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1 Jwtroduction

In thes talk we shall discuss the pomeron, mac'n?); the
Soff‘ Ong, fwhoge ,@(Cl’LaVlge govemes 'man/v Ifu‘gk—energy ﬁac’b‘an_g.

Examples :
3 IO P elastic sca'}fert:ng

® 1ne¢al and vc‘rfuaz @mpfon

Scaﬂmt‘ng,
7 Ot (gp) and ¥

Str‘uc:'l’ ure func'b:ons of )IS



exclusive yeactions
® Yyt p —> 7+ + T +p
pt p — Pt T+~ +p

Y e =G T

E—very foo(/ draws such S
dc’ag'r‘ams but the

n {'erpre'i‘qft'an gr'ven

to them can Jc‘ﬁer"
wide 2)/




?roper‘t[c‘es of 'H«e /pomer‘on:'

Vacuum f‘n'{'ernag 7Man‘fum num@ers:

ckarge Q=0

colour clmarje K =0
tsospin T = 0
o[«arge corv'uga{cbn C = 1

ipin struct ure We Adelieve {that -Hx pomeron s Mest
descriBed as He e.fifech\fe w(change o*ﬁ a Slymme{-rfg

ZZ@'YIL{ ,2, '£€VLSO}*“ Ogjéc'[_, 'ﬂte fengor FOm@f‘OE.
We shall show that e STAR .exPert'men‘l' on
pp elastre sca.ﬁe,m‘yg with g/g,‘n 3t‘ves deciscve
evidence 'FW this  view. '
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2 Helicity amplitudes i pp elasti scatlering

pPlpi, 4 + plp.,52) —> PPs. %) + plpy,s,)
GJ. = {+'I/z[—4/&} .) hezc‘ci‘f/ c‘nolt‘ces

kine matic variadles:
A= ptp) = (ps+ py)°
L= (pmp2)” = (Po=py )™
= (e opy) = (po—ps)°
There are 2% = 46 helicity amplitudes.

Genecal anal)/s-[s of the reaction:
Goldfergec et al., PR 420 (1960) 2250
Bultimore ok al., PR D& (19728691, PR D5 (1999) 114010



com.(pordinate s)/sfem

Def[nf{'{on oﬁ e 'ﬂlell‘f‘-hl)r S}Qi’es IP(P4;54)>, [P(Pz,/sz_)> anol

cor‘rQSFamaL(ng :Dirac SFI.HBTS .
(3) (1) ) (4
'7(45 X"/z. B ?(“4/2_ B o
o SRR
U,. ) =< m . ) )
5, (PJ) PJ P fpﬂ X?} © ) .
Pj + Wlf) 3 X.._'f/z_ - X‘VZ = 4 )



Cons<oler Z(z (/9) 5i R rotation '@/ B T — 1%/905:‘1[:\/2)/0()(:':.
We aleﬁt'ne fhe heZc'c{{')/ states lpps, s:v> 5 1pCpy, <S¢ ,5/

Iplpsis2)) = U () [plp 530>,

lplpif0) > = UMDY [plp, ).
This f:’xes all phases of the states.

Notation : -
< P (PB-/ AT P (P‘l} £y )r] IP(P4,/SA), P(PZJ Sz )>

—

= sy, 25, T |25, 2.



Symmelries of the reaction.

U, (7) rotation /@/ T around e Pos#{ve Py axis
U (P) ,oari%)/ %rausformah'oh

uj (1) uz (-2 ) V (TB ’ft}ne, rre\/erswe (an'fc'un'i/'ar/v)

followed %y aotation /@/ -~ A around pos, Y axts

Llowed 5 tats by T
Examrle: ¥o 7 Yotaiion [} arOu.nat pos, Z axl\s
=z, 3 >3




U, (T )

Usy (- VIT)
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fc've [ua[epemolevnf amPl{éuofes:

helt'cf%y:

D, (s,4) = {++ [T J++> now fli

gz‘ (5:%) = SHH|T -2 doufle ?eCP

By (k) = L+=1T [+ mon Jlip

b, (s t) = K+— 1T =47 dokle

¢5 (s:%) - A | T | > Sc‘ngle flt',a

ot (popy = —e 5 Im<25,25,] T | 25,25
=0

[7(\/’-_‘;(’5"‘"/1’%}02) 44},52

] zg(g——({mz ' j’m[@ o, B ) A= ¢3/’5)‘9)]



i

3 Tensor, Vecfor‘, or” sca.Za.f‘ pemeron .

These are the Fhaee h/[)oH/leses we want to fest.

