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Int 7’0}[,_,,‘/} CJF, Lon

WQ are 2W{@f65£€01 AN /&:9}1_ ewer3/ Olifaﬁrac%[ve reacZ“c'om;
H'laﬁ 4;5, provcesses with small momentum (:ra%sfefs.

Ex amp les:

PT P = FPT P

7Tj: + F — T)‘i + P)
Yyt p — V + P, V = S)o/w)yﬁ,gl/x}),
X*-” P == 3)*_’—- P, DS structure WE““C%“OHS/

P+ P — P*’X+ P central exclusive
proc(ucfion , CE P,



These reactions cam KLe descrided with the help eﬁ o

2 xXchange objects :
E 9 -

? (C: -+ ’]) POmerOn./ SL(D'MlO( o{Om;na{'e a‘L’ /&rge Qnergd’eg/
O (c= -1) odderon (2)

R; “ﬁZR y Aag (C=+1)
| } reggeons
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2/ GZCD, "{;hejome.ron anol ‘Hne, oaloleron

Theoretical deas on the pomeron in (D were fist
puf ‘fOT’WﬂJ‘G( ,@/

FE Low, PR D42 (1925) 463,

S. Nussinov , PRL 2y (419%) 128¢.
ley ca len lated the ,Mcha‘nge, 0‘# +wo 3Zu0ns
Joetween colour anglel' hodrons, 2. 9. prolrons.

= m S
P P

peréur@ajcfve QZu.o"nS, mgu&fed

27 a small mass

JO/ /\/{//// >00
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with corcect mass less glu,ons have become a /@c‘g_ l:ma/us,‘/,'r)/

§1‘arf&w§ /from e famou,s works

E.A. Kuraey, L. N Lz‘pa%ov' V. S. Fao(in, Sov, ?kys.JETT’ V49 ('I?},Z)ﬁ?
— )
T.I. Balit sk)', Fers TN Lz‘pa%ov, Sov.7]. Nuel. Phys.g_gm;zg)gzz,

But Hiere are obvious proglems QFPLy(‘mg verburbation Hheory,

FQCD) to seft hadroncic processes like pt+p —> pPrp.
Peber Land shoff and fm)/Seff asked oursebves 4f we could
understand {he s8ft pomeren in ann'periur,@a{c\/e QCD,

We inveﬁchgaiee[ a ia)/ model on Z, 'Ph)/fo C35 (1982) Yo §.
Then J trired to ox tend His approa.ck to neal RCD us;uj
/fumcfc'oncu( fechn'ic)mey

O.N., Ann Phys. 209 (1991) y34




jn U«Es af)’?r‘OaOLL ‘/:@e. ,?om&r‘on coulcl «@e WriLLILQVL as %f\,e
coherent Qxckowxae oﬁ e@emev&ar/ exckav\ge,s of spie 2 +Y + 6+,

:: eZemeniafy
1P = Z g WCM%%Q/ oﬁ

_ % =1 /%\ spin 2m

Note that His series starts with spivt 7 Gl il spin 0 (s

/VVLFSSL"YLQ. TI/LCS A% Qa direci’ conse ?Memce 039 -/'R-Q, \/ector 'nafuu‘e
o? the Abasic oluark—' g[ucn CDu.PlCYlg in QCD. Ve also

found an odderon with vector charecter

In our presenf tensor - pomeron model we have

coy porcd:eel QXG.CH,)/ these structures 7&5{- P and O
9£VEM3 it a %ooal Kasts tm QCD.




juvzgft‘ga,%t'oms of 'fﬁe p0mer‘0m ‘usc‘mg ﬂte meﬂth(s
ofl /}JS/CFT carres[)ono(ence also preiﬁer' a tensor
mature o’ﬁ the pomeron

Dome kas) Harvey) Mann , PR D 80 (208"7) 126015
Tatrakss, ?amamur‘tc‘/ Shuf”)/qk , PR Dy [22916 )OYSO5



3 Tey\ SOTf pqmeron_f}@‘ Vgc{'or Oo(cler‘m’l

Our tensor - pomeron mo del Origined:ee( /from, discussions

with  Avdré Soké’niwg from the H1 group. We asked him

zC‘F ke co%lol fook «FO‘Y' eo(o(ert?n e#ed:g Lt TT+TT
r)ho%o pro duction. There we have [amomg others ) 4,0
processes with P and O mckamge, ’LQSY’QCH Vel}/l

Jyt P >0+ p

L———>7T+ B ZP QXCI’\Q’Vlge
(‘I‘ P > 'fz + p .

