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What is Pomeron, guys?

 Itis alight meson-like object

— but we know that the lightest mesons are not Pomeron

* Most likely: it is a “dressed” gluon
— Lowest colourless gluonic object: 2-gluon state

— Strongly interacting —» becoming a gluon ladder From CERN courier
l.e. not 100% gluonic object

« Questions:
— Is it a particle, or just an intermediate state?

— Partonic contents of the object?

You can always
insert a quark box
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Diffractive scattering

B MERLEL TIL, proton A, B ORI H T —3#IL A W

A B, 7 E DK SIZ, multi-hadronic state [ZZ1E (dissociate)
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Signal of diffraction

 QObservation of collimated hadrons
(or a proton), system A" and B,

in very forward direction centraldetector oy w_ . level
° La rge Rap|d|ty Gap (LRG) ND | centralidetector | l ND
between the system A" and B’ b) N Mo
| 1 { SD
SD1
C) ]mln rlmax
| . | DD
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5 bxon) bx | | | sD
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Single diffraction Double diffraction 0 . .
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A= — =F -
EHFDEE - Low-x = forward
p
NN 4 O
p remnant /
p,n

small x large x
backward forward = 0 degree
y = -2 y =7

« small-x parton ZlzFMNLHRYE->TIH, BHBFOEH=LIFL
AEEDLLRWNWTRIAIZRSN

 Small-x parton (& "backward” &4 [ZF.A
— BIARIF, BARFDORBOD large rapidity interval & %



ep at low-x is y*p scaitering

p

Y* /
q
p, n

low-x =~ low-Q?, StFIFNKRO UV ERGHES

Y*p centre-of-mass energy W (&
lower-x TKELK &%

1 Q%
w2=(--1)@*~%< (x« 1)
— low-x = larger rapidity interval
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Soft or hard?

VE g
q
b,n
Q? = 4 GeV? x =1,pr = Agcp
small x = hard very large x = soft
< T ree—
backward forward = 0 degre P
y = -2 y = 7

« Colourless particles appear more in forward (perhaps)

— where is the transition, in which rapidity?



partons x phase space =

particle exchange
(one-pion exch. etc.)

PR

diffraction p
by “Pomeron”
P (R)
< »
Large Rapidit
Gap (LRG) p
Y- diffraction

by 2-gluon

various phenomena

multi-parton
interaction

| J
increasing forward E

by multi-parton
Interaction

diffraction destroyed l .

o, P, R..

 where colourless,
where colourful? ;



a3 ELD Gap survival probability

- [EIHTERELIZINA T parton(s) A y*
RN D &, colour-singlet
RENIHIEER S NS

» Tevatron Tl&, BEIHEELEFED 1
1/3-1/10 L™ R 5478 0N
— Pomeron flux (fz 5 =)

Pomeron parton densities o)
(RA D HERS) Chbt 3
%:

HERA EEENHLXRH=H D%

FAW=546 1
. ¢ DATA
e LHC T3 suppression as well — prrmszzo
smms PYTHIAS tune1 ND
. . 10" k —— POMPYT CTEQ6L1 & H1 Fit B
— But not drastic suppression, == POMIC CTEGKL1 & 41 Fits

, T POWHEG+PYTHIA8 CTEQ6M & H1 Fit B.

107 102

only similar magnitude to Tevatron
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Diffraction in ep collisions: issues

HERA T O [BIHTHREL - . diffraction p
— Photon AELNTJLTF /N RO VIRREIC by “Pomeron”
dissociation 8 Z 9 (X) o P®)

Y

- BFEEALL GEIEHED b P N
RN WNVEEDTILF/A RO (Y) Large Rapidity

p
Standard view: \x'\/ Gap (LRG) Ve

— Pomeron (P) B GFH L iRHE S, Y
ZnMRESNSFEBEL L, Pomeron @
RIEEMREL N E B

Pomeron or 2-gluon ?

B H78EL & “Peripheral” DF Y q
HEYURELLARWNY 7 MRBETE ?

diffraction ,
by 2-gluon /

11



Diffractive DIS and diffractive PDFs

« diffractive exchange (Pomeron) ek
DIN—hUFEEZ Yy TS<H e(k) fy(q:k_k)
- AEE EP B, 02 xp) o
— tIZ2DWTIEFESD p ] X (M,)
— Diffractive process M 1& &% '
Pomeron O#EEREH TIEZ NI &I » x”’,"
R — 57
— diffractive PDFs (DPDFs) t=(@p-py
(Diffraction & W\ S EHTOEFD
HEERE) ZEYHT B: long. momentum fraction

of the parton in the exchange
xp . long. momentum fraction
e DISEREL &SI 2ERER T factorisation of the exchange in the proton
theorem M Y IIDZ & Z{RE) Q* = —q* = —(k — k')
negative of momentum
transfer squared

* scaling violation, jets 7% &

12



Diffractive DIS (DDIS)

« (? provides a hard scale
— probing partonic structure
«  Main task: F,PC)(B 02, xp)

