
Measurement of Exclusive ρ0 Meson Photoproduction at HERA

—– Contents —–
• π+π− photoproduction at HERA
• modelling of the mππ spectrum
• extraction of the σ(γp → ρ0Y ) energy dependence
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Diffractive ρ0 → π+π− Photoproduction at HERA
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• electro- → photoproduction
Q2 = −q2 → 0 GeV with quasi-real γ

• measure π+π−

BR(ρ0 → π+π−) ∼ 100%

• γp c.m. energy Wγp =
√

(q + p)2

dσ/dt ∼W 4(αIP(t)−1)
γp → slow rise due to soft IPomeron exchange

• momentum transfer at p-vertex t = (p − p′)2

dσ/dt ∼ exp(−b|t|) → steeply falling

γp → π+π−p′ kinematics:
Wγp =

√
2Ep(Ep − pz,ππ)

t = −p2
T ,ππ

among highest HERA cross-sections



Diffractive ρ0 → π+π− Photoproduction at HERA
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• proton dissociation
p′2 = M2

Y > m2
p → dominates at large |t|

�
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• other contributions to π+π−

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



Detecting π+π− Photoproduction

—– 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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Data-Set - MC Modelling

•
√

s = 319 GeV 2006/2007 positron data set
• L ' 1.3 pb−1 (downscaled)

• ∼ 7 · 105 selected π+π− events

mππ
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—– Modelling by DiffVM MC —–
• π+π− signal: elastic & proton-dissociative

→ tuned to data in Wγp , mππ , t
→ models also ω, non-resonant → π+π− contributions

• backgrounds:
→ ω → π+π−π0

→ φ→ K+K−, KSKL, π
+π−π0, ρπ, ηγ

→ ρ′ → ρππ, ππππ
→ γ-dissociation → hadrons via JETSET

• proton-dissociation:
→ dσγp/dM2

Y ∝ (1/M2
Y )δ ⊗measured resonance structure

→ MY < 1.9 GeV : N∗ resonance with measured decay channels
MY > 1.9 GeV : p′ → hadrons via JETSET

—– Phasespace: —–
15 GeV ≤ Wγp ≤ 100 GeV
0.3 GeV ≤ mππ ≤ 1.5 GeV

p2
T ,ππ ∼ |t| ≤ 2 GeV2

(Q2 . 2 GeV2)
(MY . 10 GeV)
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Data-Set - Control Plots
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π+π− Cross-Section Determination

—– Differential Cross-Section Definition —–

dσ(γp → π+π−Y )
dmππ

(Wγp ,mππ) =
NY
unfolded(Wγp ,mππ)

Lint ∆mππ Φγ/e(Wγp)∗

—– Reduced Fiducial Phasespace —–

20 GeV ≤ Wγp ≤ 80 GeV
0.4 GeV ≤ mππ ≤ 1.2 GeV

−t ≤ 1.5 GeV2

Q2 ≤ 0.1 GeV2

elastic:
MY = mp GeV

p-dissociative:
mp < MY ≤ 10 GeV

∗bin-wise, no bin-center correction!
photon-flux Φγ/e (Wγp) using Weizsäcker-Williams

—– Unfolding Particle Level Cross-Sections: —–
• subtract backgrounds
• correct signal for detector efficiency and resolution
• separate elastic from p-dissociative contributions

• regularized template fit using TUnfold
response matrix schematic:

reconstruction lvl bins

!rec no tag single tag multi tag bkg1 bkgN
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• p-dissociation separated using 3 tagging control regions
• (MC) backgrounds normalized in 4 control regions

• regularize curvature to minimize global correlations
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dσ(γp → π+π−Y )/dmππ vs mππ & Fiducial π+π− Cross-Section
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← unfold 1D mππ distribution

—– Fiducial Cross-Section: —–
σ[µb] stat.[µb] syst. [µb]

