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Introduction
Examples of high-energy soft reactions:

e elastic scattering
p+p—p+p
p+p—p+p
T+p—>mT+p

e photoproduction
y+p =’ +p

vy =0+
e central production

p+p—p+ meson +p
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Introduction
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Vs — 00, /|| <1GeV

In QCD: neither pure short nor pure long distance regime,
difficult to treat.
The physics of exchanges, regge regime. Exchange objects:
pomeron P
reggeons for, g, Wr, PR
odderon (?) O

e Our aim is to give simple rules, compatible with QFT, for
calculating such exchange amplitudes.
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Examples:
ep+tp—p+tp
p P

PJ fplﬂz qu

P 4

o y+p—p"+p
e _ /3>°
Plr,a,
s P
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Introduction
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We need a list of effective propagators and vertices:
IP propagator, Ppp vertex etc.

We tried to make a marriage between QFT and Regge theory.

Unexpected results:
o P as an effective rank-two tensor exchange.

o Relations between particle-particle-particle and
reggeon-particle-particle vertices.

¢ Insight into the meaning of the vector-meson-dominance
(VMD) relations.
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The tensor pomeron
[ eJelele]

The tensor pomeron

Example: pp and pp scattering
Starting point: standard Donnachie-Landshoff (DL) pomeron

v

P, A0 P(F'[’A;)

e 7 Pl -1 effective vectorial
(~isop) exchange

PP, A) P PLPL, N

s=(p1+p) ., t=(p1—p))?, ap(t) =1+ ep + apt
ep = 0.0808 , ofp = 0.25 GeV >
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The tensor pomeron
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The DL pomeron is very successful, but there are problems. An
effective vectorial exchange gives opposite sign for pp and pp
amplitudes. But P exchange must give same sign.

In other words: [P exchange has charge conjugation C = +1
and not C = —1 as a vectorial exchange. Cure “by hand”
changing signs of certain amplitudes? Difficult to impossible for
more complicated reactions!
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The tensor pomeron
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Our solution: P as an effective tensor exchange

Y piAp) 42

Ppu) PFi, %)

F Casa) Yol
( L,Ab yf‘(f’é‘.f)‘)V / A\«
P(p=,az) +(pe>v) P&,

A tensor, like in gravity, couples equally to particles and
antiparticles.
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The tensor pomeron
[e]e]e] o]

At high energies we get, with suitable coupling factors,

(p(1),p")ITIp(1),p(2)) P =
(p(1"),p(2)IT|p(1),p(2))|p =

i[38pnF1 (1)) (—isalp) PO 1256y Oy,
Bpyy = 1.87 GeV™! | Fy(r) form factor

)

This is the same result as for the DL pomeron. But now the
relative sign between pp and pp is correct automatically.
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The tensor pomeron
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o Effective PNN vertex and P propagator:
4 / /
v L5 0 6P +5 1 p)mi 0 ')
o XA (
4, p (t)-
5"€W s (iseg )P0
y /
a [ Jroe Jer * Gpa e = zg/«vgaegj
Tensor pomeron P, =P, , P, =0.
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Effective propagators and vertices
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Effective propagators and verticesfor C =1 & C = —1
exchanges

Our aim: give a list of propagators & vertices.
If you want to calculate the amplitude for a specific process, e.g.

y+p =P +p

proceed as follows:

e draw the relevant diagrams
e combine propagators and vertices
e get a result fitting the data perfectly!?
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Effective propagators and vertices
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Some highlights from our list:
e all C =1 exchanges, P, f>g, axg, are represented as
rank-two-tensor exchanges.

e all C = —1 exchanges, O (?), wg, pr, are represented as
vectorial exchanges. Example: wg

P(P) P(P/) .
“R ~4Gugpp i [P ] e
/‘t
Jorpp = 865, M =4y gy

f&
5 —> %L)RT//— i9 (M. )2 (—i/sfxf({- )
v

% (1) =9.5f+o(ﬂ/ t, 0(7{ = 0.9GeV °
- — )

Ar_(t)-1
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Effective propagators and vertices
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e inclusion of photons using vector meson dominance, VMD
o A
T 1% - _ﬁz___ _ 0
KV Y ‘e 7, Iy V—g,wjgé
No gauge invariance problems using our QFT vertices!

