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At this worksho[: 7 shall discuss CET
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What cam we hope to kearn from CEP f

® (1) @roper‘lit'es and e cowplings of the zxckawga O@A'ea%s
P, O, R, Y to the external protons and to +he cystem X.
Here P, R, y are well estallished . But what 4s the
spin structure of the pomeron P 2 7 think that we
could clarri¥y thie %es%(ﬁon. Does the *elusive odderon’

axist? 7] hope to show you that CE?P opfers
Mceuen{‘ ‘possi«giliﬂes %o shwly Ocloler‘on eﬁ@ecis.




® (7-) 'Pfrope,rl'fes o’f %ke, s)/sjcem X
- Search /fzrf and charactercsation e’ﬁ resonances e\g. glueéalls .

= X = 3‘6‘(7[4) + 3231[7(23 :“haro(l alt'f»)fraojnbn,
G, I*ngo/e man, T Sehlecn, PLBAS2 (1935) 256
= X = Hbggs par{’c\cze oY HL‘cjjs paml:[cle, + Sof’l’ JP/{‘S

A.Schafee, O.N., R, Schdpf , PLB 299 (1990) 331,
A. Bialas , RV, Lanolshotf , PLRB 256 (1931) Yo,

Extensive woark e.g. @)’ the Durham group
- X = Qj’@“} /4*/’ efe.  electrowealk Pk/S‘bsz
mon SM H’fggsjwn P)'L)/St'cs ’@e/on‘i the SM.
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X a group oﬁ hadrong : TtT~ K™, pp, -
(alew latro ns o‘? CeP «er such Sys{-ems X —from ?frsf‘
Pri“"if’leg O’F QCD are skill too olf]eﬁt‘cd,t fov- thewrists

ot prre;ent We meed models. We have o(eve,loymo( one
Suok meole,ez
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Tensor powmeron and vector Oo(o(em'f[

C. Ewerz, M. Maniatis, O.N. | Arn, Phys. 342 (201y) 31
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CEP X
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heeu/y cow collistons S'%c%urek) PRD 96 (2017) 094029

K* K [/<+K via gﬁ?l) Le@feolowfd, O.N. §%%ur€k)
acXivi 41994, 411490 (2019)
S arXevi 1901, 03788 (2049)
gb/> WK: /ﬁ;u” In prepara%fon.
Pho’caproolwc’cdom anol Bri‘l’}%@r, Ewerz, GZ&%O\/, O.N.) Sc,(qmiﬂ’;
bw x DIS ar Xiv: 1901. 08524 (2019)

Mamy ‘H’L@%L(S qo ’ZO all with whom [ had

H»e pleasure %0 co Laboyate on these pro()ec%s




b QCD) the Fovne,ran and the odeleromn

Theoretical cleas on the pomeron (CD were ;Echl"
puk «forwarol /@-)/

FE Low, PR D12 (1925 ) 463,

S. Nussinov , PRL 2y (19%) 1286.
They calcw lated +he uchwnge, of +wo 8Zu.0ms
Aetween colour smﬁlef hadrons, 2. g )oroﬁons.
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Stud e Of the pomeron in 6CD peréur‘/@aﬁom ﬂte,m'y 10

WL'H/L Correci' rmasslegs gluons /Kave /@ecome,a'@'-g Cuolustr )’
Sl?a,r‘fing /frem 1he fOLmous worlks
E. A. Kuraev, L.N: Lipatov, V.S, Fadin, Sov. Phys, 1ETP 45 (4932)199
I.T. Balitsky , L.N. Lipatov, Sov.] Nucf.Phys78 (1938) 822,
But there are obvious Pmélems applyc‘ng Perkurzeoafccbn
%lwar/ , PRCD, to sott hadromic processes.

