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AnsTRACT:  We consider the renction +p p at high energies. Qur deseription
includes dipien production via the resonsnces g, w, ¢ snd fo, and vis non-resonant mech-

anisms. The ealevlation bs bessd oo a model of high energy seattering with the exchanges
of photon, pomeron, odderon and reggeons. The pomeron snd the O = <1 reggeons are
deseribed as effective tenser exchanges, the odderon and the © = 1 reggeons ss effec-
tive vector exchenges, We obtain s gange-invariant version of the Drell-Soding mechenism
which produces the skewing of the pmeson shepe, Starting from the explicit formulee for
the matrix element for dipion production we construet an event generator which comprises
all contributions mentioned above and includes sll interference terms. We give examples of
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Related work:
. . . 7 total and differential cross sections snd diseuss asymmetnes which are doe to interference
[ ] P. LebledOWICZ O . Nachtmann A. SZCZurek aerV: 1 3 09 . 3 9 1 3 of @ = 41 and & = ~1 exchange contributions. These ssymmetries can be used to search
2 > > > for edderon effects. Our model is Intended to provide sl necessary theoretical tools for a
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. 1) A Model for Soft
Intl’OdU,Ctlon High-Energy Scattering
Examples for soft reactions: Examples of Feynman-diagrams
 clastic scattering:
* ptp—optp
e ptp—optp

e M+ pPp—=T+Pp

* photoproduction:
« ytp—p'+p
. y+y—>p0+p0

e central production: "
e pt+p— pt+meson+p

« For Vs — oo, but [t| = 1 GeV? this is neither a pure short distance regime nor
a pure long distance phenomenon. — difficult to treat in QCD.
> Physics of exchanges, Regge regime.

e Goal of 1): Formulate rules in terms of effective propagators and vertices for
C=1 and C=-1 exchanges compatible with etfective QFT.
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1) A Model for Soft

Combination of QFT with Regge theory leads to a dilemma  tign-Energy scattering

Example: p+p and p+p scattering in Regge approach

- P&
Plp,2s)

: W
p e te) PeR, X))

e (Donnachie-Landshoff pomeron ansatz)

(p(p}), P(ER)| T|p(p1), P(P2))|,, =1 [3Ben N F1(t)]? (—isal ) 1

x @(py) " u(pr)a(pa)vuu(pa) ,
(B(p)), ()| T |B(p1), p(P2)) |, =1 [38ennF1(t)]*(—isag, ) (1
x O(p1)v"v(py)u(ps) yuu(p2) ,
« The y'®y, structure suggests to consider the pomeron as an effective vector

exchange.

A QFT vector will couple to the proton and antiproton with opposite sign.
> Dilemma IP couples equally top and p .
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1) A Model for Soft

Pomeron as an effective tensor exchange High-Energy Scattering

* A way out off the dilemma:

> Write pomeron exchange as an effective tensor exchange.

> A tensor — like for gravity — gives the same sign for the coupling of particles
and antiparticles.

 Example:| 1P vertex ¥, /b IP propagator
NANANNNAS :
I

HE "T KA

—i3fennFil(p — p)?

1 ( 1 s F o (t)—1
1 ) ) 1 — | GusGur + GurGvs — 59 yn-.:.) (—isap )™
X {5 [V (@ +P)y + 7 (0" + D)) — ng{p’+ ﬁ}} 4s \7 e

 Is this all in contradiction to Donnachie-Landshoff?
> No! The amplitudes are for s — o exactly as for the DL-pomeron.
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- Whatelse has the model to offer? ~ Iamesn,

* Propagators for
— C=+1 exchanges (IP, f ,a ) formulated as rank-two-tensor exchanges.

— C=-1 exchanges (o, p,, odderon(?)) as vector exchanges.

* Huge set of vertices respecting QFT rules
- IPpp, yp, IPNN, pr'n, ...
— Form factors are taken into account and are explicitly given for hadronic vertices
(hadrons are extended objects).

e Inclusion of photons using the vector dominance model, VDM

« Set of all parameters with starting values; where possible estimated from
data.

> Everything 1s given to apply the model to a concrete calculation of
amplitudes.
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* Photoproduction of 7' pairs: Development of a MC-generator

« Aim is to construct a Monte Carlo event generator for the reaction

v(q) +p(p) — 7" (k1) + 7 (k2) + p(p")

at typical HERA energies (WYp = 10 GeV) or above.

