP — ppPPP

pp — ppJ/wd/w, BL pQCD mechanism

semi-exclusive processes with proton excitation and dissociation

5/104



Ultraperipheral collisions in heavy ion collisions

AA — AAnT

AA — AAQ°

AA - AAJ/y

AA — AA,oo,oO (yy and double scattering)
AA = AAJ/wd/y (only yy)

AA = AAyy. yy — Yy

Semi-central photoproduction collisions

Electromagnetic dissociation of nuclei (neutron emissions)
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Diffractive charm production

Resolved pomeron model (Ingelman-Schlein model)

recently very detailed studies in collinear approach:
Luszczak, Maciula, Szczurek, Phys. Rev. D91 (2015) 054024, g‘i
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Diffractive charm production

TABLE I: Integrated cross sections for diffractive production of open charm and bottom mesons
in different measurement modes for ATLAS, LHCb and CMS experiments at /s = 14 TeV.

Integrated cross sections, [nb]

Acceptance Mode _diffractive
single-diffractive central-diffractive non-diffractive
EXP data
o —
ATLA;; ‘;’ ‘G< é'“ DO+ D0 3555.22 (IR: 25%) 177.35 (IR: 43%) -
pL > 3.5 Ge
LHCb, 28<GyV< 5 Doy D0 314428 (IR: 31%) 25267 (IR: 50%) 1488000 4 182000
pL < €
CMS!{"; f]A (B*+B-)/2 349.18 (IR: 24%) 14.24 (IR: 42%) 28100 + 2400 + 2000
pL > 5 Ge
2 14
LHC, i;(f\j 45 BB 86762 (IR:21%) 31.03 (IR:43%) 41400 + 1500 + 3100
pL < e
LHCb, 2 <y <4 DOpo 179.4 (IR: 28%)  7.67 (IR: 45%) 6230 + 120 + 230

3<pl <12 GeV

@ single-diffraction: WRR ~ 24 -31%

) . _PR+RP+RR _ _ 40 _ g0
@ cenfral-diffraction: sp e pprrr ~ 42 50%

single—diffractive o _ 30 central—diffractive _ o
non—diffractive "~ 2-3% non—diffractive "~ 0.03-0.07%
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Diffractive charm production

How to calculate diffractive USDFs?
@ 1) take: g(B, 1?). 9r(B, 14?) in the pomeron, reggeon known from

HERA
@ 2) calculate diffractive PDFs: g°(x, k?), g (x, k?)

@ 3) use KMR method: g°, P, aP — FP(x, k2, %)
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Diffractive charm production

Within the k;-factorization approach

d?k a?k
1t dXQ 2t

dOSD(G)(papb — pgcC XY) = fdx1 dxp dfy do(g"g" — )

X(F Oa, K 12 X6 1) - Fol, i 2), - (D

A’k Py
X

do*®®)(pp, — cEpy, XY) = f ix axp dt, do(g*g" — <)

X Fo(x1, Koo 1) - F5 (2 11 12 X0 1), (D
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where F4(x, k?, u?) are the *conventional’ USDFs in and
Fo(x. kP, 14>, xp, 1) are diffractive UGDFs.



Diffractive charm production
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Diffractive charm production

(s=13TeV

pomeron

pp -pccX
(single-diffractive)
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Diffractive charm production

Vs=13TeV pp—-pccX Vs =13 TeV

(single-diffractive)
reggeon

pp—opccX

(single-diffractive)

pomeron
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broad distributions
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Single diffractive production

@ Something concrete must be measured at the LHC to verify our
understanding of single diffractive production
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pp — ppr T

D1 y4
p(l, p(l,
P, IR P, IR
- - -7 (p3) - - -7 (p4)
1 1
- = -7 (ps) - = -7 (p3)
P, IR P, IR
Po Po
P2 P2

On theoretical side only continuum with absorption
(Durham and Krakéw)
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pp — ppr T

nucleon-nucleon interaction

b1
P, IR

- - (pa)
1

- - -7m"(ps)
P, IR

P2
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pp — ppr T

P (pa) /f’\ p(p1) P (pa) /;\ p(p1)
— 2
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pp — ppr T

P1 Y41
p(l pll
P, IR P, IR
-~\- 7" (p3) -~\- 7 (p4)
-7 (pa) - 7" (ps3)
P, IR P, IR
Do Db
D2 P2

nr FSI low-energy effects have to be included ﬁ
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pp — ppr T

P (pa) p(p1) P (Pa) p(p)

p pb)