Reter Londshoff and my self asked ourselves P we COulal
undershand  Hhe Soﬁi' pomervn n terme crﬁ Mon perburfoahwed(‘j)
We invesbigated a toy moolel o 2. Phys. C3§ (198F) Yof.
T"L@VL M| ’(Zr'bea[ 'fo QX"I“BVLJ_ %s a.,xpmacfxx ‘i‘o neol QC_D ustwg_
functional feolmncc],ues

O.N.  Anw. Fhys. 209 (4991) g3y




Jn Hcs opproach the pomeron coulol Re written as Hhe
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oo%ereni @(Cka%ﬁ& OF e@bmen%ary Qx@[,xa,nges o'ﬁ g‘ocn Z+l/+é+.-.-

— | elomentory
= Z t: @(chauge a‘ﬁ
n=A /@\SPEV\ 2-"}’1

NO’['G "’eto.il' Jcl«t's S(’,Y‘L‘es 51(361(’&—5 WL'}‘Q gPL‘VL?_ awo{ ‘IL&GL% SPL‘VL 0 ts
mussing . This 1s a Airect comseﬁuence a’ﬁ He vector mature

&‘ﬁ He /6asfc C}W[<‘ gluom caupla‘wé R i AL T

We also J(auwnol o odderon with vector character,

In our preseni’ model we have Cncarpomieol zxac%l/v these
structures ’190” P and O g{w‘ng it a goocf Lasis in &CD.




:]nvesfc‘ga,%z'oms of the pomeron fusdng the methools
oﬁ AalS/CFT carres/:ono(ence also prefer' a tensor
mature o’f the pomeron

Dome kos, Harvey, Mann , PR D B0 (2009) 426615
Tatrak:ss, ?amamur‘ﬁc’/ Shur)/qk , PR Dy [2915>07f005



lot me remark that the ™ pdderon 7Mes£don " nelates to

Yo existence oﬁ {he 'novaer/:uréah\/e odeleron.
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32 Frm HERA +to ’ul%\fa'[)erip%eral Ap colliscons

J 4390/6” there was a »Jorl(sl'u‘)p at DESY :
“PAySL‘CS at HERA' . HERA Q)(J%m'menjcs stacted an 1992.

At +thes WDr'L< shop we suggesf:ee[ %o fook %or H'ze Oelo{er'on
AN Phol’u’ anol e@eo{frolvm duction O’f C=+1 mesons,
e’g‘ 42/ ,2/ ) ()ZC d
A. Schafer, L. Mankiewiez, O.N-, Roc, " Physicsat HERA', 1934

The same <dea was wa ,foru)aro() ,{no(epenolen{’e ) /@/\/

Vi V. Barakhosky, I.J?.'Zh(%ni{:sky, A.N. She Lkovenko,
Lo BLEF (1991) 532
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\\

mesons with Cotl s, g 97 e, 4o
The same reactions as at HERA can be studiesl i CEP in
ul%raperipherag AP collisions at +the LHC.

Results fmm HERA are olfr‘eof‘l/\/ nelovant fmv the LHC.
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We think 4hat a vrather. . pr‘oVnt‘sc‘n3 neaction to Yook

'(O’Y' odderon e(«#ec/‘ls AS 7?2 (12F9) Pl’lol:opr‘OO(uc%fon at HERA
or in CEP in quapefT A p collisions at LHC.
AT‘OWnol 29’(0 j aﬁ'encleo( Q Semz'n_ar 'from A’V!o('/‘é Soﬁugnc‘ng /S

wmwere S l/wu}n :

?)Zou,p uhere /nfce Tesu@fs /For’ 9 ,’311012:0 P(‘OOL(AC%L.O'H

J T P > 53 + p
L oty
A]f’cer the seminar J asked André if he could also o ok

at %fg[«@r‘ Tt~ /c‘n\/am‘anf masses, An ’éhe/-/fz %950%;

Y+ op >fz+)0

7P &CLLO ‘nge "reac%(on

@ aXchange freaoqzion

-—

s 7t T




1#
T/qe're W[[[ /@e x.'ml'erfer'en(,e ,@e{'ween ‘ékese processes afvzo/

as a COMSQ?MQVLC@ 7})7‘ 77:' cl«ar?e O.S)/mme%r‘(:es.

