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Diffraction@CDF in Run 1|16 papers
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Run I

Run#| Dates | pb! [Physics

Elastic,

1-0 1988-89 ~5 Diffractive

& Total x-sections
>

1-A,B | 1992-95 | ~120 |Rapidity Gaps

>

1-C 1995-96 | ~10 [Roman Pots

\ 4 A 4 A 4 A 4 »Y
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Run 1-0 (1988-89)

Elastic, single diffractive, and total cross sections
@ 546 and 1800 GeV

Roman Pot Spectrometers

Roman Pot Detectors

» Scinftillation trigger counters —
> Wire chamber Additional Detectors

Trackers up to In| =7

» Double-sided silicon strip detector

Results

> Total cross section ctot ~ g®

> Elastic cross section do/dt ~ exp[2a’ Ins] > shrinking forward peak
> Single diffraction Breakdown of Regge factorization
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Total & Elastic Cross Sections

Total and Elastic Cross Sections

Conodan,, Monlanha and GonBauncs, Plys. Lell 15 350 (100G] LTG

[2p =1+ cl=0LH) + UG apg =068

EOERE g = 000G 4 002 |

N O *pp

(Run I-0)

The exponential rise of G is a QCD
aspect expected in the parton model
(see E. Levin, An Introduction to Pomerons Preprint DESY 98-120)
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Soft Diffraction (Run 1-0)

d°c 2¢
dtdsﬁD = fIP/p (t, <) .GIP—ﬁ(M;) GSD ~ S
» Unitarity problem: 100 , I
With factorization S <005 VA&
Clnd STd POmZI"OH ﬂUX © Amitage et al. z’#i‘St dard flux
d + UA4 o an
Cgp eXceeds ot at o cx ~10
\/g ~ 2 TCV X Cool etal. -
yd Renormaliked flux
o f |

% Renormalization:
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 00 1000 10000
Vs (GeV)
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M?-scaling

Factorization breaks
down in favor of
M?-scaling

renormaliza’rionE\\

\V4
do 5% 1

dM 2 * (M 2)1+6‘

005 (mMb GeV _4)

d?c/dtdM? |,

KG&JM, PRD 59 (1999) 114017

10 ¢
std. and renorm. @ 14 GeV (0.01 <£<0.03)
.l fluxfits []20 Gev (0.01 <£<0.03)
A 546 GeV (0.005<§<0.03)
i O 1800 GeV (0.003 <& < 0.03)
—1
10 ¢ N e L E
FA=¢ (M) 1
-2/ A=005
10 F -
B A=015 — 5\, ¢——— 546 GeV std. ]
r : RN flux prediction
oL "\ 1800 GeV std. |
E . flux prediction -
-4 renorm. flux
10 F prediction E
10_57 Ll L | 2\ | Ll 3 4\ | \HH 5 L1 6
1 10 10 10 10 10 10
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QCD Basis for Renormalization

(KG, hep-ph/0205141)

tH g Ay

2 independent variables: 1, Ay

K = gIP—IP—IP (t) ~ 017

ﬂlP—p—p(O)
d 20_ 2 (e+a't)Ay 2 gAYy’
:C-Fp(tl)-{e } OK‘O{GOG }
dtdAy D . y
Gap probability

N eZEAy —

Renormalization removes the s-dependence = M2-SCALING
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K and €

=P _ (174002, £=0.104

Experimentally:
KG&JM, PRD 59 (114017) 1999 IP—p
2
1 1 =1 1
Color factor: x =1 x ~ER +, . Q

A HERA
0.5
0.4 f o H1
[ e ZEUS *
0.3 %

. - hadron—hadron
~< I
02 55’6

0.1 |

O m 5‘”””\ ‘2““‘”\ L]Hmu\ | L 2“”””
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Q*(GeV?)
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>z0.75><—+0.25><l
8 3

<
— Q%=1 GeV?
s
1 — gluon
10 /1 — valence quarks
. — < — sea quarks
X - f(x) - 0.2
X
f,=gluon fraction
f,=quark fraction :
10-1 4‘ e 3 ‘-2‘ 1 =
10° 10 10 10 Xl
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CDF-I

0162

Bellows

To MCPM | 7‘\/.Fihi:l'

