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I TJutcoduction

j‘n ‘Hu's ‘[:aL/( we skau dcscuss ‘Hfue Pome,r‘DYl, mafn?)z {he
Sof{' one, awwhoge Mchamge govemes many hc‘gh—energy reac‘['a'ms’

Examples:
£ PP elastic scai’[’ering

® ncal and vc‘rfuaz (émpi'on
sca,ﬁem‘ng :

% G;ot (afp) aHOI/
structure funci'ions of IS



echusl‘ve reac%[ohs
o )yt p — T+ T~ +p
Ptp — pt+tTtan"+p

Y _—< 1t

Everyﬂoo()f draws such
a([atg'rams but 7%2
in{'er,ore'f‘q{fon 3[\/&4

to them can d“ﬁe"'
wede Z)/




/PTOPQr%“QS of %116 fomef‘On:'

Vacuum ('n’l('ernag 7Man‘tum 'num@em:

Clzarge Q=20

colour charge R =0
tsospin T =0
c,lftar?e comJuga{[oh C =1

E.PEYI SA"“C&““’;? We 4elieve that pomeron (s /@ele
descried as 4o z]@fech\/e w(ckange of a slymmezlrt‘g

nank 9 tensor ogj'ec‘l‘, the fensor powmeron.

M/Qshall show ‘Htai‘ -fﬁ,e STA'R exPerz'meni' on

PP QZCLS"['I‘C SCG.HQFL‘VEJ w.‘H« 9/;)(‘[4 3c'ves O{QCL‘SC‘VQ
| @Uc'ale'nce ‘FW this veew.
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2 He[c'clfv am_]?ZflLu0(€9 an PP elastic sco.ﬂ'erc'rﬁ

Plp, A0 + plp.,£.) — Pps, 53 + plpy,s,)
s; € {+"/z,"4/2-} ') keZc‘cZ%/y cnolices
l(t‘ne ma,{’;,‘c var[a'@Zes .

7S = ()04+)Oz)2 = (,73—1» p,)z
L= (p-ps) = (P=py )™

—
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C.m.COOralc"yla,i'e s)/sfem

J)eft'n;{’t'on o‘ﬁ He 'Aell‘c;“ly g}—az‘es I}V(P»u54>> ) IP[P;_,/S;)> anol
cor'r‘QSFD'yloL(ug :D{rac SPL.VLETS.'
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Consider U, (7) , QA rotation ,6/ 9 around —/ﬁapos?vlive/axfs.
We oefine fhe hp,lic,‘{—)/ states [P(ps, 570 , | PPy, <o) {)’

Jplpsi52)0 = W(H)[plp, 33>,

lplpvsay = U () [plps, s
This f:‘xes all phases of the states.

Notation : % ,,.
PCP2s %), p (P 40| T [ plpy, 40, plps, 523

—

= <’Z$3l ZSLIJTIZS"/ Z/§2_>



S/'m'me%rt’es Of %he ')’eac‘h‘om.‘

U, () rotation «@/ T around e Poshlivz Py ax:s
U((Py p ar‘H')/ 'l“rn'nsforma.h'oh

uz () uz (=) 4 (TB ‘Ltt‘m,e, (reversa/( (an‘fc'unil‘ar/)

followed %y rotation /@/ -4 around pos, Y axts

{ollowee( «gy votation by T aroundl pes, 2 axts
EXaMIolZ—'

=3 Z_ 3
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fc-ve [~v«alep0nole'n{: amPlt-éuo(es ; <Zs3)23(l | T | 254 J252>

hel:'ci’cy:

¢4/51%) = {+ + !T/++> Town /LF

b (s) = HA T - doufle {&p

¢3 (S'%) = ("" - | T /"'") nov ?lz‘p

D, (s,£) = <+—- 1T =47 dowble Pl

¢5- (5,-1:) = <+ + T ]+ "> s{ngle flc',o

O\;‘o{' (P:P) = "““”/’I’—’_":: Im <254; 257,/ T ]25"/ 252_>
1=0

L/\g//sf L/m;) 5, £z

_ 1
2/[5—/«5—' L/m;)

7 Jm [% (5,0) + ¢3 //5)0)]
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9 7éusmr", Vec%or’) or scalar pOme'ro'n.

These are the fhree h/poﬂ/teses e want to ‘est.

