
Soft Diffraction

—– Topics: —–
• Phenomenology of Soft Diffraction (L1)
• Regge Theory (L1, L2)
• Exclusive Vector Meson Photoproduction (L2, L3)
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Recap Lecture 1

—– Soft Diffraction —–
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• dominates hadronic interaction
• cross-sections rise with s
• scattering in forward direction
• large rapidity gaps

2→ 2 kinematics
a(pa) c(pc)

b(pb) d(pd)

t

s

• s = (pa + pb)2 > 4m2

• t = (pa − pb)2 < 0

• cos θ ' 1 +
2t
s

—– Regge Theory —–
• try to explain σ(s)-dependence
• scattering theoretical approach
• idea: hadron exchange

scattering theory
• S(s, t) lorentz invariant
• S unitary
→ optical theorem: σtot (s) = Im [Aelas (s, t = 0)]

• S analytic: continue to complex s, t ∈ C
• crossing-symmetry:

Aab→cd (s, t) = Aac̄→b̄d (t, s)
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Recap Lecture 2

—– Regge Theory —–
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• exchange orbital hadronic excitations

• lie on Regge Trajectories αIR (t)
→ lines in spin-M2 plane w/ universal slope

• σtot (s) ∼ sαIR (0)−1

→ like single particle exchange: “Reggeon”

—– Pomeron —–
• rising cross-section w/ s not described by Reggeon exchange

• introduce ad-hoc trajectory with αIP (0) = 1 + ε

→ “Pomeron”
→ gluon singlet, glueball, magic unicorn, model parameter?!

—– Today —–
• measure leading trajectory via:

dσelas
dt

(t,Wγp) ∼ s2(αIP (t)−1)

• in exclusive ρ0 photoproduction at HERA
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HERA e±p Collider at DESY

HERA

PETRA

DORIS

HASYLAB

DESY

Hall EAST (HERMES)

Hall WEST (HERA-B)
Elektrons/Positrons
Protons

H1

ZEUS
e (27 GeV)

p (920 GeV)

• Ee = 27.6 GeV
• Ep = 920 (460) GeV
•
√

s = 319 GeV
• Lint ∼ 0.5 fb−1 per experiment

Days of running

H
E

R
A

 D
el

iv
er

ed
 L

um
in

os
it

y 
/ p

b-1

Status:  1-July-2007

0 500 1000 1500
0

200

400

600
electrons
positrons
low E

HERA-1

HERA-2

[H1 Collaboration]

Arthur Bolz Nov 21, 2018 3 / 13



HERA Bread and Butter: Deep Inealstic ep Scattering

e

e′

γ∗, Z,W±

p

X

kinematics:
• s = (e + p)2

• Q2 = −q2 = (e − e′)2

• Bjorken x =
Q2

2p · q
• (inelasticity y ' Q2/sx)

—– DIS event display —–

tracker

calo
muon

ingoinge p

e'

X

⇒ probe proton structure
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HERA Bread and Butter: Parton Distribution Functions

NC:
d2σe±p

dxdQ
∝

2πα2

xQ4

(
(1 + (1− y)2)F2 − y2FL ∓ xF3

) ⇒ structure functions ↔ pdf: F2 ∝ x
∑

q fq + f̄q

—– Reduced Neutral Current Cross-Section —–
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Diffraction at HERA

e

e′

γ∗

X

LRG

p Y

• “elastic scattering”: Y == p
→ tagging w/ special forward spectrometers
→ exploit beam transport system
• “proton dissociation”: MY > mp
→ tagging w/ forward detectors η . 8

—– diffraction event display —–

tracker
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muon

ingoing

p
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beampipe & 
transport system

forward
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100-200 m
 

forward
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10-100m
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Hadronic Structure of the Photon

—– Vector Meson Dominance —–

γ∗ vector meson

X

IP

p Y

Wγp

• photon → qq̄ fluctuations → bound states
• JPC (γ) = 1−− → vector mesons (ρ, ω, φ, . . . )
• “long lifetime” → can interact strongly

—– Vector Meson Photoproduction —–

W =
√

s photon-proton center of mass energy
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Diffractive ρ0 → π+π− Photoproduction at HERA

e
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• electro- → photoproduction
Q2 = −q2 → 0 GeV with quasi-real γ

• BR(ρ0 → π+π−) ∼ 100%
→ measure π+π− �

ρ, ω, ρ′ ρ, ω, ρ′

P, f2R,
a2R

p(p)

γ(q)

p(p
′ )

π− (k2)

π+(k1)

�ρR, γ

p(p)

γ(q)

p(p′)

π−(k2)

π+(k1)

• other contributions to π+π−

other exchanges, vector mesons,
non-resonant, . . .



π+π− Photoproduction in H1

—– Event Topology —–
• two oppositely charged, central, back-2-back tracks
• pT . 1 GeV: often no signal in calo
• photoproduction: e′ undetected (Q2 . 2 GeV2)
• diffractive scattering: p′ in very forward direction

—– Challenges —–
• trigger: L1 track trigger
• elastic vs proton-dissociation: tag using forward detectors
• Q2 > 0, MY 6= mp : kinematics under-constrained
• tracker acceptance: many (small) backgrounds
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Unfolded Differential π+π− Cross-Sections

—– Reconstructed Events —–

—– Unfolding —–⇒
• correct efficiency, acceptance,
resolution
• subtract backgrounds
• separate elastic/p-dissociation

—– π+π− Cross-Section —–
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• ∼ 7 · 105 selected events
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Extracting the ρ0 Contribution

—– Problem: Irreducible Backgrounds —–
• small contributions but large interference
• separate via line-shape fits to mππ

(model dependent)

• extract ρ0 contribution to fit

dσ(γp → π+π−Y )
dmππ

∝
∣∣∣Aρ,ω + Anon−res

∣∣∣2

⇒ σ(γp → ρ0Y ) ∼
∫ ∣∣∣Aρ∣∣∣2dmππ

—– dσ(γp → π+π−p)/dmππ —–
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dσ(γp → π+π−Y )/dmππ(mππ; Wγp)→ σ(γp → ρ0Y )(Wγp)
—– dσ(γp → π+π−Y )/dmππ(mππ) —–

in 9 elastic Wγp bins
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d2σ(γp → π+π−p)/dmππdt(mππ; Wγp, t)→ α(t)

d2σ(π+π−)/dmdt(mππ)

in Wγp and t bins

cannot be
shared

⇒

dσ(γp → ρ0p)/dt(Wγp , t)

fit dσ/dt ∝W 4(α(t)−1)
γp

cannot be shared

⇒

α(t)

cannot be shared

compare next slide
• α(t) also linear in t channel exchange t < 0. Compare Chew-Frautchi hadron plots.
• (potential deviations at large |t|)
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d2σ(γp → π+π−p)/dmππdt(mππ; Wγp, t)→ α(t)

from [H1prelim-09-016]
dσ(γp → ρ0p)/dt(Wγp , t)

fit dσ/dt ∝W 4(α(t)−1)
γp
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