Hard Pomeron-Odderon effects in the production
of 77~ pairs in ultraperipheral collisions
[Phys.Rev.D78:094009]

Florian Schwennsen
LPT, Université Paris-Sud 11 and CPhT, Ecole Polytechnique

0 /3
‘i% ECO

LE
POLYTECHNIQUE
Tech

in collaboration with B. Pire, L. Szymanowski, S. Wallon

DIS 2009, Madrid, 26-30 April

+

Florian Schwennsen with B. Pire, L. Szymanowski, S. Wallon Pomeron-Odderon interference in 7" 7~ pairs production



Introduction
.

Motivation

colorless gluonic exchange
o C =+1: Pomeron, in pQCD described by BFKL equation
e C=—1: Odderon, in pQCD described by BKP 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 observables, where IP vanishes due to C-parity
conservation~ | Mg|?
e consider observables sensitive to the interference between P
and O ~ Re MpMg
P/O coupling to proton not perturbatively calculabe =
photon collisions

o
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The Process

forward proton

@ in ultra-peripheral
collisions at the LHC:
hadrons as a source of
almost real photons

7t —pair

@ exclusive production of
two 7T~ pairs —
colorless exchange
between them

7w —pair

e C-parity of 77~ pair not
fixed

forward proton

o

7~ pairs production
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Calculation
.

Kinematics, Framework

@ Bremsstrahlung: photon
virtuality ~ 0, flux by
Weizsacker-Williams

@ high energy limit
s> |t > /\(2QCD

@ photon impact factor known
(in contrast to hadron IF)

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

@ collinear approximation —
27 GDA o: variables
e quark momentum fraction
z
e polar angle 6 in rest frame
of 27
@ invariant mass my,

o

7~ pairs production
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Calculation
°

Matrix Element

P exchange in vy — (777 ) (nt77):

M ~ s/ d?ky d?ky 6@ (ki + k2 — Por)

(27)2 k2 k2

1
X |:/ dZ @P(E17E2) ¢I:1(279’ m%ﬂ')
0

1
X / dZ/ Z — Z . éﬁ»(l_(’la E2) ¢I:1(Z/79/’ mlgw)
0

o
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Calculation
©0000000

Observables

# dependence of 2 GDA:

o P exchange — C odd 27 system — ®/=1 ~ cosf + ..

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

/dO’(S, t, maz 1, M2r 1, 917 92) ~ ’M]P’|2 + |M(O)|2

o
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Calculation
0®000000

Observables

0 dependence of 2w GDA:
o PP exchange — C odd 27 system — ®/=1 ~ cosf + ...

@ O exchange — C even 27 system —
®'=0 ~ g + c cos(20) + . ..
= consider double asymmetry:

J cosby cosbado(s, t, max 1, Mar 1,01, 02) __ [MoMe|
f dU(S, t, moz 1, M2r 1, 91) 92) |M[P>|2 + |M@|2

o
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Calculation
00®00000

27 Distribution Amplitude

no experimental data on 2 GDA

starting point:
e expand GDA in Gegenbauer polynomials C3/2(2z —1) and

Legendre polynomials P/(3cosf) , where 5 =, /1 — =5=

@ keep dominant contributions

o
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Calculation
00000000

27 Distribution Amplitude - isovector

Isovector case given by electromagnetic pion form factor
®'=(z,0, my,) = 62(1 — z)Bcos b Fr(m3.),

@ modulus of F, well measured in eTe™ — wtn~

o
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Calculation
00008000

27 Distribution Amplitude - isoscalar - ansatz |

For isoscalar case we use three ansatze - ansatz I:

@ use phase shifts from elastic w7 scattering, moduli given by fy
and % resonance
[H'aigler, Pire, Szymanowski, Teryaev 2002]

®'=0%(2,0, my,) = 5z(1 — 2)(2z — 1)

x <_325elﬁo<mzﬂ> | BWg(m3,)| + (™) | BW, (m3,)| Pz(C059)>

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

7 scattering (experiment)]

o
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Calculation
0000000

27 Distribution Amplitude - isoscalar - ansatz |l

For isoscalar case we use three ansatze - ansatz Il:

@ use phase shifts from elastic 77 scattering, moduli given by
Omnes function

®'=%z,6, my;) = 5z(1 — z)(2z — 1)

. <_325e'60<m2%(m%ﬂ) + ﬁ2e'52(m2”)fz(mgw)Pz(COSG)>

where
2 Smax 6 (S)
1(m5,) =exp (w I+ 7 o s P P———— I€)>
1 Smax
h:/ $&f)
™ 4’"% S

o
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Calculation
00000000

27 Distribution Amplitude - isoscalar - ansatz IlI

For isoscalar case we use three ansatze - ansatz Ill:
o like ansatz Il but phase shift 1 ; from 7-matrix
& [Warkentin, Diehl, Ivanov, Schafer 2007]
° motlvatlon. phase of form factor
(s) = (mm|mybu + mydd|0) follows above KK threshold
rather 7 than ¢; [Ananthanarayan et.al. 2004]

do and (57’70 d2 and 5T,2

04 0.6 08 1.0 12 14 16 18 04 0.6 08 10 12 14 16 18
ma, [GeV] ma, [GeV]
+
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Calculation
0000000@