DIPOLE MAGNETS —/\

~

ROMAN POTS

%

-
|
0

Ll
—_—

<0.97 Scintillator fiber xy-tracker
x=y. 270 1 pitch, 2 m lever arm

x=1 [Acceptance: 0<|t| <1, 0.03<g < 0.1]
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Run-IA,B

|/ fenghayku

CES
CPR

.e Silicon Vertex Detector

n=24

BBC I

INTERACTION POINT

Z

Forward
(Not-To-Scale)

n=42

Forward Detectors

BBC 3.2<n<5.9
FCAL 2.4<n<4.2
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tral and Double Gaps

Soft Cen

dN : : : o
g . Lo Q Double Diffraction Dissociation
P | )
p
w, MM cnME > One central gap
) P a Double Pomeron Exchange
Y N
K S T » Two forward gaps
5 b5 iy Timax ad SDD: Single+Double Diffraction
P\5 | .
Pt <In M12—> «—In M22—>
p <In1/&; —ins » One forward + one central gap
2 ns
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Generalized Renormalization
(KG, hep-ph/0205141)

“ “
5 independent variables { t

_CxF 2(t1)H {e(e+a’ti )Ay; |2 % Kz {Go eg(Ay{+Ay'2)}

H dV, " 1=1-2

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

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

Differential shapes agree with Regge predictions
CDF Preliminary Mf( ( GeVZ)
5 \s=1800 GeV 1 10 10° 10° 10" 10° 10°
10
£ 5=1800 GeV 2 e DATA ST A e i
S 5k . DATA 3 — SDD + SD MC :
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gap fraction An > 3.0

Soft Gap Survival Probability

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

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

[— Renorm-gap prediction ...l i ¢ / ?

] sheeteee (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

Soft diffraction is understood ! (?)
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Hard Diffraction

Diffractive Fractions

Diffractive Structure Function
Factorization breakdown and restoration
DSF from inclusive PDF's

Hard diffraction conclusions

V V V VYV V
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Diffractive Fractions
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)

CSE frac
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Diffractive Structure F'n

p+p— p+Jet+Jet+ X

Measure ratio of SD/ND
dijet rates as a f'n of X;

> B
¥

Xﬁ = pg,q/pﬁ -

—0.45
R (X5) =Ry -X5

ND

In LO-QCD ratio of rates
equals ratio of structure fn's

Rsp/np(X)

10

10

10 |

F(x5) = Xp|:g(xp) + (C:—FZ (q;(x;) +; (Xp))}
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SD/ND Rates vs X3

C 5
A

(m] s - L] v
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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;}FHEE 7 GeV p
100;‘ (Q°=75 GeV?) 0.035<& <0095
|t]<1.0 GeV?
P
o il i
— T n -
> Jet
F,(Q%.%) * Fu (B, %)

F(Q%,8.5.0) 722 > Fu (B, B.6.1)
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F;(B)

Restoring Diffractive Factorization

-#- from DPE/SDf, 0.01<£<0.03

-4~ from SD/NDJ, 0.035 <& <0.095

100}

10}

J \

0
jet jet ] S—
| “ P
0 n— np
DSF from single-gaps
:
e s HY fit-2 ~+- CDF data
- - H1fit:3 EF'2>7 Gev
1Rog (Q%=75 GeV?) 0.035 <& < 0.095
|t]|<1.0 GeV?

10

0.1

Fermilab 20-22 May 2004

01

R(SD/ND)

R(DPE/SD)

DSF from double-gaps:

[co B
=
0 =
L

100}
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10 |

0.1}

Eac‘roriza‘rion restored!

—# CDF data, based on DPE/SD

+++
—+—

. — H12002 <0 QCD Fit (prel.)

01
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DSF from Inclusive pdf's (KG)

Q%=1 GeV?

— gluon
valence quarks

x-f(x):L
X8

~~
X

N—r

Y—
X

2

10°F

Q% =75 GeV?

