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Equivalent photon approximation

Equivalent photon approximation (EPA)

AN AA
AR A
(S A
\ '
The strong
- .
o M A electromagnetic field
b S e is used as a source
vy oy YV ‘A’ of photons to induce
-— electromagnetic reactions.
1 \
11y
1\
T2 L
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Equivalent photon approximation

Equivalent photon approximation (EPA)

AN AA
AR A
(S A
\ '
The strong
- .
< M A electromagnetic field
b S e is used as a source
vy oy YV ‘A’ of photons to induce
-— electromagnetic reactions.

Peripheral collisions:
b> R+ R =14 fm
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Equivalent photon approximation

The total cross section in EPA

o (PbPb — PbPbr; syn)

= /6( ) X1X2$NN) dl’lpy-Y (Xl, X2, b)
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Equivalent photon approximation

The total cross section in EPA

o (PbPb — PbPbr; syn)

= /6( ) X1X2$NN) dl’lpy-Y (Xl, X2, b)

w1,2

"] X1,2 =
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Equivalent photon approximation

Photons flux

1 1
dnyy (Xl,Xzab):/Wd2b1| (X17b1)|2;d2b2| (32, b2) 2

X S2_(b)0@(b — by 4 bp) T2

g X1 X2

o E(x,b) = ZVAraem [ (gfrg) e~ iba q2+:‘2M3\ Fem (9% + x2M3)
e 52, _(b) =0 (b—2Ry,)

abs

o L [d%b|E (x,b) > = [ d?bN (w,b)
] dwldwg — dWW,YdY
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Equivalent photon approximation

The cross section in EPA

Nuclear cross section — EPA

o (PbPb — mrPbPb; syn) =
:/a( Wyy) 0(Jby — bo| — 2Ry)

X (wl,bl)N(WQ,b1)27Tb db db db 77dW,WdY

The details of derivation:

Antoni Szczurek, M.K-G; Phys. Rev. C82 (2010) 014904,
"Exclusive muon-pair productions in ultrarelativistic heavy-ion
collisions: Realistic nucleus charge form factor and differential

distributions”
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Equivalent photon approximation

Form factor

MONOPOLE Fep,

A2
F(qz) = Tiq?
_ 6
A= <r2>
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Equivalent photon approximation

Form factor

MONOPOLE Fep,

A2
F(qz) = Tiq?
_ 6
A= <r2>

o WAu=V<r2>=
5.3fm, A = 0.091 GeV,

° =V<r2> =
5.5 fm,
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Equivalent photon approximation

Form factor

MONOPOLE Fep,

A2
F(qz) = Tiq?
_ 6
A= <r2>

o WAu=V<r2>=
5.3fm, A = 0.091 GeV,

° =V<r2> =
5.5 fm,

In the literature:
A =(0.08—0.09) GeV
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Equivalent photon approximation

Form factor

MONOPOLE Fep,

F(q?) = AzAifqz f 47 o (r) sin (qr) rdr
— 6
A= <r?>

o WAu=V<r2>=
5.3fm, A = 0.091 GeV,

° =V<r2> =
5.5 fm,

In the literature:
A =(0.08—0.09) GeV
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Equivalent photon approximation

Form factor

MONOPOLE Fep,

F(q?) = AzAifqz f 47 o (r) sin (qr) rdr
— 6
A= <r?>

o WAu= v<r2>= w, 7
5.3fm, A =0.091 GeV, A monopole

° =V<r2>=
5.5 fm,

In the literature:
A =(0.08—0.09) GeV
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Equivalent photon approximation

Realistic vs monopole form factor

10° = T T — —r— T ]
3 L s ]
Q 10t AuAu - AuAup [ o 09 E
€ F _ S of E
= 10fF \/Syy = 200 GeV £ V8 E|
= E i £ |
0.7 =
£ 10 R ]
B g 0.6; 3
© 20 s E
04f 3
o E 3
I = o3f - E
Qonopole < . realistic F_, E|
24 = ratio = ————="— E
1 0.2F monopole F E
realistic Fy, E em |
10 0.1 E
£ P I R BRI B, ) S T I B B E
0 2 4 6 8 10 0 2 4 6 8

W, (GeV) W, (GeV)
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YY — 7w

Elementary cross section for vy — 7w

The vy — (¢g)(gg) — mm amplitude in the LO pQCD

M\, N2) = /1d /1d T 2
1, 2) - 0 X 0 y(bﬂ(xa ) H (X7Yaﬂ)¢w(y7 )