Different C-parity of i
Quite sizeable contribution
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pp — ppr T

P (Pa) p(p) _p(pa) p(p)  _plpd) p(p1)

> — 7 (p4)

4

T (i) ¥ ™ (pu)h

7 ()

Different C-parity of i
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pp — ppr T

< 15 —————

= 1 pp — pPTCT ]
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Strong new absorption effects
Similar situation for CDF, ALICE. etc.
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pp — ppr T

< 500— T T T ] S 10 Ty
© [ pp - ppTT, $=200GeV | g pp — PPIUTE  S=1.96 TeVi
Q r nJ<i i <2 p >o01sGev] O  F ~ <13 Iyl <1p > 04 GeV]
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preliminary STAR data
Impossible to describe both STAR and CDF data at least with the
present ingredients.
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pp — ppr T

Suggestions for theoretical calculations:

@ Inclusion of continuum and resonances (f,(980), f(1270)),
fo( 1500)
in a consistent model seems necessary.
Tensor pomeron model of Nachtmann et al. is a candidate

o FSl effects
@ Include also photoproduction mechanism
Suggestions for experimental analyses:
@ Show how the My spectra change when gradually increasing
rapidity gaps to clarify exclusivity.
@ measure protons (ATLAS and CMS)

@ Do the experimental acceptance corrections require a 1heore’ricﬁ
model?
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pp — ppJ/y

A. Cisek, W. Schafer and A. Szczurek, JHEP 1504 (2015) 159. ﬁ
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pp — ppJ/y

t] ) tl )
e yav; yav;
p p : 2

Dot

approximation

The interference term vanishes for rapidity distributions in Born ﬁ
see W. Schafer and A. Szczurek, Phys. Rev. D76 (2007) 094014,
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pp — ppJ/y

Va 'od *
SmMT(W, Az =0, Q2 = O) = Wz—cv Ttdem 2 i ndk2l//\/(z, k2)
2
4t o 2(1=2) Jg

00 2
f O () (. ) Aol ) Wo(0, %) + A (2.2) W (K2, 2) ).
0

dependence on the meson wave function and UGDF
No wave functions in collinear calculations.
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pp — ppJ/y
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pp — ppJ/y

A Ao— A A A
Mh]1h22—>m]hZ2V V(S, S1, 8, 1'] , 1'2) = MYP _I_ MPY
* 4n:aem Ax Ao— Ay o
= (P}, Muler. e, (an. ﬁV)T MOTE R

W Ay A — Ay A
o BMulp2. )€ (G- Av) emMyIm;vmV (s1.1.€%5). @
f2

ils

28/104

2.1, Q)



pp — ppJ /W

Then, the amplitude of Eq. (4) for the emission of a photon of fransverse
polarization Ay, and transverse momentum q; = —p; can be written as:

P, Mulpr, Mye,(ar, Av)
(e5™)qy) 2 _ ioFo(Q2)

- X;/{H(Q]Q) 2m

=7 o (o7 - [q1,n])}xﬁ. Q)

ils

29/104

o



pp — ppJ/y
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pp — ppJ/y
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pp — ppJ/y
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pp — ppJ/y

t pom [/l tpom [/l
LN\ g Dit £\ f. 2 Dit
p D

Dot

Survival factor depends on the phase space point !
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pp — ppJ/y

with absorption
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similar for 1’
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pp — ppJ/y

with absorption
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pp — ppJ/y

do/dy (pp ~ p W p)/do/dy (pp — p /W p)
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Gauss WF much better than Coulomb WF
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pp — ppJ/y

There is some model dependent indication of nonlinear effects
Open problems:

The present experiments are not exclusive.

So far proton dissociation "extracted" in a model dependent way
assuming some functional form in py.

We have some knowledge about diffractive dissociation (HERA).

Compare to HERA there is also photon dissociation (never
discussed, probably biggen).

Interference effects due to the two diagrams were predicted. It
would be nice to see modulation in ¢, due to interference
effects between the two diagrams.

CMS+TOTEM and ATLAS+ALFA could measure purely exclusive
reaction and study dependences on many more variables.
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pp — I~

Two different approach are possible:

- collinear - factorization:

(M. tuszczak, A. Szczurek and Ch. Royon, JHEP 1502 (2015) 098,
arXiv:1409.1803)

- k; - factorization

(G. Gil da Silveira, L. Forthomme, K. Piotrzkowski, W. Schafer, A.
Szczurek, JHEP 1502 (2015) 159,

M. Luszczak, W. Schafer and A. Szczurek, work in progress)

In collinear - factorization approach one needs photons as parton in
proton:
- MRST

- NNPDF iﬁ
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MRST parton distributions

The factorization of the QED-induced collinear divergences leads to
QED-corrected evolution equations for the parton distributions of the

proton.

aqi(x, 1)

dlog u?

dlog u2

ay(x, u%)

dlog u?