— gluon
— valence quarks

\0.20 sea quarks Power-law region . 7 sea quarks
N Enax = 0.1
Xmax — Ol 1 b
| B <0.05&
' 100 w00 w00 g A
1 C(e’ A C
FD(QZ,X,é)OC lg'F(Qz,X)OC lg. (Q)2 NORM K ——
+ 5 + ﬂ,(Q ) §1+8 A A
(f5) P
HERA(noRENORM): RO®(x)—24<  constant 5
2600 = &+ A(Q%)
TEVATRON  (RENORM) : R il[[)) (x) o« x (&4
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Pomeron Intercept from H1

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

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

Q° [GeV’]
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&-dependence: Inclusive vs Dijets

c 18— BRERELELE B -
16 @ EJQHE)?GEV - z . Q%= 75 GeV?
L 57 —10% =
ral [t/<1.0GeV* X 1 ~ guon
F 1 — valence quarks
1.2F . sea quarks
1_—?— .... e — ] 10
0.8f :
2.5 - i }::::}::::580%‘\
3 of ® * Dijet j70Z Ly
= + Inclusive _560 o i
~1.5F 20" [
= J40= .
LL: 1:" -;302;; 1010-4 3
Bosh —— 3202
205— e . ] w
&) 1103 4
b SN 308 | Ry =x [g(x )23 (q,06,) + T (X))
003 004 0.05 006 007 008 0.09 01 9
/ @
do. 1 1
incl D L _ _
—l oc constant ~ F, (B,g)ocB—n T (n=1.0+0.1, m=009+0.1)
| Pomeron+Reggeon | Pomeron dominated
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Enery Dependence of F;;°

Z b 4 a0 cey 2 Gy Phenomenological Models:
L= T2
- ¥ 1800 GeV ET““?"“V - Renormalization
" 0.035 < <0.095
; ISy Phys. Lett. B 358, 379 (1995).
0 - (Gap survival probability, e.g.
TE a Eur.Phys. J. C 21, 521 (2001).
- Soft color interactions
Phys. Rev. D 64, 114015 (2001).
ol R¢30/1800(predicted) ~ 1.5 - 1.8
i k3
10" :
p

Re¢30/1800 = 1.3+0.2(stat)+0.4/-0.3(syst)
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Hard Diffraction Conclusions

Diffraction appears to be a low-x exchange subject to color constraints
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Summary of Run I Results

SOFT DIFFRACTION
» M?2- scaling

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

HARD DIFFRACTION
» Flavor-independent SD/ND ratios

> Factorization breakdown and restoration

v'Universality of gap prob. across soft and hard diffraction
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Run IT Diffractive Program

= Single Diffraction

» & and Q? dependence of F;
» Process dependence of FP (W, b,J/v,...)

= Double Diffraction
> Jet-Gap-Jet: Ang® for large fixed Anief
= Double Pomeron Exchange
» F;;® on p-side vs &-pbar
Also:
Exclusive central production
> Dijets, y., low mass states, Higgs(!)(?)...

Other
»> Open to suggestions
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CDF-TI

Tag leading p-bar @ 0.02 < &< 0.1

e

iy A
Roman -1'\
Pots 1"-. KSEmmCI}F
Acceptance |
n.nzf‘gu.-l Ll -
D<lt|<2 GeV
Dipoles
- BSC ——
— h.A=||=7.5
-
P - ~—— MiniPlug -«
[ W] 3esmissd
\ — CLC
P 3.7<|n|<4.7
DIF |l +— Central
— Plug
P l I
MiniPlug
iy
= -3 BSC
-

detect
forward
particles
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MmlPIu CalommeTer

1V 'II

R |1 ,; -
L . ln‘iigtum”“..-
WE‘& FL'M"J: B v W'Ei R e
fw”.uk’l N ‘Il':ili.w,, w
| T & ‘
ST L Ew 1rF

About 1500 wavelength shifting fibers of 1 mm dia. are 'strung’ through holes
drilled in 36x%" lead plates sandwiched between reflective Al sheets and guided
into bunches to be viewed individually by multi-channel photomultipliers.
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Artist's View of MiniPlug

384 towers
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Q? dependence of DSF

Xp = 0.03 H1 preliminary
x=0.0003, 3=0.01
0.05 — - % B
mm - - ;
0
x=0.0012 , 3=0.04
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 .
mmEm =" "3 =o
0 = =
x=0.012, 3=0.4
0.05 — B
mEpuy w9 § g -
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?]

e F, be) (xIP,B,QZ) H1 prel.
= F, (x,Q% H1 96-97
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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
LL

=
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
Q@ 5 % 5) | I flat at HERA
F(Q “, x) ~ 1/x95 at Tevatron

=

Pomeron evolves similarly to proton
except for for renormalizartion effects
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CSE fraction