Wo, choose our ansafze for He eﬂfech’ve Tf)fro,oagavforx
and ?,9,9 couplc‘mg: such that at hc‘gk energics e
non-— {h}o am,oli%ua(es ?,, and ¢3 are the same for
all three cases. JThis 8a‘ves the same Ot (ppop)

The Donnachie - Lamalshoff (DL) model 4reafs ie pomeron

eLs effech‘ve vector QXCI'La'nge and gives o phemo menologrhazﬂv
Success ful fit to Gy, (p.p) and do/dt .

Our ansatze ore chosen such that ¢,, and ¢3 are

as n the DL model,




Tensor pomeron

Hece we describe the pomeron /@/ a 5)wnme,£m‘c,%mce2ess,

fensor Mo( Of nank 2
‘IP'I'/W()<> - PTVﬂ(X> y 7PT}W(X> gl*v = 0
P P p Cc)upzmg :

L2 (3 = Jrpe (O B xy

. e ) A\
JT/W(X) = "3/31?~N§‘Fr(")[2f/*9”+?f“’9/‘ z?/*v)/aA;]%(x)
Pomn = 3% 18} GV

\//F (%) P?’OiOV\ /]&e/@ol ope rator



(B pp) A / \
T g = 3P BLG-PY L B (PePYy + (re>)
4 3 (PP |

F(4) : ]garm ,facﬁof‘/ F (o) = 1.



ﬁr Prolpaga'l"or‘:
2
ANVAAN T,S
PVoe— ¥
fn
. ([PT) 4 4 . O(F/f)"1
£ /m/)ae’,\ éilf) N "L‘l’/;(?/ueavk+gﬂ)?vx’Zj,uvg«xg/%/.soc;)>

Kolt) = 4 + Ep + O()Pf Linear pomeron 'fra()‘ec%or)/

gﬂ) = 0«0808

)

Xy = 0.25 GeV™*



Vector pomerom (DL pomer@n)
Hece fhe pomeron is described ,é/ a vector fw(’b( 7;/‘ x) .

L, 0 = Tyt Blx

y‘//‘(x) - ¢3/;7PNN Mo %(X) ]/‘V/I’ (%), My=1 GeV
4
P (fvl’P}
V= —i3 ‘ 2
= = PF ﬂ?NNMoE[(p/-—p):{yﬁ
K m v oG, (¢)—1
-/\/\/V\/\/\/VVT@ («475)‘ ""‘?/&v( ’”‘f?) g
S



SCQZCU" ﬁpomero'n

Here  the pomeron 's descriBed [9), a scalar ,fc'dc»( E ).
Le(x) = Tst0 Bix)d

HS(M = - Bﬁ?rm M, ’gjf (<) r\}VP (x)




(aZcuza%l'on oﬁ ’Ha,e Qmp?é%uales ¢g.(,gl—t>:

reduce el Am o Zm{ udes :

A

Cﬁ:}'("wf} = gbg'[s'ﬁ)/a})&/f) gl

?[’2/%) = 4 [3ﬂIPNN5[f)]Z”L(*’Z/SD<1)P >0/,P/%)’1

/S5



pOmeron ansa—éz-

vector

tensor scalar
554/6/75) 8s™ Sa* 84>
B> | 10wt | sbm Latt I
‘ﬁﬂ5ﬁ) P 84" 8 s>
gﬁ, (5, 1) =40 mg £ ~ 46mg 2 ~,Z<saft/mpz‘
Botst) | ~8am E | ~Bema A | —HatE

gD /m;




