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Introduction

@ Exclusive production of /¥ meson inphoton-protorcollisions
has been studied in the energy range- 20 — 300 GeV
(recently at HERA, LHCDb)

@ Thisenergy range is relevafar the exclusive photoproduction
in proton-antiproton collisions at Tevatron energiesrfot too
large rapiditiesof the meson

© For Tevatronwe have onlyone experimental poirfor J/¥ and
¥’ mesons ay = 0

@ Newexperimental datan proton-proton collisions fod/¥ and
U’ mesons in the rapidity range~ 2.0 — 4.5 (LHCb)
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The possible mechanism to production of vector meson

in hadronic collisions

Photoproduction

Khoze-Martin-Ryskin 2002
Klein-Nystrand 2004
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The possible mechanism to production of vector meson

in hadronic collisions

Photoproduction Oderon-Pomeron fusion

Khoze-Martin-Ryskin 2002 Schaéfer, Mankiewicz, Nachtmann 1991
Klein-Nystrand 2004 Bzdak, Motyka, Szymanowski, Cudell 2007
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The possible mechanism to production of vector meson

in hadronic collisions

Photoproduction Oderon-Pomeron fusion  Radiative Decay 0fc

Khoze-Martin-Ryskin 2002 Schéfer, Mankiewicz, Nachtmann 1991  Pasechnik, Szczurek, Teryaev 2008
Klein-Nystrand 2004 Bzdak, Motyka, Szymanowski, Cudell 2007

@ In our analysis we restrict only to photon-Pomeron fusiomchagism
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Diagram for exclusive photoproductionyp — J/¥p

Fl(z, k) = 0G(z, k) /0 log k2

@ 1(z k%) — wave function of the vector meson
@ F(x,x%) — unintegrated gluon distribution function
o X~ (Q+ M3, /W2
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The production amplitude for yp — J/¥p

The full amplitude:

B(W)A?
— )

M1(W, A?) = (i + p7) SMMT(W, A% = 0, Q* = 0) exp(—
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The production amplitude for yp — J/¥p

The full amplitude:

B(W)A?
— )

M1(W, A?) = (i + p7) SMMT(W, A% = 0, Q* = 0) exp(—

The imaginary part of the amplitude can be written as:

& 2 a2 g2oVATaen [f dz e
SMM(W,A*=0,Q°=0) = W /0 z(l—z)/o mdkiehy (z, K)

4r2

* rdr? 5 2 2 2
/0 as(QD)F (X , & )(Ao(z, K2) Wo (K, K2) -+ Ad(z, K2) Wi (K, K ))

K4
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The production amplitude for yp — J/¥p

The full amplitude:
. B(W 2
Mt (W, A?) = (i + pr) SMM7 (W, A% = 0,Q° = 0) exp(—(iz)A)

The imaginary part of the amplitude can be written as:

& 2 a2 g2oVATaen [f dz e
SMM(W,A*=0,Q°=0) = W /0 z(l—z)/o mdkiehy (z, K)

4r2

* rdr? 5 2 2 2
/0 as(QD)F (X , & )(Ao(z, K2) Wo (K, K2) -+ Ad(z, K2) Wi (K, K ))
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The production amplitude for yp — J/¥p

The full amplitude:
. B(W 2
Mt (W, A?) = (i + pr) SMM7 (W, A% = 0,Q° = 0) exp(—(iz)A)

The imaginary part of the amplitude can be written as:

& 2 a2 g2oVATaen [f dz e
SMM(W,A*=0,Q°=0) = W /0 z(l—z)/o mdkiehy (z, K)

4r2

* rdr? 5 2 2 2
/0 as(QD)F (X , & )(Ao(z, K2) Wo (K, K2) -+ Ad(z, K2) Wi (K, K ))

Slope parameter

2

B(W) = Bo + 20/ log (%)
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Total cross section foryp — J/ U (V) p

Total cross section can be written as:

1+ pr2 | SMMT(W,A? =0,Q* = 0)
or(yP = I/¥P) = 1o By ‘ W2 ’
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Total cross section foryp — J/ U (V) p

Total cross section can be written as:

1+,)T SIMM+(W, A% = 0,Q° = 0)
or(7p = 3/¥P) = ey 7 i

r T
- H1 2006
Ivanov-Nikolaev

f ------ KS nonlinear Ve
[ ——— KSlinear

Ot (Y P — J/¥ p) [nb]
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Total cross section foryp — J/ U (V) p

Total cross section can be written as:

1+/)T SIMM+(W, A% = 0,Q° = 0)
—J/¥ ’
or(yp = J/¥p) = 7¢ BW T
T
10 Ivanov—leo\aev 4 e Ivanov-Nikolaev
Eoomemee KS nonlinear g 10°