> Draw all Feynman diagrams that should be included, and apply the model.
One ends up with the standard formula:

11 ‘
o 22 - * I
do = (4 2 —mz) ) ) (( 1)ZM¢M)

-

1 d3ky dPky &Py
(2m)% 2kD 2K§ 2p0

~ =d Phase Space
. 3. e
Sum over matrix elements squared ¢ P

0 (ky + ky+p —p - Q))

A o

Norm

> Find / write computer programs
» to calculate the spin sum.
 to integrate the phase-space 2 — 3 phase space.
 to obtain differential cross sections.
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2) Photoproduction

Included processes of T pairs

e Resonant p, o, p' production via exchanges of
pomeron (IP) and reggeons (f ,a ).

a)
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2) Photoproduction

Included processes of T pairs

o Resonant f production via exchanges of

- reggeons (P, W)
— photons (Primakoff-Effect)
— odderon (?)

PR, WR

Michel Sauter Model for photoproduction of ©'n pairs Future Physics with HERA Data 9



2) Photoproduction

Included processes of T pairs

« Non-resonant 7t production via exchanges of
— pomeron (IP) and reggeon (f )

7 (k2)  y(q)

-mm o (k) C=+1]
() p(p)
— photons, p, _
f) 7(9) ’n‘“(kl) 7(q9) . n(k2)  ~(q)
\—\\\\\‘ ”/’/,/ \\\\x\' ’///’,a
\\ \\ —
s (k) S e R SV C 1

p(p) P p(p)

Remark: The inclusion of these diagrams is a gauge invariant version of the Drell-Soding mechanism. The
non-resonant pomeron and reggeons interfere with resonant p production (1* diagram) — skewing of p-
line shape.
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e Results
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o(yp — m'w) compared to data 3) Resils

Data: DESY 97-237

'3' i I I T T 1T I I T T T ° da,ta, ("}(p N pop)
= — total
’Is‘:: 10 — p2(770), w(782)
+l: mmm - pOIIleI‘OII OIlly
& =eemes — reggeons only
T 1 non-resonant
& — p(1210)
e = e e - Primakoff only
=== - odderon only
10~1L =emeae - Teggeons only
1072 —
1073 _:
---i’q‘___------.---- E
10—4 | .'T’o.| L1t
103
Wap [GeV]

No agreement expected at
very low WYp values
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do(yp — n'n) / dm__, skewing (Drell-Séding) & w-p interference 3 Reaulic

W_=50-100 GeV

P
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~70;
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> 50
E |
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b40:
O |
30
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o e
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L |
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M, (GeV)

Data figure: taken from DESY 97-237
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do /dm +.—- [ub/GeV]

W_=30GeV
80 E (L | 1T 1 T 1 _tota_l
70 £ (D) — 2°(770)
- W, = 30 GeV | == non-resonant
60 - .= interf. p°(770)
50 & & non-resonant
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do(yp — n'w) / dm_, different contributions 3) Results

WYp =30 GeV
10% E"(""' T e total
10” I;) _s0cevy | —PUTT0)
P = 11ON-Tesonant
—w(782)
e p’(1450)

— />(1270)

do /dm+ .- [ub/GeV]
2

04 06 0.8 1 1.2 14 16 1.8 2
Myt — [GBV]

Michel Sauter Model for photoproduction of ©'n pairs Future Physics with HERA Data 14



do(yp — n'n) / d|t| compared to data, different contributions

3) Results

103

5 = — total
W =50-100 GeV = - _

. 8 [ W’yp = 30 GeV —_— 90(770)3 (.u‘(782)
- ZEUS 1994 ‘g === - pomeron only
c.;'; 102, Yo —>n'Np S A - reggeons only
g e, . QE\ s N ON-TesOnant
3 o * = — f5(1270)

3 (c) - R T~ T e - Primakoff only

’ | 101 === - odderon only

0 0.1 0.2 0.3 0.4 0.5 = e, T e - reggeons only
it (Cev?) — _
e 1072 g =
L) M — —
g%, . ¥p —>0p - :
> 1078 = =
= = =
i = -
- 1074 5}. 'l......‘. ey, '.‘.'.,a.... --.----?
1 E‘ qt.‘..' Tim, ::". . E
0 0.1 0.2 0.3 0.4 0.t =L T, N . (ERICT —
It (GBV,) 10 E_ '..' vy ..."c e freia, -y _E
10_6 _| | | ...]'*. 1 | 1 r'.“u | |_
0 0.2 0.4 0.6 0.8 1
t] [GeV?]
Data figure: taken from DESY 97-237
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do(yp — n'n) / d cosb o compared to data, different contributions? Resuts

cosb = angle

P
between ' and

outgoing p in
nn-rest frame.