L e oo exchamge
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There will be ,,;,&er,ference between these process e and
&5 o comseguence Y T Charja &s)/mme%m‘es,
Cl«arge sy mm efries as a S\'g nal for odderon wckange_
nere  fiesk o Cscussed ,@\/
Broaﬂsl()/, Rathsman, Mecino, L, B Y44 (1999) 41y,
ITvanov, Nikolaev, G:‘nza@urg, Toc. DIS 2001, hep—ph 011 0181,

Andre asked as Hhree ‘fypz‘ca? quesh‘on.c:

¢ How farge ws the effect 2 Do you have a thereli cal
moole auowfwg to make preolCci'Consz

6

e [s there a /@adxgr‘oune!, and Ao Qa(‘ge, e it ,Z

¥ Js %ﬂere Q cm'r'espomoumg_ wewﬁ generafor,z



To awnswer Anot'f'é )S crbbe,s{:fons we. olf‘ew au_ ‘l’f.ﬂ. o(Ca.gfamg

f‘br }vf%l"— energy 7t 1T~ PHM:O prOo{u.chCon, we couldl
tim k O'f. There <5 a greaf number of such déagrams
and it was clear Hoat we meeded some ef@ech‘r\/e moglel
An ordes +o treat them all. At first we tried 4o wse the
Donnachie - Landls Lzof? ansah for the pomeron P where
eﬁfzckively it ¢s freafed as a yector achmge.ﬁué thes Heol

to unsurmount afle Qro@lems A qauge tnvariance. .
v P A\

10
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OV—(‘ Soz.u,{‘,c'ovm "IO ‘M\ESG Fr‘oélems it e '1:0 COVL%‘/‘T'LQC,L' an /I\%

@@FQC%CVQ ‘(ZKLQD(‘)/ /fDY‘ /begh’ewet‘?y ob:ﬁfrad-dve Y‘QG.CfL'OVL_q w[q_ere
® i = o QXOLLOM%QS’ F, :lezR ) A are treatee as

effective  spinl symmetric tensor uchqm.ges,

o all C=-4 @(c\’wm%es, O, We, Vg are treated as
.Q«F@ec%iv& vector pxcha.fnges.

C. Ewerz, M, Han?a%fs, 0. N., Avn, ?h)ls. 342 (2014 ) 34

The fhicory 4s formulated in terms oF propagators and vertices.
The vertices are derived from Lagromgfans f&r% coupla‘mgs.
o s wa./ inclusion 07? Phol:ons ¢s sfmiék/' fo—rwam( and

gauge mvarcance s ?uarawfeeal.. The ?eage /facf(ﬁ‘s are

Anco rpf)rafeal dn e ef{eu‘fve {arvf)agaforﬁ.



G
[:xa'm’ple: effecl'tve P ,oropagqéor anel ?{3]0 Cau,oZCng

Pomeron field:  P™oy= Py, P*x) Jrr = 2
. effec%ZVe ’oror)aoqa,‘tor

Vad . A (P) 4 L
£ —> éPTf “ A/”")/ xA (IS/%):’ %‘éﬂ%?vA‘*?/cAjvaﬂ 2?/*" XA)
= (—is o5 )O(IP (t)=1

p(t) =+ Ep+ont | go=00808 , 2= 0.25 Gev -

® Fo mefron — /97*0'2‘0)4. \/ed@(

b}

. (Ppp) / .
P Erp AT e s 3 B[]
A {
/‘C\/VV\@@;/P {_z'zf/*[f)'ff)y‘l' [/«cav)-—g—?w[p/‘pg)ﬁ
/SIPNN =1, 8% GQV-J 5 Ty .‘fo'r‘m factor‘

All par@.mefers are here determined fmm PP elastic sca#erfng_
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Now we were eguipped with a moolel aZZowng us to calewlate

all d[ag«rams for T pko{'oprod,ucifon and our Oxpen'mem‘af

friefncls also produced on event 3enerafor' Afor it.
Bolz, E werz, Maniatis, 0.N., Sauter, S‘cko"m‘xg, THEPO1/2015) 457
J shall shew you reswlts fO'f
~ total cross cection O YPp "97T*Tl"¢0)}
- Chmfge asym me%ry o’F Tt , " in the Profon~07aol<s,9n
S)/si’em/

- Q detailed <r€22m£na,(‘iz S{’u,o{/ //TOW\ H{ Oﬁ the
skape o/i the Q resomance.