X

TR T T s el

o /. =min(x,1—x)/s(1 - z2),

@ z =cosf, A. Szczurek, J. Speth, Nucl.Phys.A728(2003)182

T e | ()
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¥y — T

Elementary cross section for vy — 7w

The vy — (9§)(qq) — 7m amplitude in the LO pQCD

MM, N2) = /ld /1d T ?
1, 2) — 0 X 0 y¢7T(X7 ) H (X,Yaﬂ)¢7r(y7 )

X

Total cross section

27 p

o (yy — m) :/4-647r2W2q Z M (A1, A2)|? dz
A1,A2
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The quark distribution amplitude of the pion

f} (1-x) nz%c” (2x — 1) ap (1%)

2 (12 — 2 2n+3 as(u2)
() = 30 )(n+2)< (u%))

/ dXC3/2 — 1) [z (Xa /1'8)

Or (x,1%) =

n+1
3+(n+1 )(n+2) —4 E

47r
Boln

QCD

11 2
® fo=%5Ca—5NF
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The quark distribution amplitude of the pion

PHYSICAL REVIEW D 82,034024 (2010)
Implication on the pion distribution amplitude from the pion-photon transition form factor with F Q2 i F ( V) QZ F (N V Q2
™y - 7wy

the new BABAR data Ty

Gang Wu*
Department of Physics, Chongging University, Chongging 400044, People’s Republic of China

Tao Huang
Institute of High Energy Physics and Theoretical Physics Cente for Science Faciliies
Chiese Acaemy of Scenes Beijing 10045, Pople's Rpubic of China
cceivd 19 May 2010; published 19 August 2010)

The new BABAR data on the pion-photon traniton form factor arouses people's inierest for the
determination of the pion distribution amplitude. To explain the data, we take boih the leading valence
quark sate’s and the nomvalence quark sates contributions into consideration, where the valence quark
part up 1o next-to-lading order is presented and the nomalence quark part is estimated by  phenome-
elgicalmde s ons iiing bt both 0~ 0 0%~ . ut s sho i b be
consistent with the new BABAR data at the large O° region, a broader amplitude other than the
evemtoiclik sion dsrbuion ampitude shnls ¢ adomad The wolncsof e o diseton
amplitude s controlled by a parameter B. It has been found that the new AABAR data at low and high
energy regions can be explained simultancously by setting B (o be around 060, in which the pion
distribution amplitude is closed to the Chemyak-Zhititsky form.

Do 1t
05

* BaBardata

4 CLEO data

o4 = CELLO data

Q?F_(Q?) (GeV)

Q@ (GeV?)

FIG. 5 (color online). Q*F,.,(Q?) with the model wave func-
tion (3) by taking m, = 0.30 GeV and B = 0.60. The solid. the
dotted, and the dashed lines are for the total contribution, the
leading valence quark contribution, and the nonvalence quark
contribution to the form factor, respectively.
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The quark distribution amplitude of the pion
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the new BABAR data
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The new BABAR data on the pion-photon transition form factor arouses people’s interest for the
determination of the pion distribution amplitude. To explain the data, we take both the leading valence
quark state’s and the nonvalence quark state’s contributions into consideration, where the valence quark
g onder i prescated and the nomvalence quark pat is estnated by a phenome-
0and @ — o0, Our results show that 10 be

ion, a broader amplitude other than the

part up to nextto-lead
nological model based on its limiting behavior at both 0*
consistent with the new BABAR daa at the luge OF
asymplotilike pion distribution amplitude should be adopted. The broadness of the pion distribution
amplitude is controlled by a parameter B. It has been found that the new BABAR data at low and high
energy regions can be explained simultancously by setting B (o be around 060, in which the pion
distribution amplitude i closed to the Chermyak-Zhitnitsky form.
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tion (3) by taking m, = 0.30 GeV and B = 0.60. The solid. the
dotted, and the dashed lines are for the total contribution, the
leading valence quark contribution, and the nonvalence quark
contribution to the form factor, respectively.
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distribution amplitude i closed to the Chermyak-Zhitnitsky form.

Do 1t
05

* BaBardata

4 CLEO data

o4 = CELLO data

Q@ (GeV?)