)
318
x —_—
Q
<

<|& <& <|g <]

& Fle

SE
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pp — I~

Collinear photon distribution in nucleon

[r | [ T T T |
t ] F noinitial input at 2 GeV? ]
04 MRST04 QEDLO 2= 2 GeV? 1 04l 2=2 GeV? E
. 12 =10 GeV? ] K 12 =10 GeV? ]
& ] 5 P ]
= s 12 = 100 GeV? 3 = 0af 2 =100 GeV? 1
3 B 3 r B
= 12 = 1000 GeV* ] T f 12 = 1000 GeV* ]
g€ 42=10000GeV* ] £ ok H2=10000GeV’ ]
< 1 < r 1
=3 1 [ 1
x ] < o r ]
0.1 — 03— —
o | | I I I T T T
107 10 10° 107 107 1 10% 107 107 107
X X

initial input is crucial
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pp — I~

dgY¥nVn . 2 o
Dot mxﬂ/m(xlyﬂ ) %2¥in(e: 12) Moy w- P2
% = 1671—232)(1 Vi1, 1) xavel (2, 12) W
% = Jema Yo(X1, 12) Xoyin(x2. 14?) W
% = 16111—232)(] Yei(X1, Mz) X2Vei(X2, yz) W

The elastic photon fluxes are calculated using the Drees-Zeppenfeld
parametrization, where a simple parametrization of nucleon E

electromagnetic form factors was used



2

2 2 n_v
Qe q PLP,
TV*FA(Z,q)Z—mU—Z)( ) LB W, (M2, @

n Q% + z(M2 — m3) + 22m?, s

The hadronic tensor is expressed in terms of the electromagnetic
currents as:

W, (M5, @) = " (21)° 61 (px — pa — @) (P IXXXIJTIPY dbx )
X
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pp — I~

Wio(M2, &) = =5 (pa, @) Wi (M2, &) + &6l Wi(M2, &2). ®)

The virtual photoabsorption cross sections are defined as

. 4Ama, &
orlye) = 7 ("7(—7)2 WM, &)
4
aly'p) = Zj‘im el 2mWH (M2, @2) . )

It is customary to infroduce dimensionless structure function
Fi(xg. @2).i=T.,Las

41? Aem 1

ori(y'p) = 2 Fri(xg. ). (103

2m2
1+

In the literature one often finds structure funcfions ﬁ
F1(xgj. @%). Fa(xg;, &°). which are related to Fr; through
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CLAS data|
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pp — I~

ki-factorization, including photon transverse momenta
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pp — I~

ki-factorization, including photon transverse momenta
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Events / 1 GeV
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Events / 0.05 rad
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pp — WHW~

@ Inclusive cross section for W W~ production in proton-proton
scattering was measured by the ATLAS and CMS collaborations.

@ The cross section was calculated at NLO collinear approach
(some missing strength ?)

@ Many processes are not included in the so-called Standard Model
approach

@ Production of W W™ with no activity close to u"e™ or u~e™
vertices was measured by the CMS and recently by ATLAS.

@ It was argued that inclusive W W™ cross section could be
described via double-parton scattering mechanism and

competes with the H - W*tw~—, w*~w+
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pp — WTW-

@ The exclusive pp — ppWT W~ reaction is particularly interesting in the
context of yyWW coupling

@ The general diagram for the pp — ppW™ W™ reaction via
YerVor — WT W™ subprocess
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The three-boson WW'y and four-boson WWyy couplings, which
contribute to the yy — wtw- process in the leading order:

Lowy = —le(AW uWrY + W, W, uA” + WA uW™),
Lowwyy = —-(W,WHAA" - W A*WSAY),

where the asymmetric derivative has the form XuY = Xo*Y — Yo'X.
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@ The Born diagrams for the yy — W W™ subprocess

+ +
4 \3\)W 1 ZaVAV ‘e AVAVAVAVAV. IR 2V VAV

\\W+
N Ry
N
“1 Lz/ o §
yed™ LW Y AAAAAEAAAAAN Y AANNANG e
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pp — WHW~

The elementary tree-level cross section for the yy — WTW~
subprocess can be written in the compact form in terms of the
Mondels’rom variables

d6 _ 3a%B (] _ 25(28+3mj,) 282(8 + 3my,) )
dQ 25 3(m2, —H)(m3, —0)  3(m3, —1)2(m3, — 0)?