= ° data (yp — p°)

= total

£ — p2(770), w(782)

f === - pomeron only

s s e - reggeons only

T non-resonant

& — f2(1270)

T 2 PP - Primakoff only
=== - odderon only

------ - reggeons only
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---------
-t
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oo
-

Figure 3. The total cross section o (yp — 77~ p) as a function of the center-of-mass energy Wip-
The cross section is intégrated over 2my; < Muyt,— < 1.5GeV and —1GeV? < ¢ < 0. The full
model and individual contributions from vector meson production, non-resonant processes, and f
production are shown. The reggeon contributions comprise for and asp in case of vector meson,
and pr and wg in case of fs production. High energy data for o (q/p — pop) 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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do(yp — 7tn~p)/dm [ub/GeV]

model /data

S0 F H1 Preliminary Tensor pomeron model
JHEP 1501 (2015) 151, Cmprovea(

ap,, = 0.45 GeV ™3 ;
prp — 65 GeV_l i

L Q% < 0.1 GeV’
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- 20 < W, < 80 GeV

60 b ¥
50 |
40

'lillll

302—
20 L
10 |

1.8 e

=

0.2

0.4 05 0.6 0.7 08 0.9

1 11 12 1.3

14

My
[Gev]



19
Concluscons on mTH T~ PhOJEO prca{u&ion:

@ We fave a ‘{’hearez'dcall/ rother satis /aol'o'y model. Some
,impré)vemenés have geen maole, gfva‘wg f&ew a nce
clesch)a{:Con o'ﬁ e SD SI«AF&. A furﬂter’ A\wPrOvemenf may
Ke o clusion of. the ?(4200) in additeon to the ?(7'/5"0)
aZreal)/ comsidered <im the model.

® The model gives predictions for all possible clistributions,
e.g. Tt T anguzqr‘ distriGutions m He T rest /ff‘ame.

® A search Afe:’ an odderon contridution in /fz Prog(uc(;[an

CDuZo[ /ge /ynae(e,.

® The aviension of e model To T+ olecl ro pr“ocluch'on
<5 s.kraigk‘{:’fovwcxr‘a(.

® A main ph)/sfc‘s ssue, besides the odderon, ws the cletermination of
the couplings of the pomeron to 0, 0 (145), and o (1200).



Z0
From the experimental side T see the fol?ow;‘;g cssues ;

® Th@ @([s{'[ng Q,\/eyu‘: 9enera{'or WOUJO& meed, as //éif" as (J

/Lwnderrs{-a»ndj some polishimg, The extenston to Q,Zecfm/aroducﬁ‘on

would be welcome.
® Tt would e mice if there could Be a seriows companison of
He HER A data on Tty Fr’Oalwd.L[an with e model .
At LHC there well seom be data on our neaction fr-om
CEP of Tt PaiTS AN Afo coll’scons,
® Jn the ﬁufure the T+ 7~ pkoi‘o- and eleoiro[)roo{ucfion
can ano will be studied ot Hhe EIC.

& WQ 'H’U:Yll( -Ma_i /Li' ’Uould @C MD{'Z’}’LWLL[ZQ 14:72 SOW@od/Jmayge
from the xFitter e could JQVQZDP the model o o

- tosl zasé«,’} useable K/v Xpoumentalists far ﬁ‘z‘h‘mg Heeir data,



H Applications of e fensor - pomerom model

P = TTTT P Bolz, Everz, Maniahs, O.N:, Sauler, Sﬁﬁv&m‘wg)
JHEP 1 (2045) 151

dp&o —> PP, S‘ofn olepeua[ence : Eu/ef2) Lﬂeied’aw;c%/ ON. , Szc2 urek)