Ckarge as:fmme%m'es RS Q Sc‘g maz /for oo/cier'o'n &Ckange Were

%}rsf descugsed @/
Brodsky , Rathsman, Merino, TRL. B Y41 (1999) 11y
Ivanev, Nikelaev, Ginz éurg , Proc. DiS2001, hep—pk/O'MMX'I

4
)
Andre ’s answer was that fie o turn asked me 3 c;/uesééang:

¢ How /earge ‘s the eFfecf.Z Do 7/ou have a -ﬁheore,h'cag
model allp wimg to make pr'eolc"cb:ans.z

¢ Js lLhere a@ackgmuno{ and how farge Cs it L

& J/S ‘zLﬁere A CDTresFono(inj wevx)c 3enera‘[:or Z




. * 1
I‘f .lg'nsov’ Pomeron anol \/ecfor‘ Oalo[ert‘)'n .

To answer André’s qus{donS we dvew all the O(c'ag'rams
Jor high- energy trtae photo produckion we could
think of. There <s a gre@,f mamber c’ﬁ such o(x'agramg anol
it was clear that we meeded some ef%ec}ive, model tn
order 1o treat Hhem all. At first we tried o use 4o

H»e PO meron 7P Hne :Donno.chief [ownd sfaoﬁ ansot? where
fVLZ Pomerom LS ‘ff‘@oul,ee( as an eFfecfive \/ecfo—r OXGIAB.VLJ&

lekt TIZI’LL‘S /€€0( %0 a2 for~ us — u%SMFMOu%{a@ZQ pm@fems

1sith gauge vartance .
[










Our solution to these Fro@lems was to comstruct an

Qﬁ?ec{;ive, Hft@or/ for %:Zk/ enegy soft reactions where

o oll C=+1 xxcnanges P, fig, Qyg are treated as
z%ecklve, spin L S/’mmejm'c tensor zxchanges,

® ol C=-1 9)‘0["“’”339 O, Wp ?R are treated as
affective vector Mckm«ges,

(Ewerr, Maniatis, O.N., Ann. Phys. 342 (2049131 )
The 'Hteor')/ LS fermula{'ed in terms oﬁ Pmpc«gojor*s Qno(

verkices. The vertices are der{ved from La?'r‘angians
/fm" ‘U’LG C\‘)b{plfl/\gs. Jn —Hu's way /(:V\Clug(\on of]f pho’toms L\.S
Swlmigufvrwaw(, and G dwariance A 3uaramieeo(..

rﬂl@ qzegﬁe fac‘l’or's are Cncor‘oora‘leo[ fn Me ef%c’fﬁve Pmlﬂaga%c)f:f.
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Now we were ec}uc' moeol with a wmoolel allo Wt‘wg us io caZCMZa{'e,

all o(,iagframg f)(f*‘ mt T ,9110&0‘{9:‘00&40{:(;0;1 amel our QXPPJu‘meV\faZ

friends also producee an ewent qenerator Afor (L,
J shall show you resu lts %mf’ |
- 2':0760.[ cross  section G[XP —> TT”I'TI:‘P ) ,

- distri butcon Df the nvariant wmass M et

- ckarge QQ/mme’cr/z/ o{f Tt T A the
dorojcow—cjackeom g/gfem)

- a detaileal study ( prefliminacy) of the

gha[)e (fﬁ the SJ nwsonance .

