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γp → π+π−π+π−p data

ρ(1450)&ρ(1700)/ρ(1570)→ π+π−π+π−

AA→ AAπ+π−π+π−

*M.KG and J.Daniel Tapia Takaki,
Exclusive Four-pion Photoproduction in Ultra-peripheral Heavy-ion Collisions at RHIC and LHC Energies,
Acta Phys.Polon. B51 (2020) 6, 1393-1404
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INTRODUCTION

π+π−π+π− CHANNEL

γp → π+π−π+π−p

γp → ρ0(770)π+π−p

γp → a1(1260)πp

γp → a2(1320)πp

γp → ρ′p

γp → ∆++(1236)π+π−π+

γp → ∆++(1236)ρ0(770)π+

γp → ∆0(1236)π+π+π−
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NEW DATA

STAR Collaboration, B.I. Abelev et al.
Observation of π+π−π+π− Photoproduction in Ultra-Peripheral Heavy Ion
Collisions at STAR,
Phys.Rev. C81 (2010) 044901
←Fig. from Phys.Rev. C89 (2014) 024912,
M. KG and A. Szczurek,
Double-scattering mechanism in the exclusive
AA→ AAρ0ρ0 reaction in ultrarelativistic collisions
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H1 DATA

VDM-REGGE MODEL

σtot (Vp) = α1W−δ1
γp + α2W δ2
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H1 DATA THE ρ(1570) VS ρ(1450) AND ρ(1700) MESONS

(Fig. from H1prelim-18-011)
(Fig. from H1prelim-18-011)

DECAY MODE

M4π = 1.6 GeV
or

M4π = 1.45 GeV & M4π = 1.7 GeV
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H1 DATA THE ρ(1570) VS ρ(1450) AND ρ(1700) MESONS

RESONANCES SKETCH PDG

MY CALCULATION

m [GeV] Γ [GeV] Γ (e+e−) [keV]
ρ(1570)

1.57± 0.07 0.144± 0.09 0.35− 0.5∗

ρ(1450) ≡ ρ′

1.465± 0.025 0.40± 0.05 4.3− 10
ρ(1700) ≡ ρ′′

1.72± 0.02 0.25± 0.01 6.30− 8.9
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THE ρ(1570) VS ρ(1450) AND ρ(1700) MESON V → e+e− WIDTH

e+e− CHANNEL

ρ(1450)

Γ (ρ′ → ηρ)× Γ (ρ′ → e+e−)
Γ 2

tot

= 7.3× 10−7

= 4.3× 10−7

Γ (ρ′ → ηρ)
Γtot

< 0.04

Γ (ρ′ → e+e−) > 7.28 keV

> 4.3 keV

Γ (ρ′ → ωπ)× Γ (ρ′ → e+e−)
Γ 2

tot

= 2.1× 10−6

= 5.3× 10−6

Γ (ρ′ → ωπ)
Γtot

≈ 0.21

Γ (ρ′ → e+e−) ≈ 4.3 keV

≈ 10 keV

Γ (ρ′ → e+e−) = (4.3− 10) keVρ(1570)
Γ (ρ′′ → φπ)× Γ (ρ′′ → e+e−)

Γtot
= 3.5 eV

< 70 eV
Γ (ρ′′ → φπ)

Γtot
< 0.01

Γ (ρ′′ → e+e−) > 0.35 keV

Γ (ρ′′ → e+e−) = (0.35− 0.5) keV

ρ(1700)
Γ (ρ(1700)→ e+e−) = 7.6± 1.3 keV

*2019 Review of Particle Physics
M. Tanabashi et al. (Particle Data Group),

Phys. Rev. D98, 030001 (2018) and 2019 update
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COHERENT ρ PHOTOPRODUCTION

PHOTOPRODUCTION ON AU AND PB NUCLEI
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NUCLEAR CALCULATIONS

TOTAL CROSS SECTION
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NUCLEAR CALCULATIONS

√
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√
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RATIO: σ(4π)/σ(ρ)
process |y | < 10 |y | < 1

ρ′ → 2(π+π−) (2.1 - 2.8) % (1.9 - 2.5) %
ρ′′ → 2(π+π−) 1.2 % 1.3 %

ρ(1570)→ 2(π+π−) (5.8 - 6.2) % 8.2 %
ρ0(770)→ 2(π+π−) 6.8 % 2.54 %

RHIC (Phys. Rev. C81 (2010) 044901) (13.4 ± 4.5) % (16.4 ± 5.3) %
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NUCLEAR CALCULATIONS