Wo choose our ansafze {ov He eff”ecizve /Pfro)oaga%ors
and /f)p,o couplmgs such that at h:gk energies he
non- fhr, amr;l;%ua(es ¢,, ard ¢ are the same for
all three cases. Jhes gtves the same O ¢ (pap) .

The Jonnachie - Landshoff (DL) model +4reats ibe pomeron

as effective vector e¢change and gives o phenomenologically
success #uz fit to Ctot (P p) and o/O“/a./{‘.

Our ansafze are chosen such that ¢,, and ¢3 a

as n ‘H’Ie -:DL 'modez.




Té‘?l sor PD meron

Hece we describe the pomeron /6)/ a 5)fwme,£n‘c.,%mceZess)

lensor Mo[ of nank 2
P/7(x) = P70 } P

r () Jrr ” 0
(ijf CompZing:
ZJ:_ (xy = JT./W (%) ?T/W(x)}
JT/&\»(X) = "3/ZWN2‘:%(;<)[X%3},+%% z?ﬂvyazj&/?(x)
Shene = 3x 187 GV

’\ibp (x) Pr'oion ,7&0,@0[ oloerafov’



)

(% pp)
L R = 3w LG I L Yy ()

Fr(4) i form factor , F(p) = 1.



fr Pro‘paga'i‘or- :

o, (4)-1

. AP 1 i o IN\P

yi /ij,ae;\(@f) = ’q'g(?/ue?vk'*‘?ﬂ)gvx ngv3x>j(4,socﬂ,>
0()?[{) = 4+ 21? T ‘Xipf finear Fomeron fraz)‘ec'tor‘/
Z{P = &0808 ;

“,;, = 0.25 GeV ™ *



Vector pomeron (DL pomeron)
]{zre #w, PO meron s olescrc‘geaf ,6/ a vecior fw&v{ 7;/1[;0 ]

af\/, (x) = zv/(’ﬂ F (=) |

Jup = = 3foun Mo Vo0 Y P (5, M= 1 GoV
4
P fmp}
y=—i33, M [ p\2
“ = PP Ponn DE[()O p):{)’ﬁ

| N 4) = ( P o6, (t)—1
"V\/\/\/\N\’Tfs A /uv("‘(l M ?}‘V ﬁ’)




Scalar pomerom

Here the pomeron is descrided )6/\/ a scalar ?c’do( E&x.
Le(x) = T Pix)

Js = = 3Beu M, @"F/x)% ()

/

g b,
. (& pp) :
r\ “ F (P})P) = #’LB/ZJONNMO E [(PI“P)L]
p P

() P

A o0, (t) -1
, == - / P
/v\/:vv\/oT,s AN (51) Zm;MZ(LAM?)

(o)



CaZcuZa'Z’[on oﬁ the Qmﬂi%uo(es ¢3-(4,%)

Plp, <0 ~Ppa53)
B or K
>
]7(;07_,/52) P{F(“zsy)

reduced amp Lit woles :

FN

P; (4,4) = D; (58) | TFls,t)

Flat) = 2 [3ppu ()] L



PO‘VVLQT‘OYL anSa-&z.

vector

tensor
@(fs;f) Es™ §s* 84
é\z (s8) | 10m> 1 16 my £ 2821 /w,f‘
‘ﬁﬂﬁi) £.5” 84* 8 £*
é\q (5, 2) | —40 mg £ ~ 46w} 2 285K /m?
Botst) | ~Bam T | ~Bemf T |~

£ > /m;

J

[£]




) ComEart‘som with exlserf'me'nf

total cross sectiom:
1
ﬁ-‘fof(p’P) = —_Z_; jm[(ﬁ,[/j,f)) + @[’510)]

=2 (3/’>1,>NN )2 COS/'g:g:P) (4“%)259
This 4s the slandacd neswlt of,E He DL meele! :

thoi‘ TL‘S€S @ZML a.smal[ Fowe,r* g?:aogog) "ﬁ .