E E oo KS nonlinear
[ ——— KSlinear F

G (VP — IV P) [nb]
Gt (VP — W'P) [nb]

10° 10° 10° 10° 10° 10°

W [GeV] W [GeV]

HERA data ancxtracted LHCb data
@ H1 Collaboration, Phys. Lett. B541 (2002) 251
@ H1 Collaboration, Eur. Phys. J. C46 (2006) 585
@ H1 Collaboration, Eur. Phys. J. C73 (2013) 2466
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Parameters of the vector meson wave functions

Decay electronic width gv -leptonic decay constant
_ A’ Cs 8N dsﬁ
ar _ em . 2 . _ c
r(V—ee)= v Ko o =3 / (27r)3(M + M) Pu(z k)

How to choose parameters of the wave function

@ T(V—ete)=gy
@ v(z,k) = gv
@ normalization
@ orthogonality

I.P.lvanov, N.N.Nikolaev, A.A.Savin: Phys.Part.Nucl.@006)
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Radial excitations

Gauss wave function

2.2
Yis(l€) = Crexp(—<22)
2.7
Yas(I) = Caléo — p°e) exp(—22)

Coulomb wave function

Cy 1
Pas(K) = N ACET-TaE
¢2s(k2) = & So— a%kz

UM (11 a2ke)?

MESON 2014 Exclusive photoproduction af/ ¥ and ¥ in proton-proton collisions




Photoproduction in photon-proton collisions ANNA CISEK

Radial excitations

Gauss wave function 0.7 . .
%)
k*af 06
wls(kz) =C exp(—Tl) > Coulomb
- K2a2 > 05 F E
as(K’) = Co(& — p’al) exp(——2) N ]
2 h 04 | 1
N ]
. S 03 F ]
Coulomb wave function g . . ]
- g augsian ]
- 1 > iJ’[’L,_
Vi) = T @ ey 0.1 F :
C fo = a§k2 ) )
— =2 SO R 0 b
vas(K€) VM (1+ a2k?)3 50 100 150 200

W (GeV)
@ strong dependence on the wave function
@ H1 Collaboration, Phys. Lett. B541 (2002) 251
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Diagram for exclusive production of J/W¥(¥’) meson in

proton-proton collisions

t t
e ! Pt ! D1t
D ; z

P

photon-Pomeron Pomeron-photon
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Diagram for pp — p J/¥ (V') p with absorptive

corrections

t pom 7 t pom 7
- N\ - N\ ( 2 Pt

photon-Pomeron Pomeron-photon
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Amplitude for processpp — pJ/¥ (V') p

Full apmlitude forpp — pVp

M(p,p) = / (gﬁl;zsd(k)m(m(pl—k,pﬁk)

=M (py, p,) — M (py, py)
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Amplitude for processpp — pJ/¥ (V') p

Full apmlitude forpp — pVp

o’k ©)
MEup) = [ G SOMO e —kp, k)
=M@ (py, p,) — M (py, p2) )
Amplitude without absorption
© _ o 2P 2
M*™ (py, p,) —elz_lﬂf/\pl(plvtl)Mvhzﬂth(SQvIZvQl)
+e2Pr o M (51,11, Q2)
%t A5z Py, 2 ~vh1—Vhy (31, U, 2
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Amplitude for processpp — pJ/¥ (V') p

Full apmlitude forpp — pVp
M ik KyM®© k k
(p17 p2) - (271')2 S‘j( ) (pl — K P + )
=M (p;, p,) — SM(py, p,)

Amplitude without absorption

A\

2
M & <p17 p2) = elZ_]_ %f/\ikl (p17 tl)M”r'hz*’th (827 t27 Qi)
2
+e2£ ‘:_22-7_—/\é/\2(p27 tZ)M",”hJ_HVhl (517 tla Qg)
Absorptive corrections for the amplitude
LLIPVRIVID k K
M(py, p,) = WT( )M (py — k, p, + k)
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Old results for Tevatron

8 T

W = 1960 GeV

=
S pp = p/Vp 1
>
S e ] @ old results
° 4 4 ] @ CDF Collaboration, T.Aaltonen et al.
i i Phys. Rev. Lett. 102 (2009)
4 ] @ A.Cisek PhD thesis (2012)
At ] @ different UGDFs
£ ) @ Gauss wave function
0
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Helicity conserving and helicity flip amplitudes

The full amplitude for thgop — pVp process can be written as

A A2 — A1 A% Ay
Mhlhzﬁhlhzv (S’ S1, &2, b, tz) = M“/P + MP“/

Y o Vara A% Az—r AvA
= <p17)‘1|‘]u|p17)‘1>6,u(q17AV) t emM",r’*"hzjjhzv Z(SZ:tZ:Qi)

