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Introduction
°

Motivation

@ colorless gluonic exchange
e C =+1: Pomeron, in pQCD described by BFKL equation
e C=—1: Odderon, in pQCD described by BJKP equation
@ best but still weak evidence for Q: pp and pp data at ISR

@ no evidence for perturbative O
@ O exchange much weaker than P = two strategies in QCD

e consider processes, where P vanishes due to C-parity
conservation:
exclusive 1, 7¢, o, a2, ... in €p; ¥y — Nene ~ |Mol?
exclusive J/W, T in pp (PO fusion, not PP))

e consider observables sensitive to the interference between P
and O [first proposed by Brodsky, Rathsman, Merino 1999]
~ Re MpM§ = observable linear in Mg

@ P/O coupling to proton not perturbatively calculable =
7)) collisions: hard process
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Introduction
000

The Process

mtm” —pair

@ exclusive production of
two w7~ pairs —
colorless exchange
between them

i

e C-parity of 77~ pair not
fixed

T —pair
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Introduction
ooe

The Process

@ exclusive production of
two w7~ pairs —
Odderon colorless exchange
between them
e C-parity of 77~ pair not
fixed
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Calculation

Kinematics, Framework

@ Bremsstrahlung: photon virtuality
~ 0, flux by
Weizsacker-Williams
@ perturbative Regge limit:
5, > |t > Nyep
@ photon Impact Factor known (in
contrast to hadron IF)

e model P (O) by 2 (3) gluons

e collinear approximation: —t > m3_
— 21 GDA ®: variables
e quark momentum fraction z
e polar angle 6 in rest frame of 27
e invariant mass mo,
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Calculation
€000

Matrix Element

P exchange in vy — (777 )(nt77):

d?k; d?ky 6@ (ky + ky — Box
M[EDNS/ 1 2 (_'1‘1‘2 P2r)
(2m)2 ki k3
1
x {/ dz(z — 2) & Qp(ky, ko) ®'=(z,6, mgw)]

|:/ dz' (/' — (k17k2) =20 m27r)]
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Calculation
0000

Hard Matrix Element

for Odderon: 2 — 2 with four loops

in the high energy limit (s,, > [t]) ...

8/26



Calculation
0000

Hard Matrix Element

. most complicated diagram corresponds to

where all legs have different off-shellness + two parameter
integrations: unknown analytically

(conformal tricks [Broadhurst 93', Pire, Szymanowski, S.W. 05', Pire,
Segond, Szymanowski, S.W. 07'] usefull for P but not applicable for O
= use MC integration (CUBA-library [Hahn 2005] provides Vegas,
Suave, Cuhre, Divonne)
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Calculation
000@

Hard Matrix Element

typical integral for Odderon exchange:

1 1
—2)(1 — 22)%u(1 — u)(1 — 2u)?
/0 dz/o duz(1 — 2)(1 — 22)2u(l — u)(1 — 2u)

S [ ((k = 2802 ) (ko — uBor)é)

2 (k= 2Par)? + 1) (k2 — wPr)? + 43)

[z (u): longitudinal momentum fraction of quark of upper (lower) system, kq 2 3:

t-channel gluons, ,u% = m§ +z(1— z)Qz, €,u: photon polarization vector]
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Calculation
©0000000

Observables

0 dependence of 2 GDA:
o P exchange — C odd 27 system — ®/=! ~ cosf + ...

@ O exchange — C even 27 system —
/=0 ~ ¢y + cpcos(20) + . ..

/da(s, e, 0,0') ~ [ Ms|? + [Mo)|?
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Calculation
0000000

Observables

0 dependence of 27 GDA:
o P exchange — C odd 27 system — ®'=! ~ cosf + ...

o O exchange — C even 27 system —
®'=0 ~ ¢ + cp cos(26) + ...
= consider double asymmetry:

[ cosO cos® do(s, t, mar, mh,,0,0") N | Mo Mp|
Jdo(s, t,mox, m, 0,6 I Mp|? + [Mo]?
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Calculation
00®00000

27 Distribution Amplitude

no experimental data on 27 GDA

starting point:

e expand GDA in Gegenbauer polynomials C3/2(22 -1)
(diagonalize QCD ERBL evolution kernel)

and Legendre polynomials P;(3cos®) , where 3= /1 — 4me

my .