γp → π+π−p 11.36 ±0.04 ±1.17∗
γp → π+π−Y 5.17 ±0.04 ±0.94∗

∗not fully evaluated

—– Main Sources of Uncertainty: —–
• trigger
• forward tagging
• calorimeter
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Extracting σ(γp → ρ0Y ) by Fitting mππ Distribution

dσπ+π−

dmππ
(mππ) =

N
(1 + fω + fnr )2

·
∣∣∣RBWρ(mππ) + fωeiφωRBWω(mππ) + fnr eiφnr

Bnr (mππ)
Bnr (mρ)

∣∣∣2
—– Extended Söding Model —–
• ρ0, ω(782) and non-resonant contributions

• added on amplitude level including global phase
differences φω , φnr

• ρ0 and ω modelled by relativistic Breit-Wigner with
mass-dependent width:

RBWVM(mππ) =

√
mππmVMΓ(mππ)

m2
ππ −m2

VM + imVMΓ(mππ)

• non-resonant background model:

Bnr =
( mππ − 2mπ

(mππ − 2mπ)2 + Λ2
nr

)δnr

• ρ0 dominant, but significant interference contributions
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Extracting σ(γp → ρ0Y ) by Fitting mππ Distribution

• elastic & p-dissociative fit together
• different non-resonant contributions → shape differences
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fitted parameters:
mρ0 = 771± 1 (stat.) MeV
Γρ0 = 150± 1 (stat.) MeV

systematic uncertainties not fully evaluated
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dσ(γp → π+π−Y )/dmππ(mππ; Wγp)→ σ(γp → ρ0Y )(Wγp)

unfold 2D mππ ⊗Wγp distribution→
dσ(γp → π+π−Y )/dmππ(mππ) in 16 elastic Wγp bins
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dσ(γp → π+π−Y )/dmππ(mππ) in 8 proton-dissociative Wγp bins
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—– σ(γp → ρ0Y ) —–
• parallel fit of 1D dσ(γp → π+π−Y )/dmππ(mππ) in Wγp bins
• many model parameters Wγp-independent

(no significant dependence observed)

• integrate out ρ0 contribution:

σρ0 :=
∫ mρ+5Γρ

2mπ

∣∣∣RBWρ(mππ)
∣∣∣2dmππ



σ(γp → ρ0Y )(Wγp)
elastic
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• all cross-sections from fit function integral
• proton dissociative cross-section shaped by
phase-space restrictions

proton dissociative

 [GeV] pγW

20 30 40 50 60 70 80
b

]
µ

 Y
) 

[
­

π
+

π 
→

 p
 

γ(
σ

0

2

4

6

8

10

­
π+π

0ρ

non­resonant

­
π+π

0ρ

non­resonant

H1 Preliminary
2 < 0.1 GeV2Q

 10 GeV≤ Y < Mpm

 < 1.53 GeV­
π

­
π0.28 GeV < m

Arthur Bolz July 5, 2018 12 / 14



Summary
—– Comparison w/ Previous Measurements —–
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fixed target
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ZEUS 1995, 1998
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 < Mpm

data

H1 Preliminary
2 < 0.1 GeV2Q

 < 1.53 GeV­
π

­
π0.28 GeV < m —– π+π− Data-Set —–

analysed large H1 π+π− photoproduction data-set

—– π+π− Cross-Sections —–
extracted differential π+π− cross-sections vs. mππ ,
full unfolding allows to correct under-constrained kine-
matics, extrapolate to small Q2, and
separate the elastic from the proton-dissociative compo-
nent

—– ρ0 Cross-Sections —–
applied extended Söding model to π+π− cross-sections
ρ0, ω, non-resonant π+π− and interferences considered
allows to extract ρ0 cross-sections, Wγp dependence
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Advertisment for Poster #92: Higher Mass ρ′ Resonance(s)
• further ρ resonances have been observed at higher mππ

• also present in H1 data in extended range mππ ≤ 2.2 GeV
• see also poster #92:

Exclusive Photoproduction of 2π+2π− Final State at HERA
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no evidence for ρ(1450)