27 Distribution Amplitude - isoscalar - ansatz IlI

For isoscalar case we use three ansatze - ansatz Ill:
o like ansatz Il but phase shift 1 ; from 7-matrix
& [Warkentin, Diehl, Ivanov, Schafer 2007]
° motlvatlon. phase of form factor
(s) = (mm|mybu + mydd|0) follows above KK threshold
rather 7 than ¢; [Ananthanarayan et.al. 2004]
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Results and Discussion

Definition Single Differential

+

...integrate asymmetry for one 77w~ pair

A

m?n'd,x 2 2
fm2 > dms, J dcos by dcos b, | M| cos by cos b
A(mgml, 1.') =

min

fn':;%fax dm3,_ , [ dcos 6 dcosb; IM|?
min

o
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Results and Discussion

Single Differential at t = —1GeV?

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

, ansatz I, ansatz Il
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o

7~ pairs production
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Results and Discussion

Single Differential at t = —2GeV?

Integrate asymmetry for one 77~ pair from .3GeV to
m,=776MeV

, ansatz I, ansatz Il
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Results and Discussion

Single Differential at t = —2GeV?

Integrate asymmetry for one 77~ pair from my, to
Mmax=1400MeV

, ansatz I, ansatz Il

0.37‘/‘ ~ o é
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Results and Discussion
0

effective photon flux in the literature

Most recent report on UPC: K. Hencken et al., Phys. Rept. 458
(2008) 1: pp with L = 10" mb~'s~! and /s = 14000 GeV

Hencken et.al.

5 2 =
o o o
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Results and Discussion

[ Je]

effective photon flux in the literature

Most recent report on UPC: K. Hencken et al., Phys. Rept. 458
(2008) 1: pp with L = 10’ mb s~ and /s = 14000 GeV

infact copied from G. Baur et.al., Phys. Rept. 364 (2002) 359: pp
with L = 14000mb~1s~! (?) and /s = 14000 GeV

Baur et.al.
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Results and Discussion
0
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Results and Discussion
oe

Rates at LHC

Rates at LHC per year: PbPb (1 month), ArAr (1 month), pp
(6 months)
after [, dsy, [ fmin. oft

tmin = —1 GeV tmin = —2 GeV

number of events per year number of events per year

N 500
1000

100

w0\ \

5F \
200V Smin . . . o0 \ /Smin
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Results and Discussion
°

Summary and Outlook

@ asymmetry in vy — w1 w7 ~: a promising candidate to
find perturbative Odderon

@ only soft input: need for 2r-GDA from experiment

o
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with or without fj

fo

asymmetry in 77~ production in ep scattering [HERMES 2004]

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

i ] 2000,2001
\/\ gl Hydrogen . ] . .
Pty %:gé @ inset: calculation with f
i + 108 [Hagler et.al. 2002]
09 10 11 (a)  pfanily (b)  pfanily

(d) f fanily
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J=0,2,..
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GDA definition

Operator Definition of GDA

Oz.C.m,) = [ 5e P it () (k) a(n)a(0))0)

with 2¢ — 1 = B cosf, n: lightlike auxiliary vector, ¢’ = k + k’

+
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hard ME

Hard Matrix Element

for Odderon: 2 — 2 with four loops

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

+
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hard ME

Hard Matrix Element

. most complicated diagram corresponds to

where all legs have different off-shellness 4 two parameter
integrations

= use MC integration (CUBA-library [Hahn 2005] provides Vegas,
Suave, Cuhre, Divonne)
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hard ME

Hard Matrix Element

typical integral for Odderon exchange:

1 1
z uz(l—z)(1—22)u(l — u)(1 - 2u)?
/Od/od(l (1 — 22)u(1 — u)(1 - 2u)

x/ d%k /d2k 1 ((El - Zﬁh)é) <(/_('2 _ Ul_527r)€'u>
TR (R - 2 1 a2) (R uBer)? 4 13)

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

t-channel gluons, ,u% = mg +2z(1- z)Qz, €,u: photon polarization vector]

o
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Effective Luminosities

Effective Lumies

/ p-p with form factor [46]

p-p with form factor [45]
R

p-p treated as ion
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Rates at LHC

Rates at LHC

Rates at LHC per year: PbPb (1 month), ArAr (1 month), pp
(6 months)

t=—1 GeV t= -2 GeV

number of events per year number of events per year

500
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\ 5

0 V Smin L — . v v 00 Smin

1

dotted: just Odderon exchange
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Results for the Asymmetry

Double Differential

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

ansatz | ansatz Il ansatz Il

A
e W i
o LB LT
P
' T N2
05 ......

double differential cross section hard to measure ...

+
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