B=4/1- 4m2W /5 is the velocity of the W bosons in their

center-of-mass frame and the electromagnetic fine-structure constant

a = €% /(4m) ~ 1/137 for the on-shell photon
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pp — WHW~

Exclusive diffractive mechanism

The exclusive diffractive KMR mechanism of central production of
wtw- pairs in proton-proton collisions at the LHC (in which diagrams
with intermediate virtual Higgs boson as well as quark box diagrams are
included) was discussed in

@ P. Lebiedowicz, R. Pasechnik and A. Szczurek,
Phys. Rev. D81 (2012) 036003

and turned out to be negligibly small.
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Relevant leading-order matrix element, averaged over quark colors
and over initial spin polarizations, summed over final spin polarization
and cross section are well known.
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pp — WHW~

@ yy processes contribute also to inclusive cross section.
We consider in addition 3 new mechanisms
s X, G a e "
:p:<<7 P P,
1 LL y Y Y
LL Aow? O owt AVAVYA
ANw T Vavav' wo
Y Y Y
P P, NI )
1 X, { )(l
ine ine el P,
fv/p fv/p fv/u
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pp — WHW~

dgY¥nVn . 2 o
Dot mxﬂ/m(xlyﬂ ) %2¥in(e: 12) Moy w- P2
% = 1671—232)(1 Vi1, 1) xavel (2, 12) W
% = Jema Yo(X1, 12) Xoyin(x2. 14?) W
% = 16111—232)(] Yei(X1, Mz) X2Vei(X2, yz) W

The elastic photon fluxes are calculated using the Drees-Zeppenfeld
parametrization, where a simple parametrization of nucleon E

electromagnetic form factors was used
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do/dy (nb)

528 Tev

ok

do/dy (nb)

Fpp — W'W (MRST-QED)

528 Tev

oyl 1
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pp — WHW~

b~ W'W (reSolved photon) | Vs =8 TeV J b~ W'W (reSolved photon) | Vs = 8 TeV
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pp — WHW~
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pp — WHW~

contribution 1.96 TeV 7 TeV 8 TeV 14 TeV comment
CDF 12.1 pb
DO 13.8 pb
ATLAS 54.4 pb large extrapolation
CMS 41.1 pb large extrapolation
ag 9.86 27.24 33.04 7021 dominant (LO, NLO)
9g 5171072 1.48 197 5.87 subdominant (NLO)
YelVel 3071073 4411072 5.40 1072 1161077 new, anomalous yyWW
YelVin 1.08 1072 1.40107" 1.71107! 3.71107" new, anomalous yyWW
YinYel 1.081072 1.40107! 1.71107! 371107! new, anomalous yyWW
YinYin 3721072 | 446107 5.47107" 119 anomalous yyWW
Yelres — 9/a 1041077 2941072 383102 1.03 10~ new, quite sizeable
q/a - Yelres 104104 | 294107% | 383107 1031072 new. quife sizeable
Yinres — a/d new, quite sizeable
q/G — Yin.res new, quite sizeable
double scattering 1.210™ 0.26 0.36 128 not included in NLO studies
Pp 2.821072 9.88107" 127 3.35 new, relatively small
PP 2.821072 9.88 107" 127 3.35 new, relatively small
Rp 4511072 7.12107! 892107" 222 new, relatively small
PR 4511072 7.12107! 892107" 222 new, relatively small
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pp — ppHTH™

P (pa) Pp1) P (pa) p(p1) P (pa) p(p)

H(p) ¥ H(p,)4

P ) p(p2) () p(p2 P () p(p2]

Figure: Born diagrams for exclusive production of pairs of charged scalar
particles via photon-photon fusion.