da/d(cos b, ;) [ub]

102

10 | J

_l T T T T I T T T T | T T T T I T T T T |_
[ (a) 0.45 GeV < m+,- < 1.1 GeV ]

— total

— pY(770), w(782)

= non-resonant

— f,(1270)

----- - Primakoff only

=== _ pdderon only

----- interf. vector mesons & f5(1270)
== interf. non-resonant & f2(1270)
—_—

.

da/d(cos b, ;) [ub]

dfr,"d[ms ﬁk 1,p} [f-‘h]

1071 E

_0_']5_ TR B

0.05 F

_| T T T T I T T T T | T T T T I T T T T |_
E (b) 1.1 GeV < my+,- < 1.35 GeV

_l T T T T I T T T T | T I T T T T |_
C(e) 1.1 GeV < m_+,.- < 1.35 GeV ]

e Deviation from naive sin’0 behavior around f2-mass, due to interference of
C=+1 and C=-1 diagrams.
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- Charge asymmetries due to interference 9%

* The interference of diagrams with exchange of C =+1 and C = -1 objects 1s
signaled by an asymmetry under

k — -k
1 1

with k1 = 3-vector of ®' in 7 rest-frame.

« 7 distribution symmetric under reflection on the reaction plane (given by
incoming and outgoing proton) due to P-invariance.
* Define asymmetries with respect to specific direction in reaction plane.

py—p' T (w'n rest frame) Collins-Soper
system

Ea,cs

'"""""broton-.Jacksc»n system

P e
— > ‘ e #
> 3p P
- P s
.--'-.’ n_ . . I
e helicity system

sy
#" photon-Jackson system
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3) Results

Charge asymmetries due to interference

e Definition of charge asymmetry in proton-Jackson frame:

do do
~ dcosOy, , (cos Ok, p) — dcosOr, , (—cos b, p)
A(cos Oy, p) = — - for cosfy, , > 0.

dcosBy, , (cos Oy p) + dcosfy, , (—cos bk p)

e Definition of total charge asymmetry:

Atot = ———

1
do
— + d .
o+ A dcosOrn (% cos Oy, ,p) cos Ok, p
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Total charge asymmetry as function of m 3) Results

L

D. DE _| | I I 171 I | LB I I 171 I 11 I 11 I | L I 11 I | L
0.06 £
— total

== pdderon

=+ Primakoff

-’4-1:1:11:

0.04

0.02

-0.02
-0.04
-0.06

_D.DE|||||||||||||||||||||||||||||||||||
04 06 08 1 121416 1.8 2

my+.— [GeV]

» Significant charge asymmetry predicted around f2-mass = 1.27GeV.
* Asymmetry driven by Primakoff effect (YY) and odderon (?).
 Exact shape and sign of asymmetry depend on unknown model-parameters.
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Total charge asymmetry as function of |t|

3) Results

i 1 1 1 | 1 I I I I I 1 | 1 1 1 | 1 1 1 t

_5:*@ 0.2 E(b) 1.1 GeV < m +,— < 1.35 GeV =
0.15 == total =
0.1 == odderon E
==+ Primakoff .

0.05 & £
'k ;
-0.05 F =
0.1F 3
-0.15 F =
02EF =
; 1 1 1 I 1 | | | | | 1 I 1 1 1 I 1 1 1 'I_-

0 02 04 06 08 1

[t] [GeV?]

If the asymmetry (around f2-mass = 1.27GeV) is increasing as a function
of |t|, this 1s might indicate the observation of an odderon-effect.

