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Four Decades of Diffraction

+ 1960's

+ 1970's

1980's

1990's

Good and Walker
BNL: first observation

Fermilab fixed target, ISR, SPS
Regge factorization works
KG, Phys. Rep. 101, 169 (1983)

UAS8: diff. dijets = hard diffraction

Tevatron: Regge factorization breakdown
TeV, HERA: QCD factorization breakdown
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Soft Diffraction

in QCD:

1/M2 law -
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KG, Phys. Rep. 101 (1983) 171
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Total & Elastic Cross Sections

Total and Elastic Cross Sections )
Corolan, Montanha and Goulnes, Plys. Letl 15 350 (1095) 176 QC D CXPQCTGTIOHS
2 =1+ cl= 0L+ 25 apg = OGS + OB o = 000G+ 0022 |

The exponential rise of G(Ay') is due
to the increase of wee partons with Ay’
(see E. Levin, An Introduction to Pomerons Preprint DESY 98-120)

:E: T Ay =Ins—»

y
Im f-el(S,t)oce(8+a't)Ay

Vi [} V3 (GaT)
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Renormalization

d°c 2¢
= fIP/p (t, <) .GIP—ﬁ(M;) GSD ~ §

dtd&
» Unitarity problem: . | S
With factorization 5 <0 {7
and std pomeron flux O Amiage et al R o o
+ UA4 )
C¢p eXceeds o1 at o o
A ET10 S
\/g ~ 2 TCV X Cool et al.f,-"’f
,,,f I— Renormalized flux
< Renormalization: I Y i

normalize the Pomeron
flux to unity

KG, PLB 358 (1995) 379
0.1 0

[ ] fept.e)dede=1 ,

amin t=—0

Total Single Diffraction Cross Section (mb)

10 100 1000 10000
~
Vs (GeV)
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A Scaling Law in Diffraction

KG&JM, PRD 59 (1999) 114017

10 ¢
FGCTor‘izaTion br'eaks % ?‘lhdx.ﬁtgd renorm. @ 14 GeV (0.01 <&<0.03)
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Partonic Basis of Renormalization
(KG, hep-ph/0205141)

tH g Ay

2 independent variables: [, Ay

= 8 ip—ip-ip (1) ~0.17

Bip—p-p(0)
2
d O :C‘F2(t)‘{e(g+a't)Ay .K.{G eeAy'}
dt dA P ’
YN / - -
Gap probability

IAy Ins 28Ay 2¢

AV thin

_ engy —

Renormalization removes the s-dependence —p SCALING
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The Factors K and €

Experimentally: o=SPIPdr 174002, £=0.104
KG&JM, PRD 59 (114017) 1999 Pp
2
1 1 0 =1 1 1
Color factor: x=1,x +f x >z0_75x_+0.25x_
f ¢ N’-1 ¢ N, 8 3
Pomeron intercept: ¢=4, - w,+4,-w, @
0s HHERA CTEQ5L
: 1 g Q%=1 GeV?
0.4 - O H1 — — gluon
N ¢ M= - s S0 o= amm
0.3 * hadron—hadron % X 20
, M f4=gluon fraction
> ‘gg@ f,=quark fraction 1
0.1 |4 - 1 , :
| | sac~s |
° T 07 10 It - 0T 0% 07wt g

Q;(Ge\/zg °
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Central and Double Gaps

g . Lo Q Double Diffraction Dissociation
—e A A .
w, MM M > One central gap

_ P a Double Pomeron Exchange
| A ;
s 0 no M P

» Two forward gaps

5 P 5 Ly T 2 SDD: Single+Double Diffraction
t
Pp, | AN A
Pt <In M{- —InMZ—
p v <INl —ins » One forward + one central gap
2 ns
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Generalized Renormalization
(KG, hep-ph/0205141)

Ay, Ay,

Hdl/z 1=1-2

i=1-5 N _ - _
Gap probability Sub-energy cross section
826‘ Ay (for regions with particles)

av=lns 2EAY  2gl|| Same suppression
_[ S S as for single gap!
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Central & Double-Gap Results

Differential shapes agree with Regge predictions
CDF Preliminary Mf( ( GeVZ)
10° \s=1800 GeV 1 10 10° 10° 10" 10° 10°
£ 5=1800 GeV 2 e DATA ST A e i
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gap fraction An > 3.0

Soft Gap Survival Probability

o CDF: one-gap/no-gap " o

e CDF: two-gap/one-gap _ n / N
1 | Regge predicton .- o S —

i e i # 0

[— Renorm-gap prediction .-l i /

] sheeteew (1800 GeV) ~ 0.23

2—gap/1—gap

LS (630 GeV) = 0.29

L ] 2—gap/1—gap

10 10 _
sub-energy Vs’ (GeV)
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Soft Diffraction Conclusions