P. Lebiedowicz and A. Szczurek, Phys. Rev. D91 (2015) 095008.
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@)t ————— o Pps o

do = ——IMpy, -
o 25 Mep—pori| (2m3)2E, (21°)2E, (2m°)2E; (213)2E,

X6" (Ea+ E» —P1 — P2 — P3 — Pa) . (12)

s=(Pa+pb)’. My =ps+ pa
h=q}. h=0d. q=pa—P1. R=pp—pP2. (13)
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pp — ppHTH™

Mfi’ﬂwﬁww— (h. 1) = Vf%it;—% (h)Dyun (1) V;,};fm o~ Duopio (12) foﬁ (1)

V:;EMH— = VRV
1
= e (% —ps+p3)" (a2 — 2p4)"
py —my
1
+ie? ——— (a1 — 2p4)" (1 — P4 + p3) " — 2i6’g"(¥5)
Py — my
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Mpp—)ppH‘*'H* = MBOm + Mabsorption a6

pp—pPPHT H~ oo—ppHtH-

absorption

ronmmai 5P Pat) = gian | ki Maa (s, —ki)

B ~ o~
M f%faﬂmzw—(s, Pt Pot) .
a7
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pp — ppHTH™

My (GeV) 150 300 500
e (o) | 0.1474(0.1132) | 0.0119 (0.0080) | 0.0014 (0.0008)
Orce (fo) | 1.0350 (0.9236) | 0.1470 (0.1258) | 0.0303 (0.0249)

Table: Cross sections in fb for the pp — ppH™ H™ reaction through

photon-photon exchanges without and with (results in the parentheses) the
absorption corrections for two center-of-mass energies \/5 = 14 TeV (LHC)

and +/s = 100 TeV (FCC) and various charged Higgs bosons mass values. The
calculations was performed for exact 2 — 4 kinematics and with the

amplitudes in the high-energy approximation.
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pp — ppHTH™

~ 0. 05— —~ 02
Qa r I 12 F k
E [ pp-ppHH 1 T F 1
T b os=14TeV 77\ i & T 1
SToo4 ' y 1 > 1
RS [ y ] B 015 B
[} [ ; 1 B F 1
© F g 1] © L 1
0.03- ] [ 1
[ ] 0.1 g
0.04 E — ]
r ] 0.09 \
0.01+ B
r ] 7 V]
L 1 I T E R B
4 2 0 2 4 4 2 0 2 4
Yo Yo

Figure: Rapidity distribution of charged (Higgs) bosons at /s = 14 TeV (left
panel) and 100 TeV (right panel). The short-dashed (online green) lines
represent results of EPA.
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pp — ppHTH™

31025‘ ——— T g />\1025‘ ——— T g
8 5 pp - ppHH ] 8 i pp - ppHH 4
B4 [ Vs=14 TeV 1 < [ Vs=100Tev
3 _ 3L -
g 10 E é 10 E E
; ] ;: [ ]
I 4 - I 41 _
s 0 ER I
E ] E E . ]
'8 10° E '8 10'5§ \\*;
10° Lo d 10°F E
A | E =
~d i 1

107 P I T ST S MY S M N1 N 107 P S T ST SN I NS M1
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Figure: DiHiggs boson invariant mass distributions at \/E = 14 TeV (left panel)
and 100 TeV (right panel). The short-dashed (online green) lines represent
results of EPA.
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Figure: The dependence of the gap survival factor due to pp interactions on

M+~ for exact 2 — 4 kinematics at /s = 14 TeV (left panel) and 100 TeV
(right panel). This is quantified by the ratio of full (including absorption) and ﬁ

Born differential cross sections (S2(My+ - )).
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pp — ppHTH™
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Figure: Distribution in momentum transfer(s) squared (t; or ) at \/5 = 14TeV
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pp — ppHTH™

E; OJ,‘ — T T T —] E; 0.6——— 77— —]
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! ey | 2o PP~ pb HH =
9%0.08 1 o™ 05 V$= 100 TeV 7
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Figure: Distribution in relafive azimuthal angle between outgoing protons at
\/5 = 14 TeV (left panel) and 100 TeV (right panel).
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pp — ppHTH™

do/dg,,  (fb)
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Figure: Distribution in relative azimuthal angle between outgoing charged
(Higgs) bosons at /s = 14 TeV (left panel) and 100 TeV (right panel).
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Figure: The diffractive mechanism of the exclusive charged Higgs bosons
production through the intermediate CP-even neutral recently discovered
Higgs boson. The absorption corrections due to pp interactions (indicated by

the blob) are relevant at high energies.
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pp ~ ppHH 7
Vs=100 TeV =

35 pp - pp HH ]
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Figure: DiHiggs boson invariant mass distributions at \/E = 14 TeV (left panel)

and 100 TeV (right panel). The upper lines represent the yy contribution. We

also show contribution of the diffractive mechanism (the shaded area) for ’rhﬁ
MSTWO08 NLO collinear gluon distribution and gny+4- = 100 (1000) GeV for th

lower (uppen) limit.
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yty—-2>v+y