— Structure function for
diffractive processes

4 _ep /
.[dt 4 0y 7
dpdQ* dxpdt t=(p-p'’
4ra’ 2
= Z (l—y—g]FZD(” (,B,Qz,xl)) B: long. momentum fraction
po of the parton in the exchange
— Sensitive to quarks Xp - long. momentum fraction

*  Gluons are “measured” by of the exchange in the proton

— Jet and HQ production
— Scaling violation of DDIS using DGLAP eq.
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* H1 Data

F,P(3) from H1, ZEUS -l .
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Scaling violation analysis
for g(B,Q?) in DPDF

- fo/p(xp, t)
, P (R)
B
q

‘ I
{ !
F; (B,Q%)

scaling violation DXIEEZ D B TH

[ED{A

— Quark A% gluon M B EIRYIZARR we<l

SNTWLD

/

p

\t B = x/xp

p

- XPEINTVWBIREBEIIL—F >
% <, naive 2-gluon picture & £ —2

low-Q? T% /D@ (higher twist!):
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Exiracted diffractive parton densities

« Gluons % diffractive DIS TR U NVHIPE (FE L (>

- Yy MEBZAHVTHIR
- Q2 =10GeV T 63% A

TJIL—HA >

ZEUS dijet cross section and DPDF SJ
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Longitudinal fraction of momentum %,
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Vector meson productionin y*p

vector meson

(P, w, ¢, ]/, Y ...)

Opp - pp [P

v<p—=>pPp

E o Hi | a)
[ = H1SV Q?[GeV?] |
= r’L—J”‘. 2.0 E
S e 33
i - 6.6 )
11.9 :

!’H’r‘ ]
.’/_,_/r’i”! 19.5 1

_ I/;/}/H w6
?H1 — fitee W®

50 100 200
W [GeV]

1.4

1.2

r+— 1 T T 11 I

L v*P—pP YEp—>0p a) |

| ® HA1 A H1 ]

B H1SV

O ZEUS AN ZEUS

L DVCS

- yrp—oJdyp Y HI

% H1 .

¥ ZEUS l {

® H1

0 2 4 6 8 10
u? [GeV?]

ut = (Q* + Mp)/4

« Vector meson 4 il (& higher twist (vector-meson dominance model)

« % L hard scale ®NIE W (yp CMS) ORI TAEIZHEN
— avery virtual photon (Q° > Aycp) D5, H D LME
- VM HBPEWIA—I TTETWBHE (/YY)

. ZOHEIE 2-gluon Tk < H gy « |g(x)|?
— ap(0) ~ 1.25 A g(x) oc x02> [ZxFi
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Forward part: t-dependence of VMs

— 14 L L R B LI B A A B L
proton o"> ! ep—>pp ep—op
4.5 GeV-~ _ QJ 12 B ® Hi A Hi _
5 — 105, ‘.‘.‘.T"T.P.T)P‘?.‘“.H‘.).H.E O, s M Hisv A ZEUS
Higeh x E a) 1 - H1 v
ghQ E 104 W =75 GeV ] o 10 L] %I ZEUg ep—>Jdvyp
2 0%l Q?[GevY ] [ + Hi
= 2: 33(x4) ] [ % ZEUS
5 SCEEE 81 M DVCS
C 0 [ 11.5(x1) ¥ |
; i 17.4()(0.5)5 6 I N v M oap ZEUS ]
Low Qz 4k 33.0(x U.S)E . ‘_;‘ - §§ é *
> 4.5 GeV?2 10_2 H1 a b i ]
10 oy o s £
It] [GeV?] ! ]
2 | ]
i H1 a)
proton , "0 5 10 15 20 25
=] 11% N = —_ — !
. ~ —_ :I—I— <D .
« % L exponential TRZEIZEHE TS b peripheral u? = (Q + M2)/4

e~blth & LT bslope #2700 w k
« R b ~4GeV 22D (BFOHYA X)
— XISH point-like [T > TWLVD
— VM production A% "hard” ZREELTH 5 & WS R & X Hr
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Forward proton detectors at HERA

« ZEUS LPS / HT FPS:
— ¥E#73 acceptance 2%,
FNTHELUTOBEEZE H/N—
® pT=0at03<xL<O9

o INZ WX diffractive
peak (x,;~1) %

* 0.8<x, <09 [EERE
« HTVFPS

— very high acceptance for
0.9 < x;, < 0.97

ZEUS

Acceptance
AO.S_IIIIIII\IIII'IIIIIIIIIIII\\II

B77 B7X B47 Q515558 B47 Q42 Q303438 B20 BIs. 20-15

I_Il_l

ZEUS
o I — | ]
1 I_IT | I | TUTI UTI_I ]

S6 85 S4 53852 Sl




Is inclusive diffraction peripheral?
e b~6—7GeV? |
High O?
— BERICRREKRIETE, LIS ANN—rs——
=R RIS TH AL s 4.5 Gev-2
— Pomeron (&, ZDRIFoIEXLENT
Meson DIZEI1Z(E b > 10 GeV 2