1 Com{:ar[sam with exlserifm_emf

total cross sectiom:
O ior (Prp) = '215 Tm [ Bil5,0) + &, (5,0) ]

B ~ T /&

“Z(3ﬂﬁ>w> CDS/TZI“ZP (4“?) d
Sl A the slandacod neswlt crfi He DL moelel :
@f}ot rises aith a small power 27},:0,0202) aﬁ s

B)' Co*nS'f'Y'uc‘f[on we have H«e samké (resul'l‘ «fm’" our

tensor, vector , and scalar pemeron,



,PTO/gZQ‘W\S WE‘[’LL Hte \/ec‘l’ﬁr’ POM@f‘On:

E(F"lf") F/P-?'/’s.?) P[Fhsoi) ID[P3I 43)
R -
( 2 5-23 .
g PPy, 5y ) PHe, 52 PPy, %y

The minus stgn for Pp versus PP has fhe same ortgia
as for €Te” versus e- o~ scallering He one - Phofon
.QXchamgo. app roxi mation. leclor eschange has = -1,
Jt follows )

P
Ot (p.p)Y = — —Ioé(FlP)@

Jn owr oFin[oyu a Vecter pomeron PV s mot a viable olo‘éion.




We areée Ze{l{‘ Ni‘H\, 7PT a'nel @ 30fk COrresth'no[ ‘IEO
cha{‘ge coniuga.%fon C =+1 exchanges:

<P, p | T 15, p)" = <pp)T ppdT

<?’PITJI3)P>@ = <P;p](r]p,lo>(@

R@’M@Mgex’ 3r’avif/J aZgg Q ’éemsor’ @(C}Lawge) wht‘ch g:'ves
HLC Same a‘lf’fracfc‘on %OT’ }73— F a%d F P

To decide  ARetween TPT and 7{75 we turn fo e
ST AR experimewf (?L B M9 (2043 62 ) vhich
mea suresd e s'c'ngle spun as)/mmehy Ay “n

polarriseol pp elastic Scaleer[ng ot Y=z = 200 GeV.



The Mfardmenf ts dome ot very small [t]

0.003 < [£] £ 0035 GeV™,
that is, in the (oulomb - nuclear interference regeon,
Thes allows to extract neal amd t‘magb'naf/ ;Parf of
the single - flip amplitude D (5,4, Buoted s

4 My ¢5 (5,1t )

4 /5/i> =
? VE I [ 0520 + B, (58]




We gef fmr fae fensor peomereon
W (o) = = 2E [+ tan (T fapt-1)

@ -5
& (4,0)[42 (200 GeV)* ('0‘28 —4Z ZD>X 10

ano/ fav- -}Kiz sca?,a'r' pamer‘OYl

/L?(/s)yl:s = ~% 4,+zfan{"/ &) -1) )J

F.
A ,.s,o)} _ _ 1 0.5060
5( o= (200Gev )’ 0.06% ~ < O.
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----- Stat.+Syst. Error
scalar pomeron
e tensor pomeron

_ -
N Nk
> hJ
l-\-s-\-i
~ .

Exf)erimenjb'i STAR

Thea 'r‘)/ ’

0.05F

Imr,
(o)

-0.05

| —— Stat. Error
Stat.+Syst. Er
e tensor pomeroj

1 I 1 1 I 1 1 T

4
,

Re I,

Ewerz, Lebiedowicr, ON, Srcayrek



5 (onclusions and hisatoricho.ZH{femarkS for art T

Trom our +three ansdfze far the pomeron, tensor, Vecf‘ar',

oY ScaZa'r; omly e fensorfomeren 45 Compai'b'gze with

#L?/ 8€n6r‘az 'ruZe; af G? = T ana( %&e STAR @C/:verc'mudaz
result.