FIG. 5 (color online). ~ QF . (0?) with the model wave func-
tion (3) by taking m, = 0.30 GeV and B = 0.60. The solid. the
dotted, and the dashed lines are for the total contribution, the
leading valence quark contribution, and the nonvalence quark
contribution to the form factor, respectively.

e 7, 2011

O (X7 Ng) =

V3Am,3
2/273/2f,

14+ Bx C/?(2x—1)

X

X
[¢)
=
—+

@ B=106

@ my = 0.3 GeV

@ A =16.62 Gev !
@ [ =0.745 GeV
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The quark distribution amplitude of the pion

ér(x)cz = 30x(1—x)(2x—1)? Or (x, 13) =

Or(x)as = 6x(1 — x) V3Am,S =

2/273/2f,

25— X <1+B><C23/2(2x—1))
L Wu-Huang (B=0.6)
S Chernyak-Zhitnitsky _ mg + ,LL%
E asymptotic ] X erf SﬂzX (1 . X)
1A5; 1
L 2
=a mq )
erf
1 . 86%x (1 — x)
L 1@ B=106
0.5
1 @ mg = 0.3 GeV
ol ‘0\2‘ ‘ ‘0\4‘ ‘ ‘0\6‘ ‘ ‘0\8‘ L \1 @ A=16.62 GevV!
' Cox ' ® (3 =0.745 GeV
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Hand-bag model

M. Diehl, P. Kroll and C. Vogt,
Phys. Lett. B532 (2002) 99;

M. Diehl and P. Kroll,
Phys. Lett. B683 (2010) 165.
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Hand-bag model

M. Diehl, P. Kroll and C. Vogt,
Phys. Lett. B532 (2002) 99;

M. Diehl and P. Kroll,
Phys. Lett. B683 (2010) 165.

Ape = Ay = —bTemS Rer () o =

sin20
5 S0\ Mu 1 S0\ Ns
Ror () = 52 (3) 452 (5)
@ sp = 9 GeV? e a, = 1.375 GeV? @ a; = 0.5025 GeV?
e n, = 0.4175 e ns =1.195

4o’ costh 1, 1+ cosbh
TrT) = —em —In—1|R 2
oy =t s (sin200 2 nl—c0500 [ R (5)]

Low x — June 7, 2011 SANTIAGO DE COMPOSTELA, Spain



¥y — T

A —7070)

———— = pQCD vs hand-bag vs w exchange

10° T T T 1
@ @ T T T
* F
1 1
> >
k= =
g g
gm E i ZwFE E
T
g HAND-BAG g
2107 4 2107 el
T  exchange T
I paco 5
10° E 10° E
+Belle
10% L Il L 10% L Il L
02 04 06 08 02 04 06 08
|cos 6] |cos 6]
g U T T T @ B T T T
%= W = 3.05 GeV %= W =3.95 GeV/
1 10E E! 1 10E E!
> >
= =
Pt t1E 3
g g
gw’ =107
T
8 o0 8
L 4 2
510 S0
8 3
10° E 10°
10% Il L L 104
02 04 06 08 08
|cos 6] |cos 6]
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o(yy — 1) & o(yy — m7°) = pQCD vs hand-bag

510 T T T T T 3
< VY T T (cosbi<0.6) Yy ~ 107 (cos0l<0.8).
= « Aleph « Belle
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1
> 10 -
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o
s J
107 107 E
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107 107 E
——vih evolution
---=----without evolution
3 3 L L L
10 10 T 2 3 1
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=10 =10 T T T
2 2 Y T eosbos)
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110 1 10F | il
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5 1 e L
10 107
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. I L I I
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PbPb — PbPbrr

Nuclear cross section

9101”“””“”“”‘ ST T
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> >
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8 10 81
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= Mpr (GeV) W,y = My (GeV)

Low x SANTIAGO DE COMPOSTELA, Spain




PbPb — PbPbrr

Nuclear cross section
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PbPb — PbPbrr

Nuclear cross section

10T ~ 10T "7
S 10 : : R ‘ ;
% 0L PbPb - PbX Pb 4 3 L ]
s f \[Syy = 3.5 TeV i < F E
;; 10h |cos6]<0.8 ] 8 ]
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~ 103; . E 3
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PbPb — PbPbrr

Conclusions

o(yy—n°n°)

o(yy—mtn—)

pQCD vs hand-bag mechanism

= I — T
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PbPb — PbPbrr

Other mechanisms

@ Pion exchange

+

™ ™ ™
A AVAV,VAVAVNY - -
1 [N 7 4
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| 1, ‘\ i\
VA R VAVAVAV,Y 2 N ~
s s s
@ Resonances @ High-energy 7m rescattering
+ +
at.- ->T s ->T -
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s s
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PbPb — PbPbrr

Some other related works

@ A new pQCD mechanism: @ But here
L. A. Harland-Lang, non-perturbative mechanism:
V. A. Khoze, P. Lebiedowicz,
M. G. Ryskin and R. Pasechnik and
W. J. Stirling, A. Szczurek,
arXiv: 1105.1626 [hep-ph] arXiv: 1103.5642 [hep-ph]
P
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PbPb — PbPbrr

Thank You For Attention
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