J
.@)f construction we have the same aesult fo-r our

tensor, vector , and scalar pemeron,



Prolloms with the vector pomeron:

P (Pusi) PPs,55) Ppus:) PLPs, 43 )

Ty =
(P, 5, '
PiPzi52) PCPy, %) P, 52) PPy 4y )

The minus sfgn 'for‘ F}O Ver sns PP hG.S'fﬁe Same origin

as oY 8+ e~ vers nws ¢£— & SCQﬁQT‘L‘M—g (n ‘{'ﬁ_@ one. — PhDi'OVl
.QXdaamga app roxi mation. Vector eschange has = -1,

Jt follows

~- Rk
Ot (P PYY = = -IDE(PIID)T@

jfn owr o,afn[om a Véc‘tdr' Foyneron PV (S :nof’a. w‘agle o,o{'c'on.




We are Zeflf WE’Hﬂ- 7P—,—- and @ Both co:rrespona[ to
cka{‘ge coniuga%fon C =+1 Qxchangesz

CPoplTIEpYT = <pp)Tlppd

SEPITIRpY% = <pipiTlpp)®

R@fmem@er 31"&\/5{‘/) alsco a ’femsvr’ @(ckawg% which 3"‘/35
lhe same atfraction /For F{'P and PP

To decide  Between ?T and 7@ we turn fo He
STAR experimeu.f' (/PL BH9 (2013 62 ) which
mea suresl e s[ngle spun a.s‘/vmme’ny Ay in

Polafrc‘seol F ’3 eZas‘h‘C Sca,ffer[ng af ‘,/—/? = 200 GeV.



The @(perdmen'f X-‘S‘ done a,ll, very small Iﬁl)

0,003 < [t] < 0035 GeV™,
that (s, in the (owlomh - nuclear L‘n%er#rence ngon.
This allows to extract neal amdl thagb‘naf/ [,Darf of
Hee Sc'ngza" %ZLP awﬂ.i{ua(e ¢5- (s,4). Buoted s

4y ¢5/’51f)
V- Im [ s2) + P(st) ]

)7’5‘(517t) =



h/e gef fOT‘ 'i&f— f@ﬁ-%OY" FOM@!'OYL
P ’:; [,g + an -72-’"/«?({)—-4))]
27 (s, 0)]

e (5,t) = —
_5
and for Hhe scalar pomeron

;z,ff(/s);t) = —-—% ¢+7ﬁan('i( #)-1) )]

ﬂ?(/‘sl())} 2 = — 0.06Y ~-4i 0.500

5= (200 GeV)



Stat.+Syst. Error
scalar pomeron
tensor pomeron

Exf)erimenf S AR
Theﬂ'r‘y ¥

0.05

Imr,
e

-0.05

| —— Stat. Error ;
IEEEEE Stat.+Syst. Ermor !

1 I i I I I 1 1

e tensor pomero

Ewerz, Lebiedowic O.N, Srceurek




5 lonclusions and hz‘_sbricaz remarks

From our three ansdfze far fhe pomeron, tenser, vector,

or SC&Z&’r} Omly 1%. '[:ensor' pomeroen 1S Compai’&'gze, wh’ﬁ

Yoo 8enera1 rules af RFEFT andthe STAR @cloarc‘nmcufaz
resuft.

ﬂc’sfor)i: attempts to e late e pomeron to tensors
were a€¢ea47 made sn e 1960c and 4970s
Frewnd , PL 2 (1962) 136, NC AS (1971) 9
(arlitz et af.  PRL 26 A49#1) 1515
.Buf 'ffxcse affempfs were a.game[o'ueo[ 'zo:'fﬁ '/'feaa[!/Eni' OF_@



The pomeron as a 3Zuc>u[c o@'eczf An GZCD Per‘fur.@a‘bbn %ar/:
Low, PR D42 (19%75) 4163
Nussenov — PRL 3y (1975) 12%6

Kuraev, Lipatov, Fadin  Zh. Eksp, Teor. Fi2, 22 (1977) 327
Balitsky, Lipatov , Yad Fiz, 28 (1978) 1597

!