ﬁt'sfar/y: aﬂ‘emP{:s to nelote #fe pomeromn to tencors
were ae'r‘ecw()/ made sn e 1960 and 1970
Frewund , PL 2 (1962) 136, NC A5 (1971) 9
(arlitz et af. PRL 26 A97#4) 4515
But dlese aflempts were abandoned wiff e advent Of &ep



The pomeron as a gluouc‘c o@'ec?f i QCD perfurﬁqﬁon Kear/:
Low, PR D42 (19%5) 163
Nussinov — PRL 3y (1975) 1286

Kuraev, L(;Fa‘lm/, Fadin 24, Elfsp, Teor. By, 77 [4??}) 377
Ba&zls[()/} L?pa‘l’ov , Yad, Fiz, 28 (1978) 159 %

J

Pheno meno logz'ca.l vector pPomeron:

Donnachie, Landshoff , NP B 231 (198Y) 489 , B267 (1986) 61

Pomeron w goff reactions and mn_perfurgaﬁ‘ve RCD:

La%o(shoff/ o, 2. Wuyg, C35 (1987) Y05 : obelian 'l'a)f model
0. N.  Ann. T%/S, 209 (’l??’/) Y36 : {umcf[onae L'nfegrag

dechw x'7u es




In the Jlatter Faper we coulel show <hat -feu_pomeron

could be uno(ersfooo( as the coherent sum O)C ezemen%ary
eXclaanges oF SP‘.VL 2 +Y +6+....

The same O.FPZI:QS 40 our tewsor pomeron (Ewer& etal. (2917)))
thus giva‘ng (t gooo( 5¢ok2ng in RCJ.



To see this expl?cfﬂey we write the tensor- pomeron

prOPagafor/ in terms o'],p the varcakle
v:j—(pwfp tp) = A (seu) & d
T 3, P2t Py g (s—u) =55 for small ],

NP o /
L v, R (v,t) = -4 (j,uxjw\ T 9uar Jrae =5 ?,Wgae)>
737 OC;P [" L/vzocj;)il‘/%ﬂf)—l)'
Thes is the form Jow the PB- Fro,:aga%or comes oul when
Consfdem'ng a'naz)/ %z‘cl%/ and cross c‘mg nelations /ﬁOV‘ the

FP —> )9)/,) Qm/ozpz'uale. uSE’VLﬁ 'H'H.S and FD‘V‘ S P If[/m:

ﬂ% (P3) 2(/‘ U, (/94) = (3031‘}?47#3;344 ) Es.,(]”y)/ﬂ“s,_%);(Pﬁ/)?—)ﬁ?gs,_
We 9@% the followm(?: )



P
(P(PS/JQ,), P(Py,d‘q)l T [,9(‘94'/5,{)) P(lesz)>lT _
7 /
£(t) F(’IJ ’Z{D(f[-[»)) [yvz“fyz ) > (dp(t)-2)
(‘93 *]94)/‘4 (}73+)94)/‘2 //99+/93)/*4 (P“LF")/*Z §$3$, A;ysz )

s 2 7/ o T ~
/ﬁ/%) = [3/3@,\,” 5/{‘)] ffz-ff) e‘—‘t 2 [O(IPH)"‘Z)FJ/%— '2'!-0/?/{)) ‘

NOW we use an /c&nl'eg Taz 'Tep 'reszn'{:aﬁ‘on far %Q 'Yegge ferm:

A 2
12, p[‘f)‘z) ~4 el
(LIO(-IFZV ) 2 - F ﬂ”’zl'“lf({))ofa& T ZD‘F[’-{')Q,VP["' ‘/0<”)>2yzzj
[

i )2 m-T
= -4y %p(t) 1 [%p, n-2
- 190 f""”’ 2 i (T Gopapend

h=4



tude.
) % or ‘é/'le amplz
Uwserfﬁwg this we 7° f

NG
T | 2)42)
CPPsiss plrasa | T Lptusi, plp

&4 / &

O(/Z n-4
e Jol(r T2 % ) Fzr /"T/ff)
m=1

(f.?»'f4) ~“"'[f3+F4) z (f‘/’/ / )

P{P3,53)
&0 Uy,
" elemeniar)/
spin 2 eXckavge

/d\

| P(Fz,sz) P (PusSy)
P(PZ‘IS") P(F"ls‘i)




Thus, we have indeed writfen the tenser — pomeron Mckange

as <oherent sum o,f elemeni’ar/ Spin 2+ Y+6+...