¢ relations between particle-particle-particle and
reggeon-particle-particle vertices.

Example:
frm forTm
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Effective propagators and vertices
[e]e]e] )

/Tf/k,) /77(/</)
4 o fx 7
T WM

2
Tr{kz) N7 (/()
gf2ﬂ'7r (k —k)(k —k)  Ghnn o
2M 2 1 2) X i M FM[(]C k) ]
0
1
— g8l — k)’ (K + K)ok + Ry
1
- Zgnk(k/ + k)z]
My =1GeV
8hnm = 9.26 £0.15 8pprr = 9.30
from I'(f, — mmr) from oror(75p)
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Photoproduction of atn— pairs
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Photoproduction of 7" 7~ pairs

(@) +pp) = 7 (ki) + 7 (k2) + p(P')
Many exchanges, both with C = +1 and C = —1, contribute.
e Our aim: construct a model amplitude allowing to calculate

all distributions including asymmetries due to C = +1 and
C = —1 exchanges.

e The reaction can be studied e.g. with HERA data and may
be used to look for odderon effects
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Photoproduction of atn— pairs
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Photoproduction of atn— pairs
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Photoproduction of atn— pairs
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There are many diagrams. It is essential to have a model where
charge conjugation properties and gauge invariance are
automatically correct.

We can calculate all distributions and asymmetries in our model
with parameters to be fixed by experiment.

Examples as given in JHEP 1501, 151 (2015)
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Photoproduction of atn— pairs
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® data (yp = p°p)
— total
— pO(770), w(782)

--- - pomeron only
r <o - reggeons only
—— non-resonant,
— £2(1270)

- Primakoff only
- odderon only
- reggeons only

a(yp — 7t p) [ub]

107!

10°
W,y [GeV]

Figure 3. The total cross section o (yp — 7+ 7~ p) as a function of the center-of-mass energy W,,.
The cross section is integrated over 2m; < mg+,- < 1.5GeV and —1GeV? <t < 0. The full
model and individual contributions from vector meson production, non-resonant processes, and fo
production are shown. The reggeon contributions comprise fogr and asp in case of vector meson,
and pr and wg in case of f; production. High energy data for o (yp — p"p) from H1 [17] and ZEUS
[16, 18] at HERA as well as fixed target data, referenced in [18], are shown for illustration.
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Photoproduction of atn— pairs
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3
o~ 10 T — — ol
L 7
g - W, = 30 GeV P(770), w(782)
s u - pomeron only
= - reggeons only
3 10 S
= —— non-resonant
= 1 — f2(1270)
- Primakoff only|
10-1 -=-- - odderon only
0 - reggeons only
1072 4
1072
0t
107°
1076

i
1
[t] [GeV?]

Figure 4. The differential cross section do/dt (yp — w7~ p) as function of |t|. The cross section is

integrated over the range 2m, < mg+,- < 1.5GeV and given for fixed W, = 30 GeV. In addition

to the full model results also contributions from the main diagrams are shown, see figure 3 for
explanations.
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Photoproduction of atn— pairs
[e]e]e]e]e]e] o]

104 g T
) E — total = — total
N O] — 0(770) > b) — (770)
Q Wyp = 30 GeV — non-resonant] Q ,p = 30 GeV | — non-resonant
=) 102 b — w(782) = -« interf. p°(770)
- E AR - & non-resonant|
& £ #/(1450) & - - interf. p%(770)
§ 10k — £(1270) b & w(782)
S 1 < E|
= = 3
1y o E|
=107 = 3
1072 E
T Y V< U I S St E
1 1 1 1 L 1 1 1 1 1 1 3
040608 1 121416 18 2 04 06 08 1 1.2 14
Moo [GeV] M+ [GeV]