VAT OEem |, A« A1 AvAs

2
t M’Y* hy —Vhy (Sla t1, QZ)

(P2, A2[du P2, A2) €, (T2, Av)

Simple structure:
(eMqy) 2
VvV 1-zn 2

(o1 [a )

(P1, ALl lpr, Ares (a, Av) =

_ irpF2(QF)

X;/{Fl(Qi) zrnp

@ The coupling withF; - proton helicity conservings - proton helicity flip
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Dirac vs Pauli form factors (Born)

BT T T T T —_ T T T T 2T T T T
T Ivanov-Nikolaev E| T Kutak-Stasto linear E T Kutak-Stasto nonlinear
= born amplitude = born amplitude = born amplitude
aF a ot
Eyra E > uf 3 uf F1 E
S E = 1 S b F1+F2 E
an an QJO
1 i 1
o o E o o E o
& 6F | & 6F | \% of
> i m“\.,f > m“\.,f >
g F1 g F1 5
S o . E S o . E S 4
8 F—F1+F2  w=7Tev 8 F—Fi+r2 w=7Tev 8

A R A

y y
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Dirac vs Pauli form factors (Born)

—_ T T —_ — T
Cpea Ivanov-Nikolaev E| o T Kutak-Stasto nonlinear
= born amplitude = = born amplitude
o o a
> uf E > 1 > uf F1 E
S E = 1 S b F1+F2 E
bt gt 2
ToE il 1
a a % E| a 9
2 9 o ¢ E 2 9
> > m“\., E >
g g F1 5
S F S F—Fi+r2 w=7Tev 3 1
. L | I .
A R R
v

10" T e 10T B e e A
s Ivanov-Nikolae s = Kutak-Stasto nonlinear
T E T 3 1 E
% F1 % g F1
£ b F1+F2 £ S ol F1+F2
a a 2
Q1S E4 2
a a a
Tk 710 T 0k
a a a
sl 2107 sl
g, g, g
Swl Swl Swl
8 W=7TeV . ] W=17TeV . 8 W=7TeV \

10 g ] B S N N 10

p,[GeV] p,[GeV] P, [GeV]

@ R. Aaijj et al. (LHCb collaboration), J. Phy&40 (2013) 045001

@ R. Aaijj et al. (LHCb collaboration), arXiv:1401.3288 [heg}

@ Atlargep: we get an enhancement factor of the cross section of orde¥ of 1
@ Absorption must be included
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Absorption effect

—_ T —_ —_ T T
T Ivanov-Nikolaev E T ear E T K sto nonlinear
=1 bon g = W=7Tev
= absorption i ’ = borm
> uf 3 3 b . El > f o 3
Ed Z Z absorption
™ 12p E| ™ 12 .. | M |
= = 1of > 10f
il il 1
a o a
e e % 3 e
3 3 b ] 2
S S o absorption E 5]
© L L L L L © L L L L L ©

R A A

y y y
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Absorption effect

—_ T T —_ — T
T Ivanov-Nikolaev E T <utak-Stasto s KutakStasto nonlinear
= born E = b =& W=7Tev
= absorption S = borm
3 b 3 3 b > f 0! 3
Ed Z Ed absorption
™ 12p E| ™ 12p — M E|
Q . Q (=X
T e T 3 g 3 E
o °F E| o a 9
£ 9 =3 E £ 9
3¢ m“’mf 3z born m“""c’ 3
S o W=7Tev E S of absorption E S 4
© L L L L L © L L L L L © L L L L L
A B L R |
y y y
10" e 10" e 10 g
s Ivanov-Nikolaev s Kutak-Stasto linear s Kutak-Stasto nonlinear
2 ] 2 ] 3 10 3
10 10 10
Q born 9 born Q born
5 5 5
E 4 absorption Z 4 absorption E 4 absorption
= = B
Ea Ea 2
5 5 5
o o 2
Ttk Ttk Tk
a a a
Stk Stk ok
g g g
< 107 < 107 S wE
3 w 3 w ] W=7Tev
e e . RN
0 05 1 15 2 25 3 35 4 10 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4
p, [GeV] p, [GeV] p, [GeV]

@ R. Aaijj etal. (LHCb collaboration), arXiv:1401.3288 [hep}
@ Absorption may be bigger
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Excited statey’

T T
Stasto nonlinear 3

Susf e 3 SQusf u 3 Dusf

= = =

= born E = born E = born E

2 bsorpti 2o bsorpt 2 bsorpti

Zask absorption E Zask absorption E Zasf absorption E

> > >

a 3 a 3 a ¥ 3
Dok E 3 E
a E £ E

[(
do/dy (_p p
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Excited statey’