PBPB→ PBPB π+π−π+π− @
√

sNN = 5.5 TEV

TOTAL CROSS SECTION IN MB

process |y | < 10 |y | < 1 |y | < 2.4 2.5 < y < 4 2 < y < 5
ρ0(770)→ π+π− 5 015 930 2390 620 1203
ρ′ → 2(π+π−) 138-185 24-33 63-84 17-23 36-48
ρ′′ → 2(π+π−) 114 23 58 16 29

ρ(1570)→ 2(π+π−) 582-589 121-122 306-307 77-78 148-150
ρ0(770)→ 2(π+π−) 144 11 30 12 30

CERN Yellow 16 190 14 92
Rep.Monogr. (2019) 1159-1410

RATIO: σ(4π)/σ(ρ)
process |y | < 10 |y | < 1 |y | < 2.4 2.5 < y < 4 2 < y < 5

ρ′ → 2(π+π−) ≈ 3.7 % ≈ 3 % ≈ 3 % ≈ 3.2 % ≈ 3.5 %
ρ′′ → 2(π+π−) 2.3 % 2.4 % 2.4 % 2.6 % 2.4 %

ρ(1570)→ 2(π+π−) ≈ 11.6 % 13 % 12.8 % 12.5 % 12.4 %
ρ0(770)→ 2(π+π−) 2.9 % 1.2 % 1.2 % 1.9 % 2.5 %
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PHOTOPRODUCTION DATA VS THEORETICAL RESULTS

H1 predictions→ R = σ(γp→2π+2π−p)
σ(γp→π+π−p) ≈ 9%

10 210
 (GeV)pγ

W

0

0.1

0.2

0.3

0.4

0.5P
b
) 

+
π

+
π 

→
P

b
 

γ(
σ

P
b
) 

/
+

π
+

π
+

π
+

π 
→

P
b
 

γ(
σ

H1 prelim.

’’
ρ+

’
ρ

­
π2+π2→(1570)ρ

­
π2+π2→(1450)

’
ρ

­
π2+π2→(1700)

’’
ρ

­
π2+π2→(770)0ρ

Heavy-ion collisions:
X ω = mV

2 e±y

X W =
√

2ω
√

sNN

————————————-
ü
√

sNN = 200 GeV
ρ(1570) &
y = ±4→W = (2/120) GeV
&y = 0→W = 18 GeV

ü
√

sNN = 5.02 TeV
ρ(1570) &
y = ±4→W = (12/650) GeV
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COHERENT ρ PHOTOPRODUCTION

INVARIANT MASS DISTRIBUTION

0.5 1 1.5 2 2.5 3 3.5

 (GeV)
π4M

2−10

1−10

1

10

210

 (
m

b
/G

e
V

)
π

4
/d

M
σ

d

|<1
π

STAR; |y

’’
ρ+’ρ

­
π2+π2→(1570)ρ

­
π2+π2→(1450)’

ρ

­
π2+π2→(1700)’’

ρ

σ(AA→ AAV → AAπ+
π
−
π

+
π
−
, yV ) = C ×

×
[
σ(AA→ AAV → AAπ+

π
−
π

+
π
−; yπ1 yπ2 )

× σ(AA→ AAV → AAπ+
π
−
π

+
π
− ; yπ3 yπ4 )

C - includes Breit-Wigner formula

A = ABW

√
mmVΓ (m)

m2 − m2
V

+ imVΓ (m)
+Abkg

Γ (m) = ΓV
mV

m

(
m2 − 4m2

V

m2
V
− 4m2

π

) 3
2

ρ(1570) describes the data

4π IN UPC UPC2023 PLAYA DEL CARMEN, 11-16 DEC 2023 12 / 13

THE HENRYK NIEWODNICZAŃSKI

INSTITUTE OF NUCLEAR PHYSICS
POLISH ACADEMY OF SCIENCES



CONCLUSION

The γp → 2π+2π−p reaction is interesting from the point of view of
resonance production
A new preliminary H1 data1 gives an opportunity to analysis
the ρ→ 2π+2π− decay
Description of σ(γp → Xp), σ(γA→ VA), ratio 2π+2π−/π+π−

and nuclear cross section
The usage of ρ(1570) resonance more accurate than incoherent
sum of ρ(1450) & ρ(1700)
Future:

Gluon saturation
1→ 4π exact kinematics
new experimental data for UPC

Gracias!

1H1 Collaboration, S. Schmitt, Exclusive Photoproduction of 2π+2π− at HERA.
(DIS 2018): Port Island, Kobe, Japan, April 16-20, 2018
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