Phewn o meno log cal vectoy pomeron:

Donnachie , Landshoff , NP B 231 (198y) 489 | B267 (1986) 63

Pomeron .wm soff reactions and mnperfurga,f;‘ve RCD:

Lands hoff, o, 2. @&)/5 C3a5 (198%) yo5 . obelian 'f‘O)x mbdel
0. N. Ann. W/S, 209 (1991 ) 436 : fumcffona@ c'nfegrae

Zech m'7ues




dn ’réhe .ﬁa'}ier Faper we CDuZe( SI’lDbJ 'Hna{f -/'eu_Pome,ron

could Abe fu.no[ers%ooo( as the Caheﬂm‘[‘ Sum of emen%a,ry
e)(olaanges oF SFCVL 2 +Y4Y +6+....

The some o.FPZEes 0 our -fensor Pomeron (Ewerz- etal. (2917)))
thus gfw'ng it 3000[ ga,o[ec"ng in RCJ.



S[aeci‘ffc tests fo‘/‘ e slofu s}'ru.c'/'ure, of{’h’, pomeron have Been
PTOPOS'?'O! (v

Arens, Diehl, Lanozsho}%?, N, 2 ffa:ys. C#Y (’199?) 651 Jfor
oli#fro«.c_%»‘ve deep tnelache &pt"on-—nu,oleon_ sm‘ﬁérﬁnj_ 5

Close, Schuler, PL BYSS (1999) 122 | BYY (1999) 239

for‘ cenfraz wchuS(:ve meson ProaLLLc{‘ion:
p+ p — p + meson + p,.

CZ«OSQ a.'nol Schul@r‘ cZaEm ‘{,O ffncl Q/f)io{e,nce J’ﬁa.% 7L£-2_

PO meron ‘{:faYLS fDY"m.S' as a fVlOV'L—COVLSQT\/ee( V@C'[—Dl"

current. As we Jove seen we cannel suplom-f cuch

a pc'c%wre. Whot is the exPZana.fion af thi's olf:cre)oanc/v.z



For central exclusive meson Pfroduc%ian with double pomeron
ﬁxcha'nge we have

Wifh -{'ﬂe ‘Z’GMS‘OY’ Fom.er‘au ’LJEHL aveci’or IOOMGI'OVL

(Close, Schulor)

Here e ft'nol mo drastic ol.‘ffmuces beltwern
P—,— ano[. P\/ (Leéfeo[bw(‘c/ O.N./, gz’tCZLcre[(/ fdmn. 7)[‘»/‘/5'(20{?))-

But drastic d[fferences turn up "'F on the aeddle

we /&ave)e.g./ ga'mmaf pomeron fusion-



Exam.,)le: y + P — 7t F T

te'nsor Pameron vec,far' /30 meroén
J
T
— -
TP\/
THr~ v anti symmzh't‘c TFT™ n S/mmezlv‘fc
S'Loi'e S'éa.‘i'c

This gives o further dear coidence ogaist o

v’ector' mﬁure of the Pomer’on.



Juv‘o_sfiga/h'oms of the pomeron ws c‘uj the methools
o«[l AJS/ CFT carrespono(ence_ also pre[ge,r— a tensor
mature o’f the pomeron :

Domekss, Harvey, Mann , PR D 80 (2009) 126645
Tatraks, anmaMur{lc‘) Shuf“/qk , PR Dy [Zaié)O‘KMf



5um'mary
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For the reactions cnvest iga:fea{ 50 far e tensor

FOme'ron model works well.

Jhe densor pomeron 3@*5 ,gackt'né /from RCD ane
AdS | CET studlies.

Jt will e an’:eresvfing to cee /Ef the Zensor pomeron

Co'ytcepi' A4S use#u’l als® when go:fng —f-rom Soﬁt‘
Llo hard rLeach:c'on.s) €. 9+, .DIS, 2xclusive J/lf/ proa/ucfc'on,...

Thank you Ft)f your altention
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