T T T T
Kutak-Stasto nonlinear

=g - E =g E =g
= = =
—~ 4 born | —_ born E| — born E|
2o bsorpt 2o bsorpt 24 bsorpti
S absorption E S absorption E S absorption E
> > >
a ¥ 3 a ¥ 3 o F 3
ok 4 3 E 3
o E a E o F E
2.4 /\_/\ 2.4 2.4 E
) ) 3
S o thy S o 'ty B
K] W=7Tev 8 W=7Tev E]
10° T T T T T T T 10° T T 10° T T T T T
Ivanov-Nikolaev Ku asto nonlinear
0k 4 0k 4 1wk 4
born born

absorption

absorption

. p W p) [Nb/GeV]

doidp (pp — p W' p) [Nb/GeV]

doidp (pp — p W' p) [Nb/GeV]

dofdp, (p p

| L h s
B S T S ]

@ R. Aaijj et al. (LHCb collaboration), arXiv:1401.3288 [hep}
@ Absorption may be bigger
@ The same shape fdr’ andJ/«
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do/dy (pp — p /¥ p) [nb]
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Absorption effect for J/¥ and ¥’ at the Tevatron

T
Ivanov-Nikolaev

born

absorption

W = 1960 GeV
TR

do/dy (pp - p /¥ p) [nb]

born

absorption

T
Kutak-Stasto linear

W = 1960 GeV
TR

do/dy (p p

T
Kutak-Stasto nonlinear

E g
E =& born
~
3 e absorption
E 5o
a

W = 1960 GeV
TR

T

Exclusive photoproduction af/ ¥ and

T

y

3

T

y

2

proton-proton collisions

n
Eprt Y

y

T
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Absorption effect for J/¥ and ¥’ at the Tevatron

—_ LAas ot iesn et anansancas _ T T — e T
T Ivanov-Nikolaev E| 5 Ku E| T4& « E|
=& born E| = born E| = & born E
a a (=X
3 £ absorption E| 3 absorption E| > £ absorption E|
5o E| 5 5o E|
a a a
o E| £ E|
i i 1
a 4 (=3 a 4
£ 9 & £ 9
> 4 > >
3 3 s
5] 5] 5]
3 3 S
g T T T T T T T 1 g T T T T T T T 1 25 T T T T T T
o Ivanov-Nikolaev o Kutak-Stasto linear o Kutak-Stasto nonlinear
c c c
= born E = born E = r bom E
o absorption o absorption = absorption
> > >
pgt s B pgts B o B
i i T
o 1 o 1 a 1
a fo J— 2 2
Bosf 1 NG Bosf Fo
5] 5] 3]
© e Mo L0GeY © e Mo L0GeY R L
EE N S R S T R R R R R U R R F R R S U R
y y y
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Dirac and Pauli form factor (Born) for

Tevatron

doldp, (p B - p J1¥ ) [nb/GeV]

ANNA CISEK

J/¥ and ¥’ at the

i

L

ok

dofdp, (p B — p IV P) [nb/GeV]

doldp, (P~ p IV P) [nbiGeV]
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E W =1960 GeV 10°F W = 1960 GeV o
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Dirac and Pauli form factor (Born) for J/¥ and ¥’ at the

Tevatron

10°) 10°) T T T T T T 10’
Kutak-Stasto linea
3 10 3 1 3 10
Q Q Q
5 1 5 5 1
= = £
= = e
2 1] 2 1] 20
s 5 5
% 407] % 107) 2107
1 1 1
1210 1210 2 10°
e e =
o0°E 3 o-10° pety
< kS : s,
8 19°F w = 1960 GeV 3 8 19°F w = 1960 GeV 3 SwF
Bt N TN TP TNTN N T TTRTTTI
10 05 1 15 2 25 3 35 4 10 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4
p, [GeV] p, [GeV] p, [GeV]
10°) T T T
s B S of onlinear
8 8 8 F1+F2
2 2 2 F
S S B
> ES >0
o o a
1 t 1107
[ i L
s s e
[-% 0]
k) . k<) k)
S 100 - S 107 S 1o
S 1F W = 1960 GeV -3 S F W = 1960 GeV -3 S0E W = 1960 GeV
o T TN o T TTTTNT B I TTTTTTNI
10 05 1 15 2 25 3 35 4 10 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4
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Conclusions

© We have compared our results with receiiiRA
(vyp — J/ Y (V') p) andLHCb (pp — p J/¥ (V') p) data.

Q@ do/dy = do"F /dy + doP7 /dy only in theBorn approximation
© Sensitivity to thegquarkonium wave functioandtesting UGDFE

© do/dp is interesting €pin flip, Pomeron-Odderofusion) but
difficult to measure.

© Absorptive correctionbave been included. Theiffect depends
on p; andy.
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