Michel Sauter

Model for photoproduction of n' pairs Future Physics with HERA Data

20



PY—p T (' rest frame) Collins-Soper
— system L

e

305
p Bkr"f.* proton-Jackson sys:fm
~‘\$\ €
m Ea'H
e helicity system
3'T.-r""'ph0t{:-n—Jack5{:-n system
proton-Jackson system photon-Jackson system
{ '].15 T T T I T T T I T T T I T T T | T T T J { ﬂ.15 T T T | T T T | T T T I T T T | T T T J
T 0 (@) 11GeV <mpsn <135GeV] © 0 F(b) 1.1 GeV < mytn < 1.35 GeV 1
0.1 4= total ] 0.1 4= total ]
F| ==+ odderon . F|= =+ odderon .
0.05 5"" Primakoff _: 0.05 5"" Primakoff _:
E||_: ...... § B_: RT3 §
-0.05 F . -0.05 | .
0.1F - 01f -
[ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 % [ 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 %
1] 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.5 1
cos fy, 5 cos g, -

o All “common” frames to measure 0 are in the limit |t| — O identical.
o The used definition, however 1s for an asymmetry measurement crucial.
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~ Comments to the model-parameters

e Our model comes with lots of
parameters, which are partially
unknown.

o All plots are for a default set of
parameters, precise shape and even
some features depend on
parameters. I.e. reality might be
different.

e Some characteristics are generic:
— Asymmetry around f2-mass.
— Increase of asymmetry as function of |t|
driven by odderon.

Michel Sauter

parameters see eqs. default value constraint rel.

m, (B.3)-(B.18) 775.26 MeV 775.26 + 0.25 MeV 62]

m, (B.3)-(B.18) 782.65 MeV 782.65 + 0.12 MeV 62]

I (B.3)-(B.18) 8.49 MeV 8.49 + 0.08 MeV 62]

b (B.17) 3.5 x 1073 (3.5+0.5) x 1073 [61]
o (B.17), (B.56) 11.51 11.51 + 0.07 [61]
G (B.17), (B.57) ~0.35 ~0.35 4 0.10 [61]
my (B.22) 1465 MeV 1465 + 25 MeV 62]

r, (B.22) 400 MeV 400 + 60 MeV 62]
Gy (B.55) 0.5 x
my, (B.29) 1275.1 MeV 1275.1 + 1.2MeV 62]

Ty, (B.29) 185.1 MeV 185.1124 MeV (62]

%jz”] (B.30) 84.8% (84.8729)% 62]
ep (B.32) 0.0808 0.0808 [24]
b (B.32) 0.25GeV 2 0.25 GeV~2 [24]

ag, (0) (B.34) 0.5475 0.5475 [24]

o, (B.34) 0.9GeV~2 0.9 GeV—2 [24]

ar_(0) (B.36) 0.5475 0.5475 [24]

oy (B.36) 0.9GeV~—2 0.9 GeV—2 [24]
M_ (B.36) 1.41GeV 1.41GeV [24]

70 (B.38) —1 +1 24 =«

€0 (B.38) 0 €p < ep [24] =

ol (B.38) 0.25 24 =«

- (B.46) [-Lo.496] 1/ [L(0.496+0.023)] /% [24]

Yo (B.46) (L0042 7Y% [A(0.042+0.0015)] % 24

Ve (B.46) —[L0.0716] Y —[L(0.0716 £0.0017)] % [24)

Yo (B.46) Y x

Lo (B.52) 2.7928 2.7928 [24]
m% (B.53) 0.71 GeV? 0.71 GeV? [24]

m3 (B.54) 0.50 GeV? 0.50 GeV? [24]
Gforn (B.59) 9.26 9.26 +0.15 [24]
Ay, (B.60) 1.8GeV 1—4GeV x
afyrr (B.62) £1.45GeV—? £1.45GeV—3 [24]
by (B.62) £2.49 eV~ £2.49GeV! [24]
BeNN (B.65) 1.87GeV~! 1.87GeV~! [24]
Bpor (B.70) 1.76 GeV ! 1.76 GeV ! [24]

Ifanpp (B.73) 11.04 11.04 24]
Gasnpp (B.75) 1.68 1.68 [24]
fanrr (B.77) 9.30 9.30 [24]
oo (B.80) 15.63 15.63 [24]
22
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© Summary and Conclusions

o Ewerz-Maniatis-Nachtmann model: formulation of a Regge-type model

respecting the rules of QFT to describe high-energy soft reactions:
- C=+l exchanges IP, f ,a  represented as tensors.

— (C=-1 exchanges o, p, odderon(?) represented as vectors.

— List of vertices, propagators and parameters given.

e New MC generator for the reaction yp — ' w p
— Preliminary comparisons with data look fine.
— Includes interference effects (Drell-Soding mechanism, ®-p interference, y-p
and odderon-p interference)
— Different m and t behavior for different included processes.

— Charge asymmetry around f2-mass: Increase as a function of |t| might indicate
an odderon-effect.
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Charge Asymmetry in af-plane
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