@, X ) Lebic dowicz, O.N. , Sacz urgmg?éz (2016382
I 77, Yo Ann, Phys, 394 (201%) 3o1
9o RR. D, 074023 (2015)
T fo, 42 PR DIS, O5Up 15 (20%)
T+Hr= - P.R.D9Y, 034042 (2046)
9° il profon diss. R R, 195, 039036 (201%)
P PR, D9t 09902% (2018)
KT PR. D98, 019001 (2018)



/P/P LN ul'h'amepkeraﬁ KluSek’GaueuolQ) Le@feo(om'c’}:l O.\N.,
hee,\/y' con collisiowns S%C%urek) PRYD 9¢ (2017) 094029

kd— K™ [/(+ K wa ¢§1§ Lg@faolowfc?,, O, N, §%%ur€k;
PRD A9 (2019) o9y 03y,
£ T arXtv: 4901, 077288 (201¢),
= KK, whu” ar Xiv 1911, 01909 (2019),
Photoproduction andl Britager;, Ewerz, Glazov, O.N., Schmilt
bw x DIS ar Xiv: 41901. 08524 (2019)

PRD 100 (2019) # 40 07

Mamy thamnks go Lo all with whom J had

-i'he pleasure 1o collaborate on these projec'f's.




5 /Phoiogro o(uo%c‘om, anot [ow X :1>/_S LN ’Hft@ 'ﬁwo -

AT e . BT " A

fensor - pomeron moodel

SeEs -4

What can we sovy in the Hdenseor - pomeron a;ﬂpmaoh

W["LQVL 805\/\9 {«rom Sa?% fo /éLaFo[_ ‘)"Ea,QJCEOVLS.2
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We ('n\/eséfga‘te s {ofr DIESE
Q(M + P(P) — e([g) + X[F/)

o (k) e(k'y
>

¥3)
- },XGV)

pp)

la'me 'mafz"c va réa@les :

Se ek, gm koK, &gt
W= 0z _ 2 1"
P (P+Z) ) vV o= F'Z/mp = X +Q’_WPZ
,Z'MF

Q* Q%=




We. }Louow (n OnT worL Donmachie >4 Lamots‘ho#)

PL B 433 (1998) Y08, and assume that there are two
P@me,“f'omijgu‘t o’ﬁ %ens&r— %,X.Pe‘:

hard pemerom P

o

501“: pomerom P,

Our aim is 2o a/e\/e20}9 a model o(escm‘@o'ng wm one
fmme work
® {the hacd reqime of dow x DIS , that's, HERA
date Jor X € 0.01 | Q%< 50 GeV?Z;
€ 7"148 Saﬁf regtme ) QZ 5 1 Ge\/z) AN Fari‘[cuZa/r
Pho{oprodu.cf?on, QA= 0.

D. Britzger, C.Ewerz, S, Glazov, 0.N,, S, Schmilt, arXiv: 1901, 08524,

PRD 100 (2019) {14007

\J‘“‘



Th@ ’{ZWO—'{IZ’VLSOT”‘ p‘omeron m‘OOZP/Z

The veoction we sfuc(/ as theorists (s f@rwam{

)'LQaz a'no( viréual COVnP‘fon sCa/[i'eang
Wi w ppay — gy + pp )
N N

*
A o

8%

PpA) plp, )
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2%
Haoronic femsor oﬁ DIS :

w” (PZ” i A> 27 me (F/ZV‘ w(nfﬂj

N
From this we ge,f ‘n He usu.af wa/ fhe cross Secﬁons

f@f QKSOFP%"OVL ﬁ’f tramsverse and /80%8ctluo(lcnaz
virtuwal p)fw’[:ons on  the )oraz':on

6T(W’QZ> ) O (w)Qz).