Bolz, Ewerz, Moniat:'s, O, N. , Sauter, Schg'm"vzg 5
JHEY o1 (2045) 451




o(yp = mta~p) [ub]

Figure 3. The total cross section o (yp — 77~ p) as a function of the center-of-mass energy W.,,.
The cross section is intégrated over 2m,; < My+r— < 1.5GeV and —1 GeV? < t < 0. The full
model and individual contributions from vector meson production, non-resonant processes, and fo
production are shown. The reggeon contributions comprise for and asgr in case of vector meson,
and pr and wg, in case of fy production. High energy data for o (yp — p%p) from H1 [17] and ZEUS
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[16, 18] at HERA as well as fixed target data, referenced in [18], are shown for illustration.
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do(yp — 7w~ p)/dm [ub/GeV]

model /data
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= H1 Preliminary Tensor pomeron model 26

L 0% < 0.1 Gev? JHEP 1501 (2015) 151, improved
L —t < 1.5 GeV? wg = 0.46, ¢p :_3_0'2 .
L 20 < Wop <80 GeV GRgp = U0 Sacy 3
- MY = m, bppp = 6.5 GeV i

2] data (stat@syst)
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Conclusion: We arce lookc'ng —Foruaro( to studwes of
TtT1- CEP in uf%ra/ow}oher’az Ap collisions.
Most fnferesh‘yg s the c}vferf@reuce o-%

¢ production (a P exchange process ) with

/f;\, Proaluo%'fon (QVL @ Q)(changg PTUC€§$>,

o

mamnt fesl:ﬁwé /Liseeﬁ /697/ 7t T CAaF/CfC asymma‘lrfes.




28

5 CEP of mesons

Once we Hhave a model for /@u‘gk—'energy snrfﬁ reactions
19 clearly can. apply it to CEP. Thi wedi @(I’QKS'[\/Q—Z)/

ioge%her with our frc'enois in Krakow, tn pacticuler with
A. S'E‘C?:'L(T'El( and P, Leéfeolowl‘cz—. ?rom H.e mary
reactions which we fave studied T shall O"‘l}’ present

ow some reswlts for sfvuﬁle meson. M and two meson

¢ gb prooluc%ion.
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54 CEP o'ﬁ sCmﬂe wesons M

For TP 1P fu.S('OV\ 8CVCV\§ M fhe meson /mus{' kave IG"‘ O+

But varlous SY)Ew'parhl)/ values are Pos:[@?&, e.9.
JPC - 0 1— O++ 4++) 2++) B

Sinece  we knom the cOu,olmg of P ‘fO'M,Q external protons
we cam use CEP of mesons 1o determcne the PPM cw,olmgs



| \ B 40
Extensive stiedes o’F CEP o*F mesons were done o 1990 - 2000

/@)f ’l:llte WA ?6) WAQ’T) amo[ WA/WZ Calla‘éoroﬁz‘fons. Tﬁ(’_
c.m, energc‘es were s 12,7 - 291 GeV. |

FO’Y" a aeview see A 1'((:f[<, 77[473. Le'l'l: B‘[&? (2000)29.
In these ﬂxpuimevd:s 1lhe c\ompte)ce fina,@ state was delected.

)

%ug) —éetey Coulol measure 'l[,o’}az Cress Sec%t:ovxg/ f amo(

Féy%man )(F ALS{T{’@L&%LOVLS /@u,f aZso suéile ?/ﬁfac‘('s /ngela‘jLQ
OLLS‘{T'{'G’(A{'LOVL AN %lne azcmuﬂxxw@ cw\jle ¢Pf’ /@efu)een 'Hte ou‘l’gomg

)pro’tOVlS irams Verse mo menta

fu T N\Prr

A

FZ,L
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'j. show )/ou results /ror CEP O'F 'fo(qg(?)) ’iZ} (95-2)) fﬁﬂ?m)
In these cases we F{v‘.ol from the generd a,na.ﬁy scs that
two PPM COuplings are possible. In all Hese cases we

,[QM[ that ,for a 8000’. o(escn‘)oéc‘on o'f the ¢FF distrifutions

- coupziwas are mecessary. There are dmportant [mferfereme
Q%ecfs Xe%ween Hte Cowfri@uh\ows d’f ‘H«ese '{:wo Coupl(sz

an eaclh case.
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do/dd  (ub)
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Lebiedowicy ’
O, Sacaurck,

Anrn. ?‘1)/;. %11'_1_
(2014) 304
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3Y