ZEUS proton
2<M,<5 GeV 5<M,<10 GeV 10<M,<40 GeV
Nb- ® ZEUSLPS33pb'{--- b=6.95GeV?
§ wf { AL 10
& S g i---;-"f -------------------- f-iig:@ & i
sf ¥ 1 1 1 > H1 ® H1FPSHERAI
Q I .
. P 0 J , J . , . (L) : — Regge Fit IP+IR
’ T o 1. o 8 O H1FPSHERA
IR S IS B sy ) é
q s} 1 1 1% P
p -
‘ ' 0 t + t t t t |
' t 10 + { + P E 4 i %
2 Z Xp,t b 3ot e B
x,Q S 2 S S o S -
R 10? 10? 10° 10° 2 = _— C ‘ -1
Xp 10 10 10
X
IP

... but the slope is independent of Q2

(unlike vector meson) 21
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Low-x 7= & rapidity interval X & (Y

p
p remna nt AL IJ.'I.‘VII///// :
-
LN : |
=ML
p’ n — // ; 1y i i —
émall X large x [ ]
backward forward = 0 degree
y = =2 y =7

* Leading baryon (&% IZ very forward (24 AY
— high-W =5, EHEEELTDH KL
e WS &I, BIZCEALTE AL
DIS & pp S=RALNAFTRIFELBPUTWS ([FT)
— N—R7@ vertex DYHE L (IFI1F) MERICERK 23



Fragmentation or one-particle exchange?

y*
q
0Q? = 4 GeV? x =1,pr = Agcp
small x = (semi-)hard very |arge x = soft
< T ——
backward forward = 0 degree
y = —2 y =7

o FIAIFEN—RIXT—ILOFEENDE L, soft miE
— R=brUTRGELAT—DEVIREE

(FEF, AAQY) BREMNH->TH KL (particle exchange model)

« ERR, ES5LH0OM? = COFEEORY
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LP (proton) Ot AR ARY b5 L

¢ XL = péB/pbeam

« FEBIZTT Vb
— + diffraction peak
— Fragmentation T3%

— pariticle exchange model
(Regge pole DEREHE)

TH@mATED
ZEUS
- T T T T T T _‘1 T T T T T T T T T T
é e ZEUS 12.8 pb — Szczurek et al. (a)
2 | p2<0.5 GeV?
3 0 PT2< - 92 fffff Pomeron ---- 7N
ol @mey Reggeon - A

45<W<225 GeV

0.5 0.6 0.7 08 09

. dO'LP/de

mc

1/G.

ZEUS
T T T T T T T | T T T T | T T T T T T T T T T T T T
ZEUS 12.8 pb™ -
2 .l .
Q™3 Gev?
45<W<225 GeV o
® 0.15<p3<0.5 GeV’ (x2) 1
O 0.04<p}<0.15 GeV’ 1
A 0<p2<0.04 GeV’ |
L ]
° . L . i
[ ]
i el
o a O = O
~ + A A A i . A -
[ A ]
[ | IR PR o e e ey e Ly |
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
XL
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LP DEEFRARY k5 L (b-slope)

High O?
—_— 2 _
« b~7GeV2(cxe P T—%F N
> 4.5 GeV?
¢« BFOHAXELYEBEFRKEL
- HFR) T I ILERINT,
B’%%EE*&ET AW proton
DITTIERLN: ZEUS proton
Semi-soft 74 Bk < 0
SMi-SOft 2222k 5 10 Diffractive peak _
= ‘ ~ {

C RETIEE S M7 LA -
6:—[ T++ +§%

e ZEUS 12.8 pb"'
Q2>3 GeV’

» i 45<W<225 GeV

p2<0.5 GeV’
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HERA DRIAHREFIRHES

o IGATILIAL -

— BFE—LIFEARIZENEIN TN ;
— AAYA—=—F—KEL! ol

e FINTFY—IE<T Ty hTHIR
e Scintillator “tracker”
— ﬁfﬁ@ﬁﬂ% ; 8;3%

Y T P I S [ o e R
02 03 04 05 06 07 08 0.9 1

XL = pLB/pproton

B7T Bz  B67 Q51,3558 B47 Q42 Q30,3438 B26 B18,22  Q6-15 7ZEUS

B i == e i e e

S6 S5 S4 5382 S1
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PEFOMERARY b T LA

« T—% :DIS
— (Q? > 2 (ZEUS) or 6 (H1) GeV?)
« OPE (one-pion exchange) in 2
— Fragmentaion 72372 & &Y 7 () o

* colour dipole model @ “professional” fragmentation +°,
X (1—xp) DEOBEHTHLHEETED

DESY-14-035 Nucl.Phys.B637(2002)3
0.2 Forward Neutrons 190 < W < 245 GeV ZEUS
><"" ) ® HiData H1 -~ [ : 2 )
o) = CDMx 1.4 + RAPGAP-r x 0.6 -%m P EEIS 95700 < 002 GV ¢
---b... . ) — | OPE Effective Flux
o 3 0e | Background
90-15 ©*— Total
o \3' Z LI
Q -g 20 | :
- 0.1 I L] -
15 |
; g
0.05 ||]: . :
bz 4
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Neutron @ b-slope vs x;
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LHCf & HERA @ kinematic range L&
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LHCf vs HERA summary
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