Jhe dolﬂo’i‘o ad so r)olrc‘on cross section fw‘ rea | /DLLol’om" (s

ol
G;Of,x)o (wz) = 6,'],(\/\/}0>



2.8
]’YL ouUrT waao(d we olescr[ge 7“’16 \/ir‘LLuaz ComP‘Z'on Qmp)?tz'uo(e

af higl’t Qn(),rgc‘es /@/v Uchaﬂgeo’ff /ﬁzcuLo{ Ct'm.e( 3070{' 'oomeran.

j'yl ao{oui'[on we COVLsioleY‘ Ju,ggeaw &ckange) TeZ@VQVLf
for Lower W: fir, g

@)"’\/\,\‘ % )/(f/j)

Exchange oliagrafms '{)Of'

\Y)

@,@,fzfi;qzn /n(l/;\q\ (P’Z)

(2

P(FI/\) F(P’;\l)

The maon P&fa,mefer_s o’# «[:ﬂ,e moalez &TE the xfni(‘ef'cepis

of o, o, fir, arg and Heir COLLpiMgS 0 yryv.
/’%X*b’* coupling FuvxoffOYlS.' a‘,)-(w), /@[02).



Th@ (9‘)"6217(.‘Ca2 TE Sue‘f' s, 'neg Ze,ci'b\ng /o—r ’Hu's pr‘ese,ni'a:):‘(fon ‘éerms
o? order m}f/\/\/Z anol| (QZ/WZ;

@;ut/w (w*)= O (W b) = "/rdZ 32; (wz“” ) st( )«g (0)

JD'I

+ 'regjeon %erm.)

o246, (42a%) = ura T 35005 )Gers (55) £ (0)

3=0,1
O, (W, Q%) = Y7 R* D 35 (Wl )5 eos(Z 55 ) 2 a (9%,
j=o

Augwge nvariance relations are satis

G; (W5 RZE) o< R for Q°— 0.

4 ffeo{) L‘npcuu‘fcuzaf;

'



Fit results: photoproduction

53-: i T 1 |
= 2901 == Tensor pomeron fit o, B
B B Reggeon exchange contribution

200‘_ o FNAL tagged photon beam N

= Astroparticle data
s+ H1
v ZEUS

150t

100F .

W [GeV]
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For neal pkoéoagswr'piion./ a soﬁf reaction , we {7&1.0(

Jdomiviance o’ﬁ the saff pomeron 7/34 . The Ahard
pémerom, 7730 p Co'n%riguiion, &5 Ct)m,oa%[@gewhlﬁ Zero.

At W = 700 GQV} ,For' /L.MS{CLMCQ, we #L\Mo( *Hte follawfng
Con)crf,@u)cions to O bot

o, Y P
soﬂ pome ron 7?,, 170, 4 ff{i;' /u@)
Mard poméron t, 0.007. + 9-95¢6 /4/6’
- 0.002 ’
neggeon 0.9y + 0.97 /45/‘



For DIS +the olirec%l)/ mea sureol c}/uavd:i'i'/ £s the reducedl

cross sectiom :

7 2
SRS y) = o fo e o)

27 o5 [A+ (1-y)*] dx o Q*

Z

= K Z 62 292 ),Z 4
B Yz (4’—)()[6:1’(\”/0 )+GZ_(W16? >"4+ (4,_7)2_ 6)_—_/\/\/, (22)’}

IIZD<

As an Qxample we Show sur ;PC{' to the HERA dato
at Vs = 218 GeV. The f&%g ol the other values

of Vs = 225,251 and 300 GeV are similar



Vs =318 GeV

Z 2
)/ _ W+ CQ -'vn;%
) P
‘D

reduced cross
section

red

0.6

0.8

0.61

0.8

0.2F

Fit results: DIS (5)

0.4}

0.2}

 Q°=0.15 GeV?® [ Q%=0.2GeV? [ Q%=0.25GeV? [ Q%=0.35 GeV?
- Q%=0.4 GeV?

 Q*=1.2 GeV?

> //

HERA DIS {s=318 GeV
== Tensor pomeron
fit o,

F, component
—— Soft contribution

700 200
W [GeV]

o HERA (fitted)




Fit results: DIS (6)

£ [ Q%=1.5GeV? | Q°=2GeV? Q*=2.7 GeV? | Q°=3.5GeV®

| Q°=4.5 GeV? | Q°=8.5GeV? |

Vs = 318 GeV |

T - — g—

" Q%=18 GeV/?

o

2 Q*=12 GeV?

P Q*=27 GeV® [ Q%=35GeV? [ Q%=45GeV® [ Q%60 GeV®
: Tl | -

reduced cross 2€Q2=70G;\)é R 550030070 o
section

HERA DIS (s=318 GeV
=== Tensor pomeron
fit 0,
—— F, component
: Soft contribution
"o HERA (notin fit)
« HERA (fitted)

100 200 300 100 200 300
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Fit veswlés:

3 ,imferce,o%s -

hard powmeron Xp ()= 1+ £ ,  £,=03008 (—H.’»)