,,exckovnges, Note that Sp i O ,QXcLzAnge/ Cs mc‘ssc‘ng.

Hé)vd ’LLO wrl{:e a 1&83& ,exc[tange as a coheremlf sSum 0/9

,elemen%af)/ Mchamges was f?rgt showm é/
. van Hove , PL 29B[49¢%) 183.



S,aectfc'c tests fw He sFin shructure a’f‘Hﬂ-ﬁ |Pemeron have Keen
P.ro,goseol (v
Arens, Diehl, Landsholl, ON. 2. fhys. c2v (1992)651 for
Ji#rcxc_h‘ve deep tnelashc Lepton - nucleon sca'ﬁ"en‘n} ;

Close, Schuler | PL BYsH (1999) 127 , BY6Y(1999) 229
for ceni‘raz exclusive meson pr‘OaLuchlon:

P+t P —> p + meon + p.

CZ«OSQ anol Schul@r' cZaEm ‘{,0 {L‘nal e/bio(ence ‘ILgLa,'IL 7L£2.

PO meron %rans forms as A MOVL"COVLSQYV&@( V@Cfof'

curnzn‘[’. As we ﬁave_ seen we cannof suplaarf S'u,cla.

Qa ,m'cfwre. Wha’f 's the epoancu,lion o;f thi's olc':crepanC)I.Z



For central exclusive meson Produc%ion with douBle pomeron
,oxc]/xamge, we have

with e tewsor pomeron with a vector pomeron

(Close, Sehudor)

Here we ft'nol mo drastic oll‘fﬁfmnces betwern
P and F, (Leéieo(awzz;/ O.N., Szczurek, Ann, 7%/‘/5-(20{7))-

_(Bu‘li c{‘r‘aséz'c al[fferences ‘Zur‘n uF ("F ‘. %he fmo‘o(o(ze

we have,e.g., gamma- pomeron fusion.



Example: Y P — ot + 7~

te'nsor Pameron veoiar‘ lponaeron
J —&— Tt
- é-N-lT_
ﬁ>\/
THT~ v anti S)'mmz}n'c TYT~ (n s)/mmezln‘c
S‘l:ai'e_ S‘éa_‘l'.'c

T2 aiies @ ,)Qur{her clear eoideunce agains‘[’ a

\/ecfor' mfure of the pomeron.



quo,gfigafh'oms of the pomeron wus c‘ng the methools
ofl /}alg/ CFT corres[:oom,o(ence also pre)ﬁer' a tensor
mature o’f the pomeron

Dome 1/<DS) Harve\/, Mann | PR D 80 (zoa?) 126015
Tatrakss, Ramamurt?, Shur)/qk) PR Dy (2016045005



Here As o Fm-fco,f Jest Vf Safé reaa%ionsl which were
A;Vlfvesl'fga,‘keat ’!/st'n(j 'Z’[\,Q, ‘Agngar‘— /ODmer‘arL cencep't.

- Jt p — ”T++’ﬂ'“+}o allows also search ﬂrr-lﬁa

Oa(a[ ET0N...

- Ptp — pt M+ p  central FTOoLuoHonc'ﬁ mesons,
M= v,/ fo(180), fo (15%0),
fo (1500).
-prp — P* THT+p  central production of THT”
non- resonant, from 0%, scalar anel

tensor aesomamnces.

- prp —> P + 8" + M+t Cenfral/prao[uc‘}:l:on OF 90
with o[ZF{Zrache excitation aff one Pro%on.



