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The COMPASS Experiment
Overview

Overview
COmmon Muon and Proton Apparatus
for Structure and Spectroscopy 1

located at the CERN SPS

two stage magnetic spectrometer
→ large angular acceptance

data taking since 2002
→ up to 580 TByte/year

Beam Rates
(tertiary) Muon:
→ 4·107s−1

(secondary) Hadron (π, K, ...):
→ 5·106s−1
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Internal Structure

Quark Model

qq̄ system with JPC composed of s1, s2 and L

X → πγ ⇔ Electromagnetic transition

Sensitive to electric (π2(1670) → π) and magnetic
(a2(1320) → π) quadrupole momentum

E1 ∆J = 1, ∆P 6= 0 e.g. JPC = 1++ → 0−+

E2 ∆J = 2, ∆P = 0 e.g. JPC = 2−+ → 0−+ (π2(1670)→ π )
M1 ∆J = 1, ∆P = 0
M2 ∆J = 2, ∆P 6= 0 e.g. JPC = 2++ → 0−+ (a2(1320)→ π )

Vector Meson Dominance (VMD) Model

The photon is a superposition of the pure electromagnetic
photon γ and vector mesons ρ, ω and φ

ρ, ω, φ and γ have JPC = 1−−

X → ρπ ↔ X → πγ
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Present Status of Radiative Widths

Theory
Γ(a2(1320)→ πγ)

Vector Meson Dominance Model: 375 keV [Rosner, 1981]
Relativistic Quark Model: 324 keV [Aznauryan and Ogamesyan, 1988]
Covariant Oscillator Quark Model: 235 keV [Ishida et al., 1989]

Γ(π2(1670)→ πγ)
Covariant oscillator quark model: 335 keV /

521 keV
[Maeda et al., 2013]

Measurements
Γ(a2(1320)→ πγ)

May et al. Γ(a2(1320)± → π±γ) = 0.46± 0.11 MeV [May et al., 1977]
E272 Γ(a2(1320)− → π−γ) = 295± 60 keV [Cihangir et al., 1982]
SELEX Γ(a2(1320)− → π−γ) = 284± 25± 25 keV [Molchanov et al., 2001]

Γ(π2(1670)→ πγ)
No published results
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Primakoff Reaction

Primakoff Reaction
πγ decays are difficult to access experimentally
Primakoff: Coulomb potential⇒ quasi real photon
Use πγ interactions in Primakoff production
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Primakoff Production at COMPASS

COMPASS 2004 Run with Hadrons
190 GeV π− beam on Pb target
Small admixture of K− and p̄
Trigger: Multiplicity
≈ 4 · 106 exclusive π−π−π+ events recorded
≈ 1 · 106 for t ′ < 10−3 GeV2/c2
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Characteristics of PWA

PWA
Isobar model: Intermediate 2-particle decays
Partial waves in reflectivity basis: JPCMε {isobar} [L]π

PWA in 40 MeV/c2 mass bins
PWA fit to full phase-space
For very low t ′: M = 0: Diff. Prod, M = 1: Primakoff Prod.
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PWA in mass bins (t ′ < 0.001 GeV2/c2)
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PWA in t ′ bins (around m0)
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Radiative width and the total cross-section

Primakoff production of a broad resonance X from Pion beam
dσ

dmdt ′
= 16αZ 2

(
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Γπγ(m) = f dyn

πγ (m) · Γ0(X → πγ)

Radiative width and the total cross-section

σPrimakoff =

∫ m2

m1

∫ t′2

t′1=0

dσ
dmdt ′

dt ′dm = Γ0(X → πγ) · CX =
Nx/ε

L · CG2 · BR · εresol
(2)

Nx/ε: Breit-Wigner fit to the acceptance-corrected PWA intensity

CX calculated for specific resonance X

Luminosity L determined using decays of beam Kaons K−beam → π−π−π+

εresol accounting for experimental resolution
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π2(1670)
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Conclusion

Measurement of radiative widths of a2(1320) and π2(1670) at
COMPASS

Reliable extraction of intensities by PWA
a2(1320) (M2 transition) compatible best with VMD predictions

Γ0 (a2 (1320)→ πγ) = 358± 6± 42 keV

First measurement of π2(1670) (E2 transition)

Γ0 (π2 (1670)→ πγ) = (181± 11± 27 keV) · 0.56/BRf2π

Paper in preparation
Analysis of π−Ni→ π−π0π0Ni measurement in 2009 started

Markus Krämer, mkraemer@tum.de — Measurement of the Radiative Widths of a2(1320) and π2(1670) at COMPASS 14/15



Outline Introduction Primakoff Production Partial-Wave Analysis Extraction of Radiative Widths Conclusion Bibliography

Bibliography I

[Aznauryan and Ogamesyan, 1988] Aznauryan, I. G. and Ogamesyan, K. A. (1988).
Sov. J. Nucl. Phys., 47:1097.