(= W:fraction of long. momenta po,; carried by 7"

@ keep dominant contributions
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Calculation
000@0000

27 Distribution Amplitude - isovector

Isovector case given by electromagnetic pion form factor
&'=(z,0,mpy) = 62(1 — z)Bcos O Fr(m3,),

@ modulus of F, well measured in ete™ — 7t7—
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Calculation
0000@000

27 Distribution Amplitude - isoscalar -

For isoscalar case we use three ansatze - ansatz I:

@ use phase shifts from elastic wm scattering, moduli given by fy
and £ resonance
[Hagler, Pire, Szymanowski, Teryaev 2002]

®'=0%(2,0, my,) = 5z(1 — z)(2z — 1)

3 2 .
% <_2ﬁe:60(m2w) ’BWfo(mgﬂ)‘ + ﬁ2e:62(mzw) |BWf2(m§7r)‘ P5(cos 9))

[ BW: Breit-Wigner amplitude, P2: Legendre polynomial, §; phase shifts from elastic

7w scattering (experiment)]
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Calculation
00000800

27 Distribution Amplitude - isoscalar -

For isoscalar case we use three ansatze - ansatz Il

@ use phase shifts from elastic w7 scattering, moduli given by
Omnes function

®'=0(2,0, my,) = 5z(1 — 2)(2z — 1)

_ 122 . .
. <—326e’5°(’"“)ﬂ)(m§7r) i ﬁQe'M'"M)@(m%ﬂ)Pz(cos9))

where

2 S,
5 _ m27r max 6,(5)
fi(m3,) =exp (77/, + — ds  a— )>

2
am2 s%(s —mj5, — i€

1 Smax
I/ =— / C/S %25)
™ 4m2 S
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Calculation
00000080

27 Distribution Amplitude - isoscalar -

For isoscalar case we use three ansatze - ansatz Il

o like ansatz Il but phase shift 67 ; from 7T-matrix
2id
me~ —

Tl [Warkentin, Diehl, lvanov, Schafer 2007]

@ motivation: phase of form factor ['(s) = (w7 |m,Gu 4+ mydd|0)
follows above KK threshold rather o7, than ¢
[Ananthanarayan et.al. 2004]

50 and 57’70 (52 and (57’72

120

100

0.4 0.6 08 10 12 14 16 18 04 0.6 08 10 12 14 16 18
may [GeV] mar [GeV]

17/26



Calculation
00000008

27 Distribution Amplitude - isoscalar -

For isoscalar case we use three ansitze - ansatz IlI:
o like ansatz Il but phase shift 67 ; from 7T-matrix
%?_1 [Warkentin, Diehl, lvanov, Schafer 2007]
@ motivation: phase of form factor ['(s) = (w7 |m,Gu 4+ mydd|0)
follows above KK threshold rather 67 than ¢,
[Ananthanarayan et.al. 2004]

|fo| from g and o7 |f| from 5 and 675
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Results and Discussion

Double Differential

at given t asymmetry depends on my, of both 27 systems

ansatz | ansatz |l ansatz |l

o M
L7
LEELLRLR
IR ATF AR
S AN
‘w’#:’.‘#'.-

1
iﬂ&#ﬁéﬁa
g
L LT
N
Syl

.';(-:.‘W.

double differential cross section hard to measure ...
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Results and Discussion

Definition Single Differential

...integrate asymmetry for one 7 7~ pair

2
) fnrqnz,rfax dm'3. [ dcosfdcosd | M| cost cost'
/4(m2ﬂ-7 t) = min — 5 2
m21nax dm/27r f dcosﬁdcosel ‘M‘

min
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Results and Discussion

Single Differential at t = —1GeV?

To get single differential observable: integrate asymmetry for one
7t~ pair from .3 GeV to m,=776 MeV

, ansatz Il, ansatz Il
030+ 1T T
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Results and Discussion

Single Differential at t = —2GeV?