ALl these studies cowld amly be )Oumisl’lea( Adue Lo
the excellent work aﬁ

A. Bol%,

C. Ewerz,

P. LeAieds W[C?)
M. Maniatis,
M. Saw%éf;

A. Sclfulﬁlnf‘”g )

A. Czcrurek

M)/ thanks go to them.



Fart 1L From Hhe soft to the lecarfo{ pomeron

6 Introductory remarks

~ —-—’,_':t<—7.,‘(w

WQ, )ﬂbpe IIO kave Conm\mceol )’OM, ‘H’la‘é 7Lhe 'éenSOr_IQOMQroyL

CDVLCQPt makes cense /fer ,ﬂufgh- energy C@ﬁ reactions.
At least we have a reasonadle mooled where tHe pomeren

Sa{'is'ﬁc'es all standard relations 0‘? QFT

, tn parf[cubr;

it has auto mah'ca,ZZ/ C =+1. The Pomerown ‘—O“Pu"‘g-f

are. descri @891 /@)' eFfecHVe Lagrang[ans, ThL'S /make_s 'n‘ﬁe
inclusion o’f phojcam cou/ozmgs eas/ via % -mém'ma,p sufsﬁ{ ui&on,
What can e Sa)f An 7L€te

'Z:ens‘t)r"- Pom@r’&n afypr‘oac[a
\,JlfLen ?ofng }Orom foﬁ' fo ha/r-o/ reac‘iions.z




We Zn\/eséc‘ga‘te s {oﬂr DS
el(ky + plpy —= e(kY+ X(p)

e(k)

e(k]%
¥9)

= }X(p’)

pp)

la'me maft‘c variadles:

S=GrkY, gm koK, @ =gt
yR 2 va
W* - pPr=(pr9), v = pg/m = W &~
Zw:)p
R* 2
X:vav Z&z z ) - Iz
P W+G2"'Yﬂp ./k



We. )ﬁollw (n OWT work :Don'nacht'e ¥ Lamots\ﬂa%)

PL B Y373 (1998) Y08, and assume that there are two
pom@roms)/@uf Oﬁ tensor ‘li‘y_Pe.‘

hard pemeromn

o

SO,f‘IZ pomerom T,

Our aim is 2o a[€\/82@}o a model olescrz,“@o'ng . one

fmme Work
® the hacd regime of dow x DIS , thatis, HERA
date  for X € 0.01 , Q%< 50GeVZ

@ ‘Hae Saﬁf regtme ) Qz ,é ’/ Ge\/z) AN Fari’&:ulaxr
Pho‘to PrOolucffan./ QA= O .

D, inf%gef‘, C.Ewerz, S. Glazov, 0.N,; S, Schmilt, werk in preparation



7 The fwo—fznsor'-_pomeron model

The reoction we sfuo()/ as theorists (s fcarwarol

neal and wvirtwal COW\P’{:(QVL sc(,z,ﬁ'em'ng
a*(f)[?) Toplpr) /7 a’,i*)@) + plp )
M e § -

*x
¢
Z 2) a/;f(z)

8%

P(P/A) P(F; A7)



Hadronic femsor of DIS ¢
/‘l\/
W (P'Z” - Z A> 2 [m,\,\ {F/j) Ay(pgﬂj

N A
Fr'O'm U«fs e 39,1',‘ ch /‘K,e usuaf wa/ *fﬁ,e, Cross Sec'zwns
-TVof cv@st)rp%don a'f ‘Llramsver'se, awn ol /&%8E£uo(lc‘naz
virtual pko%oms on  the pr&i:on

O (wz) Q%) ) 1 (WZ) CQZ)‘
Jhe Fko%oa«gsor,ﬂ:c‘on aross Secffma 7061" /lealphol‘onyt’s
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Figure 83: The structure function £, as extracted from the measured reduced cross sections for
four values of O? together with the predictions of HERAPDF2.0 NLO. The bands represent the
total uncertainty on the predictions.
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