• fit extended Söding model with 3. Breit-Wigner
to consider single ρ′ contribution

• elastic & p-dissociative fit together
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Fit Elastic dσ(γp → π+π−p)/dmππ (mππ) in Wγp Bins
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Fit Elastic dσ(γp → π+π−p)/dmππ (mππ) in Wγp Bins
b
/G

e
V

]
µ

 p
)/

d
m

 [
­

π
+

π 
→

 p
 

γ(
σ

d

0

20

40

60

80 data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

 [GeV]­
π+π

m
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

b
in

d
a

ta
/<

fi
t>

0.8

1

1.2

H1 Preliminary
2 < 0.1 GeV2Q

p = mYM

 [GeV] < 40 pγ
37 < W

b
/G

e
V

]
µ

 p
)/

d
m

 [
­

π
+

π 
→

 p
 

γ(
σ

d

0

20

40

60

80
data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

 [GeV]­
π+π

m
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

b
in

d
a

ta
/<

fi
t>

0.7

1

1.3

H1 Preliminary
2 < 0.1 GeV2Q

p = mYM

 [GeV] < 54 pγ
50 < W

b
/G

e
V

]
µ

 p
)/

d
m

 [
­

π
+

π 
→

 p
 

γ(
σ

d 0

20

40

60

80 data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

 [GeV]­
π+π

m
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

b
in

d
a

ta
/<

fi
t>

0.7

1

1.3

H1 Preliminary
2 < 0.1 GeV2Q

p = mYM

 [GeV] < 59 pγ
54 < W

b
/G

e
V

]
µ

 p
)/

d
m

 [
­

π
+

π 
→

 p
 

γ(
σ

d

­10

0

10

20

30

40

50

60

70

80
data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

 [GeV]­
π+π

m
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

b
in

d
a

ta
/<

fi
t>

0.8

1

1.2

H1 Preliminary
2 < 0.1 GeV2Q

p = mYM

 [GeV] < 43 pγ
40 < W

b
/G

e
V

]
µ

 p
)/

d
m

 [
­

π
+

π 
→

 p
 

γ(
σ

d

0

20

40

60

80
data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

 [GeV]­
π+π

m
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

b
in

d
a

ta
/<

fi
t>

0.7

1

1.3

H1 Preliminary
2 < 0.1 GeV2Q

p = mYM

 [GeV] < 66 pγ
59 < W

b
/G

e
V

]
µ

 p
)/

d
m

 [
­

π
+

π 
→

 p
 

γ(
σ

d 0

20

40

60

80
data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

 [GeV]­
π+π

m
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

b
in

d
a

ta
/<

fi
t>

0.8

1

1.2

H1 Preliminary
2 < 0.1 GeV2Q

p = mYM

 [GeV] < 46 pγ
43 < W

b
/G

e
V

]
µ

 p
)/

d
m

 [
­

π
+

π 
→

 p
 

γ(
σ

d

0

20

40

60

80

100
data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

 [GeV]­
π+π

m
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

b
in

d
a

ta
/<

fi
t>

0.7

1

1.3

H1 Preliminary
2 < 0.1 GeV2Q

p = mYM

 [GeV] < 80 pγ
66 < W

b
/G

e
V

]
µ

 p
)/

d
m

 [
­

π
+

π 
→

 p
 

γ(
σ

d 0

20

40

60

80 data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

data

  ­ . uncert.

fit function

)0ρ   ­ rel. BW(

   ­ non­resonant

)ω   ­ rel. BW(

   ­ interference terms

 [GeV]­
π+π

m
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

b
in

d
a

ta
/<

fi
t>

0.8

1

1.2

H1 Preliminary
2 < 0.1 GeV2Q

p = mYM

 [GeV] < 50 pγ
46 < W

Arthur Bolz July 5, 2018 16 / 14



Fit p-Dissociative dσ(γp → π+π−Y )/dmππ (mππ) in Wγp Bins
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