Integrate asymmetry for one 777~ pair from .3 GeV to m,=776 MeV

, ansatz Il, ansatz |l
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Results and Discussion

Single Differential at t = —2GeV?

Integrate asymmetry for one 77~ pair from mg to mMpax=1400 MeV
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Results and Discussion
.

Effective Luminosities

ee at ILC (250 & 500 GeV), pp at LHC, ArAR at LHC, PbPb at LHC

I [em™2s~1GeV ™!
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Rates at LHC

Rates at LHC

Rates at LHC per year: PbPb (1 month), ArAr (1 month), pp
(6 months) after [, ds,, [t dt

t=—1 GeV t= -2 GeV
number of events per year number of events per year
500
200 .
\ 100
100 \\\ & \
D - 53\\ \
o Vo N Ve

dotted: just Odderon exchange
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Rates at LHC
°

Summary and Outlook

@ asymmetry in vy — w7 7 : a promising candidate to
find perturbative Odderon in ultraperipheral events
@ only soft input: need for 27-GDA from experiment
very recent results from CLAS @ JLab: #(980) seen =
scenarii | or Il favored, and thus high asymmetry expected
@ background: P — « and P — PP peripheral events
o selection easier in heavy ion mode (detection of neutrons
produced by giant dipole resonance), but low cross-section
o Coulomb pole at t = 0 for ¥ — v mode — cut in p; of 777~
pairs to separate peripheral and ultraperipheral events (but
smearing due to beam size +initial running condition: see
Piotrzkowski)
@ questions for LHC:
o pile-up in the high luminosity mode
o tagging on * of low p; ~ 1 — 2GeV very difficult
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with or without fo

fo

asymmetry in 777~ production in ep scattering [HERMES 2004]

@ big: calculation without f
[Lehmann-Dronke et.al.

~ox 2000,2001]

| 0. Hydrogen ) . .
P ggé e inset: calculation with f
1 + £ [Hagler et.al. 2002]
0810 14

(o) f family (d) f fanily
C=+1, 120 c=+1, 120
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GDA definition

Operator Definition of GDA

Oz..m) = [ S2e N () (K)la(a(0))

with 2¢ — 1 = Bcosf, n: lightlike auxiliary vector, ¢’ = k + k'
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Effective Lumies

effective photon flux in the literature

Most recent report on UPC: K. Hencken et al.,, Phys. Rept. 458
(2008) 1: pp with L = 107 mb~'s™! and /s = 14000 GeV

Hencken et.al.
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Effective Lumies

effective photon flux in the literature

Most recent report on UPC: K. Hencken et al.,, Phys. Rept. 458
(2008) 1: pp with L = 107 mb~1s™! and /s = 14000 GeV

infact copied from G. Baur et.al., Phys. Rept. 364 (2002) 359: pp
with L = 14000 mb~'s~! (?) and /5 = 14000 GeV

Baur et.al.
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Effective Lumies

effective photon flux in the literature

Most recent report on UPC: K. Hencken et al.,, Phys. Rept. 458
(2008) 1: pp with L = 107 mb~1s™! and /s = 14000 GeV

infact copied from G. Baur et.al., Phys. Rept. 364 (2002) 359: pp
with L = 14000 mb~'s~! (?) and /5 = 14000 GeV

Baur et.al. with design Lumi for all
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Effective Lumies

Tagging the two photon production

[Piotrzkowski: Phys. Rev. D (2001) 63, 071502]

2 2
560 S 35
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= 50 s 30
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Effective Lumies

The Process

@ exclusive production of two w7~
7~ —pair pairs — colorless exchange between
them
e C-parity of ™7~ pair not fixed
o 77~ pair C odd = Pomeron
o w7~ pair C even = Qdderon

T T —pair

@ 27 GDA depends on polar angle ¢
in rest frame of 27

[ cos by cosOr do(s, t, max 1, mox1,061,0) N | MoMp|
[ do(s,t, mor1,mor1,61,602) |IMp|2 + |[Mg]?
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Effective Lumies

Single Differential at t = —2GeV?

Integrate asymmetry for one w7~ pair from .3GeV to m,=776MeV

, ansatz |l, ansatz Il for isoscalar GDA
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