CSE fraction

Hard Double Diffraction

p+p— Jet+Gap+ Jet
) ‘o ©000HOVOOPOO®
P : :
P : <« gap —» :
b ® Ay :
n -~ Ay Jet G
Run I Results Question
0.02 ? : ggr(norm to CDF mean) gap 999 Jet
T Ay*® «—— Ay
0.005 f +
T 2.;7 1_27.762I/§.8 332 34 0 ®
oo E EO‘E’:EE, %DQ (horm to CDF mean) ” .
0.02 |-V high Er %. —— In(s'=1800% 1 cDF
0.01 +i§§!§i+§%i ************************* In (s=14000°) R LHC
C & |
N S (S S S SR —-G- /] J—-G-J
% 20 30 €I§1+ET2);02 60 70 RJLHC J(S ) = RTEV /S ~1%/0.2 ~ 5%

Fermilab 20-22 May 2004 The Future of QCD: Diffraction @CDF K. Goulianos 32



Exclusive Dijets in DPE

Interest in diffractive Higgs production  Calibrate on exclusive dijets

Exclusive Inclusive
Khoze, Martin, P
Ryskin .
Eur. Phys. J.
C23, 311 (2001), = .
C26, 229 (2002) P
ggPP—>H n
~ - CDF Run Il Preliminary
Dijet mass fraction 0 ——
cone ; 1UE —— o DFE= SDﬁ + GAPL(5.5n ,=7.5) (Prescale 5
R M_]] 2 ;ﬂ' _&__ﬁ__a_ - DPE= SDﬁ + GJ'-PP(B.Em@ﬂ.E] (Prescale &
= I s | _
1] M : 10 g— o _D_i—a—_a__&-_&_ Energy Scale Uicertaint_]:
= E 10" - +"‘"‘--+$:9::i:z$—a— HoEope
= —a— - £
cht excl jj R.>0.8 :: 10° ,:— == -ﬁ-*-'i‘i‘-'_‘i'—%-
T O ppE ( ii - ) = = -
@ 10’ L Dijet Mass Fracti ’
10 GeV | 970+ 65+272 pb 210 et ass Fraction
3+ 10 SDE:D.DS:: E_,E<D.1
25GeV | 34+£5+10pb E*?> 10 GeV
) ) ) ] ) ) ) ] ) ) ) ] ]
To 0.2 0.4 0.6

Upper limit for excl DPE-j
consistent with theory
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Search for Exclusive y @CDF

P+p=>p+x(=>Ty+7)+p
» Events are triggered on dimuons
- Select muons with P15 GeV, |n|< 0.6
* Reject cosmic rays using time of flight information
+ Select events in J/y mass window

= QSD-::%F :PE Immar} — CDF Eun 2 Preliminary . data
= | e LB T T — FakeEwt
w 20§ o 4y
£ i @ i
g 184 J¥+X : g 35f i
LLI i ] [ .
;'i events Y. 10 . candidates
12} 2ot ]
10 ] 2t ]
Gl ] 15} ]
o '; 1 S
LT
D ; 1 Iu-‘!- .I.-H -l l- l- i- 1 E D ; M I MR | B I _|| ...... ]
0 10 20 30 40 50 &0 7O 28 3 32 34 36 38 4
N Hits Di-muon + photon invariant mass (GeV)

No positive identification of y. events
Cross section upper limit comparable to KMR prediction
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Merits/Problems/Needs

Merits of CDF Run IT diffractive program

O Measuring & with calorimeters - full acceptance
- overlap rejection
O BSC gap triggers - can take data at high luminosities

But:

0 BSC gap rejects some diffractive events from MP spillover
O Useful rates too low for many processes, e. g. exclusive b-bbar

Need:

O Low luminosity runs for calibrations:
> &-roman pot vs &-calorimeter
» BSC gap trigger vs roman pot trigger

Also need:

Q $$$ to instrument MPs from current 84 to all 256 channels
for EM/hadron discrimination and better jet definition
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CONCLUSION
Run IT

O CDF has a comprehensive Run II diffractive program

1 Modest upgrades & special runs are desirable
» Full MiniPlug instrumentation

> Low luminosity (~1039) runs for calibrations
» Data run at 630 GeV

Beyond Run IT

d Can think of improvements, but of no compelling
diffractive physics that cannot be done in Run IT
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