L@,@(@,o{ owic2 y
O.N., S’tczurek)

PRD 98
(2018) 014001

The distribution in azimuthal angle ¢,, between the

outgoing protons for central exclusive production of the f,(1710)
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T thenk that ,fmm théce eXamples we can conclud e He
follo m‘wg %or CEP of sc‘mgle, mesonis at the LHC :

o it would be veey useﬁul o measuce the owfgofmj protons,
& 7’:[«@ C’»'ngle §bPP %L‘V'BS 'Hﬂe éngor'ma,%dom on ‘Hte
1?? M CDVL{.J).(VLJS)
® a /ﬁurH\er’ L‘n{eresl:lmg VQriaG le 45 +the SO*CaU.@o&
“jluz@au’/{iili’ef variable | o[a = ]F;Z_L" ﬁu_l

u‘nol.fséovt{:@ot gf states (42, "Z/, }ﬁ, (1285) -~ ) are
Su)opfv-esgeof /for‘ o('a —> ) , gzue ,éall candidates
[ /]fo (1500), 2 (1950)___ ) are promiment for P = 0.

Close and Wivk, PL B39+ (499%) 333



36

s e e S

PEPd £ PCPe) —— PG+ Bipy+ dlpy + ppa)
At hc'glx aner%c'es JATS expec% s yeaction to Le dominates|
/é)’ the /fusiom process P P —> gzﬁ ¢

P(Pa) P(P4)

P(pPg)

P(Fz)

P Lebledowicz, 0.N,, A»S%czumk, PRD 99 (2619) o9y 03y



What can we expec‘): for the process

Po) + Plo) — Py + papn)
as «FuchcL'ovu o'ff ills C. m. ene,r@/ M¢¢ = W Z
= @egomavxces at Aow M¢>¢ ,e.g,

TP /Sb
/
P
iy 20 e s e

4, (2340) N

p .
P
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= ?egc(}e w%awges ot Lu‘gk M¢/¢ . But here there can
o'nz)/ /@e C = "'1 @(Chawges.

Z
P X

contributions: X | negldgea@le,
¢R : o (M,é;)%(”% o(¢(f)= D1+ 09 %

J

O . < (Mé}by\/@(é)’/ ) 0(0((9)”»4.7

I o 1, toen O @(ckomje will win fm" parge Mg
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A SinZG RCD ouauﬁram Coufn‘@u&c’ng to the
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6 Clonclusioms

¢ J have oL'scuss@c! HShr 4aT8 came, to svitrocdluce. our mode
Wil  tensor pomeron and vector odderon, Jt s an e%ecszve

mooed where some panameters have to be determined from
prwzi/men‘['. fbyu{’ -H'Le,se szame{:e,r's s,'toulo( ’wl.en /@6 aw&‘ca@le
‘Hn‘tvef‘sall/ wfov sof{: &,L'glq —e,nergy veactions., Jhave shown

Yyou some abopl[ca,%iong crﬁ Yhe model +o CEP.
¢ Do we 'r‘eau7/ have to describe the pomeron ’@)’ i
«e’%echve tensor .@(oka'nje ¢ J ‘:Lelwule. %aﬂswef‘ LS ,Y___.
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° A Scaza!“ pemerom  can ke 2xcluded /@)/ compwu“ng such

an amsatr with +he ﬂLe@CchL/ structure of small ]
proton- V'rmton scwHermg as measured /@“)/ e STAR (Coll.
PLBHG (2043) 62; sce Ewerr o of. PL B73 (2016) 382.,
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® A % vector pomeron

In Bf?%zgef‘ el ol. arXiv:1901. 0852Y (2019) we 34‘ve
one ver)/ 8004 reason: a vector POmer‘o'n” Canmot
cowple in the total photo absorption cross section O yp.
On the other Jandd, our fensor pomeron %L‘ves an
oxcelent description.,
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a \\/gLQFO). POMQ(DVI !

we 5915 very mice results alo fhere.
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A Effect '
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