International Symposium on Multiparticle Dynamics Brown University August 11, 1999

CDF Results on Hard Diffraction and Rapidity Gap Physics

Mary Convery The Rockefeller University for the CDF Collaboration

I. Introduction

II. Rapidity gaps in hard single diffraction: xxxxxxxx W, dijet, b, and J/ψ production

III. Diffractive dijets with Roman pots

IV. Double Pomeron exchange

V. Hard and soft double diffraction

VI. Future plans^2

3

Single Diffraction Double Diffraction Double Pomeron xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxExchange

5

6

7

8

9

CDF Hard Diffractive Rapidity Gap Results

Diffractive W xxxR_W (_{SD} ND ) = (1.15 ± 0.55)% xxxPRL 78, 2698 (1997)

Diffractive dijets xxxR_{JJG} (_{SD} ND ) = (0.75 ± 0.10)% xxxE^{jet}_T > 20 GeV, η^{jet} > 1.8, η_1 · η_2 > 0 xxxPRL 79, 2636 (1997)

b-quark production xxxR_b (_{SD} ND ) × A = (0.26 ± 0.08)% xxxE^e_T > 9.5 GeV, η^e < 1.1 xxxA ≈ 0.4 (2.4 ≤ |η^{gap}| ≤ 5.9) xxxPreliminary

J/ψ production xxxR_{J/ψ} (_{SD} ND ) × A = (0.64 ± 0.10)% xxxp_T (μ_1, μ_2) > 2 GeV, η^μ < 1.1 xxxPreliminary

all ratios ∼ 1%

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Hard and soft double diffraction

CDF Color-Singlet-Exchange fractions

R_{JGJ} (1800) = [1.13 ± 0.12(stat) ± 0.11(syst)]% R_{JGJ} (630) = [2.7 ± 0.7(stat) ± 0.6(syst)]% R(630)/R(1800) = 2.4 ± 0.7(stat) ± 0.6(syst)

PRL 80, 1156 (1998), PRL 81, 5278 (1998)

Single Diffraction (Regge theory)

α(t) = 1 + ϵ + α^′t

σT = β1(0)β2(0) ( s s0 )_{α(0)−1}

dσel dt = β^2_1 (t)β^2_2 (t) 16π ( s s0 )_{2[α(t)−1]}

d^2σSD dt dξ = β^2_1 (t) 16π ξ^{1−2α(t)} κβ^2_2 (0) ( s^′ s0 )_{α(0)−1}

f_{IP/p}(ξ, t) σ^{IP p}(s^′, t) ξ = s^′ s = M^2 s = e^{−Δy} , s0 = 1 GeV^2, g(t)→g(0) = κβ2(0) 28

Total Single Diffractive Cross Section

SD differential cross section from Regge theory ok, integral (∼ s^{2ϵ}) too high

Double Diffraction (Regge theory and factorization)

d^3σ_{DD} dt dM^2_1 dM^2_2 = d^2σ_{SD} dt dM^2_1 d^2σ_{SD} dt dM^2_2 / dσ_{el} dt = [κβ_1(0)β_2(0)]^2 16π s^{2ϵ} (M^2_1 M^2_2 )^{1+ϵ} e^{bDDt}

b_{DD} = 2α^′ ln ss_0 M^2_1 M^2_2

κβ^2(0) = 2.82 mb, ϵ = 0.104, α^′ = 0.25 GeV^{−2}

Double Diffraction

gap width: Δy ∼ ln ( ss_0 M^2_1 M^2_2 )

center of gap: y_0 ∼ 1 2 ln ( M^2_2 M^2_1 )

0 ≤ Δy ≤ ln ss_0 M^4_0 , |y_0| ≤ 1 2 ( ln ss_0 M^4_0 − Δy )

(M^2_{1,2})_{min} = M^2_0 = 1.5 GeV^2

d^3σ_{DD} dt dΔy dy_0 = κβ^2(0) 16π e^{2ϵΔy}e^{2α′Δy t} κβ^2(0) ( s^′ s_0 )_ϵ

reduced energy s^′ = M^2_1 M^2_2 /s_0 = s e^{−Δy} = sξ

d^3σ_{DD} dt dξ dy_0 = κβ^2(0) 16π ξ^{1−2α(t)} κβ^2(0) ( s^′ s_0 )_{α(0)−1}

∼^1_{ξ1+2ϵ}

CDF Preliminary

CDF Preliminary

CDF Preliminary DD cross section for central gaps Δη^0 > 3 √ s = 1800 GeV

σ_{DD}(Δη^0 > 3) = (51.2±1.7 mb)

59880 − 7234^{+3917}_{−3911} 1021400(1.151)A = [2.29±0.01(stat)±0.08(σ_{BBC} )^{+0.18}_{−0.17}(bkgrd) mb]/A

Regge theory σ_{DD}(Δη^0 > 3) = [24.3±0.3(stat)^{+2.7}_{−2.1}(calib) mb ]/A

→ discrepancy factor D = 0.09 ± 0.1

trigger efficiency A ∼ 50%

CDF Preliminary DD cross section for central gaps Δη^0 > 3 √ s = 630 GeV σ_{DD}(Δη^0 > 3) = (39.9±1.2 mb)

136671 − 13802 1670764(1.107)A = [2.65±0.01(stat)±0.08(σ_{BBC} )^{+0.13}_{−0.35}(bkgrd) mb]/A

Regge theory σ_{DD}(Δη^0 > 3)) = [18.4±0.2(stat)^{+1.7}_{−1.5}(calib) mb]/A → discrepancy factor D = 0.14 ± 0.02 A ∼ 60% D(630)/D(1800) ∼ 1.5 → D ∼ 1/s^{2ϵ}

Goulianos, Phys. Lett. B358, 379 (1995)

CDF Preliminary

[1] R. E. Ansorge et al., Z. Phys. C 33, 175 (1986). [2] C. Conta et al., Nucl. Phys. B 175, 97 (1980). [3] A. Givernaud et al., Nucl. Phys. B 152, 189 (1979) and references therein. 37

Preliminary Results for Central Rapidity Gaps in Minimum-Bias Events

The shape of the mass distribution is in agreement with the standard theory.

The measured double-diffractive cross sections at √ s = 1800 and 630 GeV are an order of magnitude smaller than what is predicted using Regge theory based on the triple Pomeron amplitude and factorization.

Both cross sections are in general agreement with the renormalized gap model [Goulianos, Phys. Lett. B358, 379 (1995)].

Plans for Run II

MiniPlugs 3.5 < η < 5.5 lead plates, liquid scintillator, WLS fibers

Beam Shower Counters scintillator covering 5 < η < 7 used as veto for gap trigger

reinstall Roman Pot detectors on p̄ side