- 84
soft pomerom “p(0)=1+2 , &= 0,0935(4-%)

- 69
reggeom 7R+=’£’-R+ng 0(&(0) 0,485 (-1-88

© couPZCng 'fumcll:fov\s 63 (R?) /gj (QY) .

@ ’H’ze /EC{" seems %0 Pre#ef‘ Y‘a’[’lae/r‘ farge \/q2wes
/For 4’5«8 )'LQ:Z':O

R(Wiqy ~ 429

OF (W Q%)




R = oi/oTtand F_

* comparison to F. extraction by HI (not in fit):
fit prefers relatively large R

Tensor pomeron fit F
"""" W=300 GeV
E=— W=200 GeV
.............. W=1 00 GeV

O H1 data

lIII]II

I||lll]

o FEET T T T TP =TT 0 0.7:
%—' 1__ Tensor pomeron fit R=c, /o.. N 0.6;
o [ W=300 GeV ‘ C
==— W=200 GeV 0.5F

-------------- W=100 GeV -

O H1data | 0.4:—

0.30

0.2

0.1

Lol 0: L
10? 10™
Q? [GeV?]

10 107
Q? [GeV?]

e Future measurements of o and R at an EIC

would be very interesting.

&



Observations: R and the dipole model

R close to upper bound from dipole model,

Rmax = 0.37248.
This might indicate problems with the dipole

model in the corresponding kinematical regime.

Speaking of the dipole model ... (and since we
discussed photoproduction):

One should use W instead of xg; in the dipole
cross section - because of QFT, and since
otherwise photoproduction is constant in
energy.

N



Fit aesults, contined.

¢ At Q=0 and /for sma (] QL Saf{: pomaron, W?,) é)(c_l'ta‘nje

Jomimfes, {01" lu‘gh Q% Lthe hacd pamemn,ﬁ.
Their contributions are crbughly Qxi/u,az fmr' Qz‘:’/ 5Gev?:
Soft powmeron onl«ange LS cZearZ/ visi Ble up to A~ 20 GeV?
® We sece mo sfgm of saturation in our /FC{‘ to Hhe
HERA Low x data.
4 A !oowzero-n Oi)u(DZiV\g Zlke a \/ecfor cawuge @«:l\ui@{.

A vector ppmemn Ca'nnoz'j‘ cOn{rZ—@WLe/ ‘Z‘o %eﬂgko(’Oaxngﬁ;ﬁh
&ross ceet com and Fo the DIS shrctuce «Pwmcic‘oms.




9T

@ The twist expansion ws , v essence, an eXpansiovt L powers |
o’ﬁ 1/Q%. Thus, it cannol Ao wsed, for N —= 0.
For Q%> 10 GeV* our tesults are consistent with
'maki,ng the nelatioms:
= hard pomeron @(cl"«ccnje) RJ «—> /éaclt‘mg twist «—s

RCP om pnweoi ,ﬁartbn madef,
- So«fE pomeron @(chamgﬂ; Frye—s ﬂtgm,- twisks,
Thew OWT conczusfan LS Ula{- /@Lc‘gher iwfs{' ef/f@h shouZO(
meot fe zneg?_eci‘eol /for RE< 20 GeViat Low % .
® The tensor - pomeron model Aas me pmg@ewsgoc‘nj Adown
to 6222 O, We gef Q \/er)/ sai‘Z;/aozfary fté i‘o fﬁe olaf‘a
{ro-m small QZ/ fnclua(c‘ng Q= O, where e virtual plb@fon
hehaves /@.ao('ro%'é‘lfe} }o ,@u‘glq, Q%, the hard Jlag[me, An

one frame Work.