[Cihangir et al., 1982] Cihangir, S., Berg, D., Biel, J., Chandlee, C., Collick, B., Droege, T., Ferbel, T., Heppelmann, S., Huston, J., Jensen, T., Jonckheere, A., Joyce, T., Koehler, P.,
Lobkowicz, F., Makdisi, Y., Marshak, M., McLaughlin, M., Nelson, C., Ohshima, T., Peterson, E., Ruddick, K., Shupe, M., Slattery, P., Thompson, P., and Zielinski, M. (1982).
Radiative width of the a2(1310).
Physics Letters B, 117(12):119 – 122.

[Ishida et al., 1989] Ishida, S., Yamada, K., and Oda, M. (1989).
Radiative decays of light-quark s- and p-wave mesons in the covariant oscillator quark model.
Physical Review D, 40(5):1497–1512.

[Maeda et al., 2013] Maeda, T., Yamada, K., Oda, M., and Ishida., S. (2013).

Radiative π±γ transitions of excited light-quark mesons in the covariant oscillator quark model.
arXiv:1310.7507.

[May et al., 1977] May, E., Abramson, J., Andrews, D., Busnello, R., Harvey, J., Lobkowicz, F., Nelson, C., Singer, M., Thorndike, E., and Nordberg, M. (1977).

Photoproduction of ηπ± resonances.
Physical Review D, 16(7):1983–1985.

[Molchanov et al., 2001] Molchanov, V., Alkhazov, G., Atamantchouk, A., Balatz, M., Bondar, N., Casey, D., Cooper, P., Dauwe, L., Davidenko, G., Dersch, U., Dolgolenko, A., Dzyubenko, G.,
Edelstein, R., Emediato, L., Endler, A., Engelfried, J., Eschrich, I., Escobar, C., Evdokimov, A., Ferbel, T., Filimonov, I., Garcia, F., Gaspero, M., Giller, I., Golovtsov, V., Gouffon, P., G, E.,
Hammer, C., He, K., Iori, M., Jun, S., Kaya, M., Kilmer, J., Kim, V., Kochenda, L., Konorov, I., Kozhevnikov, A., Krivshich, A., Kr, H., Kubantsev, M., Kubarovsky, V., Kulyavtsev, A.,
Kuropatkin, N., Kurshetsov, V., Kushnirenko, A., Kwan, S., Lach, J., Lamberto, A., Landsberg, L., Larin, I., Leikin, E., Li, Y., Luksys, M., Lungov, T., Maleev, V., Mao, D., Mao, C., Mao, Z.,
Mathew, P., Mattson, M., Matveev, V., McCliment, E., Moinester, M., Morelos, A., Mukhin, V., Nelson, K., Nemitkin, A., Neoustroev, P., Newsom, C., Nilov, A., Nurushev, S., Ocherashvili, A.,
Onel, Y., Ozel, E., Ozkorucuklu, S., Penzo, A., Petrenko, S., Pogodin, P., Procario, M., Prutskoi, V., Ramberg, E., Rappazzo, G., Razmyslovich, B., Rud, V., Russ, J., Schiavon, P., Simon,
J., Sitnikov, A., Skow, D., Slattery, P., Smith, V., Srivastava, M., Steiner, V., Stepanov, V., Stutte, L., Svoiski, M., Terentyev, N., Thomas, G., Uvarov, L., Vasiliev, A., Vavilov, D., Verebryusov,
V., Victorov, V., Vishnyakov, V., Vorobyov, A., Vorwalter, K., You, J., Zhao, W., Zheng, S., Zhu, Z., Zielinski, M., and Zukanovich, R. (2001).
Radiative decay width of the a2(1320) meson.
Physics Letters B, 521(34):171 – 180.

[Rosner, 1981] Rosner, J. (1981).
Decays of l = 1 mesons to γπ, γρ, and γγ .
Physical Review D, 23(5):1127–1133.
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