Figure 5. Differential cross sections do/dm +.- (yp — 77 p) as function of my+,- for fixed
W,, = 30GeV and integrated over the range —1GeVZ <t <0. (a) The full model, non-resonant
contributions and the contributions from the resonances p°(770), w(782), f(1270) and p'(1450)
are shown. (b) Dominant contributions in the p mass region including the leading interferences of
p°(770) with the non-resonant 77~ production and the w(782) meson are shown.
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Photoproduction of atn— pairs
0O000000e

0.08 e

. o - B I N L o
3 [ (s ] 3 E JeV _ .35 GeV3
< 06k (a) ] < 02 : (b) 1.1 GeV < mg+,- < 1.35 C(VE
f[— total ] 0.15 = total E

0.04 -~ odderon b 01 £ odderon E!

t Primakoff ] " H- - Primakoff El
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0 = . 0=
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r 1 -0.15 F =
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Figure 7. Total charge asymmetry Ao (3.4) in the proton-Jackson system as function of the

(a) invariant mass of the ¥ 7~ system and (b) squared momentum transfer ¢. The asymmetries
are presented for fixed W,, = 30GeV and (a) integrated over the range —1 GeV? < ¢ < 0 and
(b) integrated over the range 1.1 GeV < mq+,- < 1.35GeV. The individual contributions to the
asymmetries from photon (Primakoff) and odderon exchange are shown by the green dashed-dotted

and blue dashed lines, respectively.
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Conclusions

e We outlined a model for high-energy soft reactions based
on QFT plus elements of Regge theory. We give a list of
propagators and vertices.

e C = +1 exchanges, P, fir, asg, are represented as tensors
of rank 2.

e C = —1 exchanges, O(?),wr, pr, are represented as
vectors.

e Comparisons with data would be most welcome:
ISR, UA1, UA2, FNAL, HERA, LHC, COMPASS, RHIC
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Conclusions
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e The model allows to calculate cross sections and
distributions of soft reactions in terms of just a few coupling
parameters.

e Central production: result available for
p+p—=p+M+p, M=0""and 0" " mesons
scalars (0771) : £,(980), fo(1370), fo(1500),
pseudoscalars (0~1) : 1, 7/(958).
p+p—=p+r+7 +p, “photoproduction”contribution

o diffractive dissociation:
p+p—p+X: workin progress,

e DIS
v +p—=~"+p: work in progress.
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Central production of 0+ meson M and 0~ mesons M

7 PP

(Pa

— == = M), Mk
P(3.)

P> ‘
P[Pz)

M = f5(980), fo(1370), fo(1500)
M = 1,1 (958)

O. Nachtmann Universitat Heidelberg

The tensor pomeron model for diffractive processes



Conclusions
000e00

effective coupling Lagrangians (M, = 1 GeV)

Lepm = MogppyP ()P (x) X1 (%)
toa 1 gIP]PM [a'u]PVp( ) — 8’/]13”'0()6)] [8“]131,/)()6) - au]Pup(x)]XM(x)

2
Lppji = *ﬁggmm [aplPW(x)] [8UIPKA(X)]8W€V)‘MXM(X)

—

<
M3 g]PIPM et [3 XM( )] [6M3PH4V1 (x) - 8#4PM3V1 (x)] altz

[0F3PE (x) — 0" PL2 (x) ]
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o Fits to data from WA102, /s = 29.1 GeV, have been made
and are O.K., determine coupling parameters.

e Do the same coupling parameters fit LHC data at \/s =1 to
13 TeV?
Absorption effects, gap survival factors?

e Which distributions are accessible at LHC?
e Central production of ¢ and J/v and odderon search:
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e Open problems:

- Absorption

- Inclusion of strange particles?

- Form factors?

- Closer connection with QCD?

- General comparison of the model with data on soft
high-energy reactions.
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