A A

A possibility to study for a first time
Yy — vy reaction

with M. Klusek-Gawenda and P. Lebiedowicz (work in progress) ﬁ
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yty—-2>v+y

w W

Only Standard Model particles in the boxes

ils
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yty—-2>v+y

Usually neglected

’7/
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20090

2000
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yty—-2>v+y
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yty—-2>v+y
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yty—-2>v+y

10°

10°

do(PbPb - Pbew)/dyy (pb)

\S\=5.5TeV, b_>14 fm, WW>5.5 GeV, |r]y|<2.5 1

}

-2 -1 0 1
yY

Still not sufficient number of grid points
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yty—-2>v+y
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Semi-central collisions

IP/IR

IP/IR

A A A A

Figure: Schematic diagrams for the single vector meson production by
photoproduction (photon-Pomeron (left) or Pomeron-photon (right) fusion.

with M. Klusek-Gawenda (work in progress) ﬁ
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Semi-central collisions

Different mechanisms of J /1y production in AA collisions

UPC coherent incoherent
photoproduction | photoproduction
b > Ra+ Rg (a few studies) (few studies)
P+ - small small multiplicity
non-UPC coherent incoherent NN collisions
photoproduction | photoproduction | recomb. in QGP
b < Ra+ Rs (new) (very popular)
pt - small huge multiplicity

The incoherent UPC photoproduction has final state which is not fully

controlled

How to select the incoherent production ?
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Semi-central collisions

Equivalent photon approximation (EPA)

doa aomayv APy (b.y) n dPe, (b.y) a8
d2pdy ~ dy dy

aPy /2 (y! b) /dy = 2N (G)]/Z’ b) OyAy 1 — VA, (WYA2/1) ’ a9

Two contributions added incoherently.

ils
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Semi-central collisions

by

Figure: Impact parameter picture of the collision and the production of the
J/w meson for ultraperipheral (left panel) and for semi-central (right panel)
collisions. It is assumed here that the first nucleus is the emitter of the photon

which rescatters in the second nucleus being a rescattering medium. gﬁ



Semi-central collisions

A model for the cross section:

do (yp — J/wp;t=0)
dt

= byyXiry W ; (20)

do(J/wp—>J/wp;7‘:O) J/z// do (yp — J/yp; 7‘—0)

@n

dt  Andem dt
do(J/yp = J/yp;t =0
o2, (J/up) = 163/ ¥R = wpit =0) @2
Ta (1) :fp(\/rQ—l—zz)dz, 23)

do(yA > J/WAt =0)  aem0dy(J/9A)

. = . 24
2
dt 4fJ/w ﬁ

93/104




Semi-central collisions

Important ingredient:
Classical mechanics

ot (J/pA) = f r(1—exp (=0 (J/wp) Ta (1) . 25

Quantum mechanics (Glauber)

o (J/wA)—Qfer(l —exp(—%o,o, (J/yp) Ta (r))) , 6

ils
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Semi-central collisions

Flux modifications:

N (@,.b) = fN(ah,b])a(RA—R;bZ)
[

A

d’b; , @7

O(Ra —by) X 8(by — R
(R 02) X5t =) 5,
R,

NG@) (w1,b) = fN(ah,bﬂ

(28)
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Semi-central collisions
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Figure: Standard photon fluxes calculated for realistic (left panel) monopole
(middle panel) and point-like (right panel) form factor.
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Semi-central collisions
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Figure: Two-dimensional distributions of the photon flux in the impact
parameter b and in the energy of photon . Three figures are for three
different photon flux approximation.
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Semi-central collisions
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Figure: The ratfio of the differential photon fluxes in the impact parameter b
and energy of the photon w. The left panel shows the case with the redlistic
form factor. The middle figure relates to monopole form factor and the right
panel shows the ratio when the point-like form factor is faken into account.

98/104



Semi-central collisions
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Semi-central collisions
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Semi-central collisions
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Figure: Centrality of nuclear collisions as a function of the impact porcme’rer.ﬁ
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Semi-central collisions
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Semi-central collisions

Summary of total cross sections

@ redlistic form factors
@ \/syy=276TeV
@ full rapidity range

UPC 16.32 mb
non-UPC, N© | 10.08 mb
non-UPC, N() | 9.38 mb
non-UPC, N® | 548 mb

The same order of magnitude !!!
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Now time for hard work

See you in two years