6 Comcl usions

e We have a[,ev&?,o,oeal, a moolel for o{{ffracff\/e hgk"ﬁne/?/
P’h@ ne mena_,d he CO up lﬁngs o/ the pomerorc and the
odd eron  +o particles are Like +those of a second rank

Symmeb{c tensor amd o vector, ms,oecbiveév-

® The meded has aZY'eaa(/ been a}oplt'eol to many reactions
GWLO( we ‘H’Lm«/( ‘HL@L‘ i% P c;ul%e wuser frc'&ncw/v.
® We have treated wmany central exclusive production (CEP)

reactione amod we hove 3,(,‘1/314, many Preob'cl—fmg {mr the
(..HC QXPQ)u'menJCﬁ‘ A sr;e(,iaz Q,mPAeLs[S was on )zeacftons
where one can [ook for- possc’@le odderon eﬁfecjc_s.
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@ Wo think that it would be very worthwhile 4o shwly

phaio- ano( elechrv )oroo(u,c%c'ﬂn Of Vecz'ﬂr’ MEeSONS fu.sfm.g

our model:

¥+ p —— V +p,

\/:’- 90/ W), ¢, J/?p
J have 1I:aU<Qo( aéoui‘ S)O }Droducﬂ'on at HERA. We also
have sovme resulis »ﬁ&r W anel ¢ Fhoko Py-og[uc,%[on_.

jn @ZQC%T‘O PYDJ/M.C’LEDVL we WEU, Joregumagey ha,\/e ga#f va/
hacd powmeron contributlons. Thes showld allew a

determination of the %r‘aJ'eo{'or/ oﬁﬁw, hard pomeron,
rohere from DIS we have Yo ‘nterceplt 06?[0); 1 3.

® Photo production can b studied at the LHC <n ultraperipheral
R p collions, Photo- and electroproduction of the ful—ure E|lC.
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FIG. 30: Left panel: The elastic w photoproduction cross section as a function of the center-of-
mass energy W.,,. Our results are compared with the ZEUS data [87] (at yp average c.m. energy
(W,,) = 80 GeV) and with a compilation of low-energy experimental data (open circles; see the
caption of Fig. 2 of [18] for more references). The black solid line corresponds to results with both
the pomeron and reggeon (for, a2r) exchanges. The black long-dashed line corresponds to the
pomeron exchange alone while the black short-dashed line corresponds to the reggeon term. In
the calculation we used the parameters of the coupling constants given by (B1), (B2) and (B4).
The blue solid line corresponds to the complete result including the ¢-w mixing effect (for the
P exchange) with the parameter set A (B5). Right panel: The differential cross section for the
vp — wp reaction at W, = 80 GeV. Our complete results, without (the black line) and with (the
blue line) the mixing effect, are compared to the ZEUS data [87].
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FIG. 32: Left panel: The elastic ¢ photoproduction cross section as function of the center-of-mass
energy W,,. Our results are compared with the HERA data [73] at W,, = 70 GeV and with
a compilation of low-energy experimental data (see the caption of Fig. 6 of [51] for references).
The upper lines represent results for two parameter sets, set A and set B, including the w — ¢
transition terms with (B9), (B10), (B11). Here we take in (2.19), in set A (B7), A%/IPM = 1.0 GeV?

and, in set B (BS), A%, Pog = 4.0 GeV?. The lower red line represents the result for the diagram (a) of
Fig. 31 only with the parameter set (B7). Right panel: The differential cross section do/d|t| for the
vp — ¢p process. We show the ZEUS data at low |t| (at W, = 70 GeV and the squared photon
virtuality Q% = 0 GeV?, solid marks, [73]) and at higher |¢| (at W, = 94 GeV and Q? < 0.01 GeV?,
open circles, [74]). Again, the results for the two parameter sets, set A (B7) and set B (B8), are
presented.
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Aotol;f onal Material

A Effective Propaga%ors and vertices of Hhe Tensor Pmeron
Model

B He/@cdiy Lve PP elastic sca‘&eﬂ‘wg awnd the Spiin structure
o¥ the po meron

C ﬂw{o pv"oo‘-u.c'h‘on a.nol /[D\.J X :DIS n ‘Hl_e, 'IL,WD—‘ £ensor-
Pomeron 'moc.{d

D \Varlous CEP neactlons i Hhe tensor- pomeron model .

Sc’ngle ¢ CEP+ a Smol{&ng 8,14.72_” for‘ odderor
Mohange 2 |
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