Experiment:

» M2 - scaling
» Non-suppressed double-gap to single-gap ratios

Phenomenology:

> Generalized renormalization

» Obtain Pomeron intercept and tripe-Pomeron
coupling from inclusive PDF's and color factors
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Soft vs Hard Diffraction

0 SOFT DIFFRACTION 0 HARD DIFFRACTION
j;} "
dN/dn dN/dn
T An=-Ing ‘
< t— - MX2J n —»
E=AP, /P, Additional variables: (X, Q?)
il N
Variables: (&, t) or (An, t) X = ,8 § . Q2 = (E%et)z
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Run-IC CDOF-I Run-IA,B

-

$1.62
- .
} CDF
. Detector
. Reeoil P Track Bellows : : t:' 7‘\/. b
To MCTMT Fiber CES

CPR

Forward

|
- =

.e Silicon Vertex Detector
-

INTERACTION POINT

DIPOLE MAGNETS —/\
X ROMAN POTS
at 57 m Forward Detectors
Scintillator fiber xy-tracker
x<0.97 [270u pitch, 2 m lever armj BBC 32<n<59

FCAL 2.4<n<4.2

x=1 [Acceptance: 0<|t| <1, 0.03<g < 0.1]
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Diffractive Fractions @ CDF

pp — Jet + gap + Jet

DD/ND gap fraction at 1800 GeV

pp —> X +gap

SD/ND fraction at 1800 GeV

X | Fraction(%)

W 115 (0.55)
JJ | 0.75 (0.10)
b 10.62 (0.25)

J/vy | 1.45 (0.25)

- All SD/ND fractions ~1%
* Gluon fraction f, =0.54+0.15
» Suppression by ~5 relative o HERA

- gap survival probability ~20%

Factorization OK @ Tevatron
at 1800 GeV (single energy) ?

fraction
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* : |

1
0 S0

'I-ﬂ1 a0
(Ey + E,*}fﬂ
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Difftactive Structure F'n @CDF

p+p— ptJet+Jet+ X

Measure ratio of SD/ND SD/ND Rates vs X3

dijet rates as a f'n of X; = —— :
& | (& =004 005 0.06 0.07 0.08 0.09
22(3)]31r .e_ni [I% At = 0.01 Ej-?H‘EETGEV
X_ = el 1 |t]<1.0 GeV?
p pg,q pp \/g 10 E X % 5 stat errors only
0.45 X=08%E
R.,.(x_)=~R,-x_ " R . U
S_D( p) 0 p 10t T
ND o .
In LO-QCD ratio of rates o N
. , 3 ™
equals ratio of structure fn's : Yo Ty 4]
[ g g yeal B U e . ?_L.l._':".:f-..l_("
C 107" 107 ; 10{'1
_ F =
Fjj (Xﬁ) - Xp|:g(xp) +a2(q1 (Xﬁ) +q; (Xp)):| X (an IPro on)
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Breakdown of QCD Factorization
HERA The clue to understanding the Pomeron » TEVATRON

D@: === H1 fit-2 —+- CDF data -
L r e HA i3 E;}FHEET GeV p
100;‘ (Q°=75 GeV?) 0.035<& <0095
|t]<1.0 GeV?
P
o e Lo
— T n -
? Jet

F,(Q7,x) g

F (0%, B.¢.1) 77 > Fyy (E7", B.6.1)
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F(B)

Restoring Diffractive Factorization

ND jet  jet b
PR )‘é ]
= — R(SD/ND)
jet =
o oy > R(DPE/SD)
P -

LRI . DSF from double-gaps:
_DSF from single-gaps Eac‘roriza‘rion restored!

I

= =)
-4 {rom DPE/SDJ, 0.01 < £<0.03 N = [ H1 fit-2 -+ CDF data o=
' L e H1fit-3 ER25 7 @av L —# CDF data, based on DPE/SD
100k —4- /from SD/NDJ, 0.035 < £ <0.095 100L . i T %= 100L
; (Q*=75 GeV?) 0.035<& < 0.095 g
|t]|<1.0 GeV?
10 b 10 |- 10 | =
b £ £ ‘ —*—
1k L 1L
[ — H12002c,0 QCD Fit (prel.)
01k 01} 0.1}
PRI | ) M L Lo \u"%._‘ L " PRI T i | ) M L P T S T
01 1 01 1
§ §
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Q? dependence of DSF

Xp =0.03 H1 preliminary
x=0.0003, 3=0.01
0.05 — - % B
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0.05 — *# |
am -I= !* ?
0 — —
x=0.003, B=0.1
0.05 — = |
RN L i'== =;¢
(0] — —
x=0.006 , 3=0.2
0.05 — .
m .
TR " =o
0 = =
x=0.012, 3=0.4
0.05 — B
mE=pu,uvy® 3"
0 x=0.0195 , p=0.65
0.05 +— B
gy oy -
. :*
x=0.027 , B=0.9
0.05 — |
H pgE g mEN
O \\\HH‘ 1 \\\HH‘L
10 102
Q® [GeV?]
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= F, (x,Q% H1 96-97

CDF Run Il Preliminary

—

—8— Q= 100 Ge V' (E, « [8,12] GeV)
—B— Q'= 400 GeV? (E; < [18.25] GeV)
—&— Q= 1600 GeV (E, € [35,50] GeV)

&0

194
>

~N
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Q .

Ratio { SO /AE )/ ND

-
(=]
ra

| +25% overall norm unqertamty _________ SR, e, SRR

1 | . 1 . 1 i I [ |
10° x 10

10°
10°

D A2 ~ no Q? dependence
R FQ 5) —>< ~ flat at HERA

F(Q 2 , X) ~ 1/x95 at Tevatron

Pomeron evolves similarly to proton
except for for renormalizartion effects
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Diffractive Structure Function

from the Deep Sea

£ 1 X
u— Q?=1GeV? . - w102 Q% =75 GeV?
x — gluon x f(X) & = % %0 — gluon
G oy e S S
£ 220 Power-law region 1 |
) F;max =0.1 j
Xmax — 01 1 3
B <0.05& |
10_14‘““““—3‘HHW—Z“HHH—l“‘HH 10-1—4 - —3‘HHW—Z‘HHW‘—l“Hm
10" 10 10 10 Xl 10 10 10 10 Xl
1 1 C(o’ A C
FD(Qz,x,é)OC g'F(Qz,x)OC g. (Q)2 NORM K ——
é:l+ §1+ (ﬂéj)ﬂ(g ) 51+8‘Z\ ,Bi
HERA(nORENORM): R>%S(x)—24 5 constant
28, =&+ /I(Qz)
TEVATRON (RENORM) : R f\% (x)c x~ (EF4)
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Pomeron Intercept from H1

H1 Diffractive Effective 0,,(0) @, (f)=1+&+a't
© 1994 e 1997 (prel) a4 1999 (prel)

9 - ___.Inclusive
a5 L 1
5 i 4
1.2 —
1.1 —
2: soft IP
(=Q=0)
1 . L | | |
-1 2
10 1 10 10

Q° [GeV”]
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§-degendence Inclusive vs Dijets

C1-8-"""""""""" T rrrrrrrr) />'<\
L Jet12 ]
16F (a) Ef =7 Ge\fg ::10 2| 4 Q2 - 75 Ge\2
C [t] <1.0GeV Z X ’ ~
1.4rF b &N _
: ] 05 gluon
12F ] — valence quarks
1:_—'?— .... o T R — seaquarks
10 k
0.8F - :
2_5::::}::::}::::}::::}::::}::::}::::5805 %QQO
S, ® ‘Diet 702 B
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< 15F 4°0=" 1 b
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— L d00.2 i
205'_ —1——1—_‘____1_‘_ 200’) |
) f 1102
0 l AP I |....|....'DE 10'1
003 004 0.05 006 007 008 0.09 0.1 10'4
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dclncl D 1 1
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| Pomeron dominated
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Gap Between Jets

p+p—Jet+Gap +Jet

) ‘o __SSCSEEEESINOEE!

P : :

P Py Ay :
P n L—Ay jet >§
Question
g 0.02 7 : ggF(norm to CDF mean) :
5o gap 777 jet
e Ay*® s Ay
%) 0.01 ®
O r } %
0.005 s +
01.:8‘ T2 22 24 26 28 3 32 34 ¢
n,=714/2 O
= m CDF
% oo E: :%‘ngE %DQ (norm to CDF mean) .
g 0.02 f' high E; + % %- — In(s'=1800% ﬂ—CDF
T .01 %+§§§!§Y fffff ﬁ% fffffffffffffffffffffffffffff In (s=140007) ~LHC
T 1-G-1J I-G-J

R R S R RIGT(s) = RES™/S ~1%/0.2 ~ 5%
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Summary

SOFT DIFFRACTION
» M?2- scaling

» Non-suppressed double-gap to single-gap ratios

HARD DIFFRACTION
» Flavor-independent SD/ND ratio

> Little or no Q2-dependence in SD/ND ratio

v'Universality of gap probability in soft and hard diffraction
v Pomeron evolves similarly o proton

Diffraction appears to be a low-x partonic exchange subject to color constraints
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