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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
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Overview

Beam Rates

COmmon Muon and Proton Apparatus

(tertiary) Muon:
for Structure and Spectroscopy 1

— 4.107s~1
located at the CERN SPS (secondary) Hadron (r, K,

—5.108s~1
two stage magnetic spectrometer
— large angular acceptance

data taking since 2002
— up to 580 TByte/year
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Quark Model

@ gq system with J7° composed of s;, s, and L
® X — 7y < Electromagnetic transition .

@ Sensitive to electric (m2(1670) — ) and magnetic SIT a a ls,z
(a2(1320) — 7) quadrupole momentum

E1 [ AJ=1,AP#0 | eg. JSC=1tf 50+

E2 | AJ=2,AP=0 | eg. JFC=2"Ft 5 0T (mp(1670) — 7 )
M1 | AJ=1,AP=0
M2 | AJ=2,AP #0 | eg. JFC=27F 5 0~ (a(1320) — 7 )

Markus Kramer, mkraemer@tum.de — Measurement of the Radiative Widths of a5 (1320) and 75 (1670) at COMPASS



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

&3 Internal Structure mm
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Quark Model

@ gq system with J7° composed of s;, s, and L
® X — 7y < Electromagnetic transition

@ Sensitive to electric (m2(1670) — ) and magnetic SIT a e 15.2
(a2(1320) — 7) quadrupole momentum

L

E1 [ AJ=1,AP#0 | eg. JSC=1tf 50+

E2 | AJ=2,AP=0 | eg. JFC=2"Ft 5 0T (mp(1670) — 7 )
Mi | AJ=1,AP=0
M2 [ AJ=2,AP#0 | eqg. JFC=2tF 0~ F (a(1320) — 7 )

Vector Meson Dominance (VMD) Model

@ The photon is a superposition of the pure electromagnetic
photon v and vector mesons p, w and ¢

® p,w, pand v have JC =1--
@ X = pr > X —> 7y
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&3 Present Status of Radiative Widths m
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@ (a(1320) — 7v)
Vector Meson Dominance Model: 375keV
Relativistic Quark Model: 324 keV
Covariant Oscillator Quark Model: 235keV
@ [(72(1670) — 7)
Covariant oscillator quark model: 335keV /
521 keV

[Rosner, 1981]
[Aznauryan and Ogamesyan, 1988]
[Ishida et al., 1989]

[Maeda et al., 2013]
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&3 Present Status of Radiative Widths m
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Theory

@ (a(1320) — 7v)
Vector Meson Dominance Model: 375keV  [Rosner, 1981]
Relativistic Quark Model: 324keV  [Aznauryan and Ogamesyan, 1988]
Covariant Oscillator Quark Model: 235keV  [Ishida et al., 1989]

@ [(mp(1670) — 7v)
Covariant oscillator quark model: 335keV / [Maeda et al., 2013]

521 keV

Measurements

@ [(ax(1320) — 7y)
May etal. T (a(1320)* — 7%v) = 0.46 +0.11 MeV [May et al., 1977]
E272 M(@(1320)~ — 7~ ) =295+ 60 keV [Cihangir et al., 1982]
SELEX M(@(1320)~ — 7 y) =284 £ 25+ 25keV  [Molchanov et al., 2001]

@ [(72(1670) — 7)
No published results

| \
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&3 Primakoff Reaction m
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Primakoff Reaction
@ 7y decays are difficult to access experimentally
@ Primakoff: Coulomb potential = quasi real photon
@ Use 7y interactions in Primakoff production
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&3 Primakoff Production at COMPASS m
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COMPASS 2004 Run with Hadrons

@ 190GeV 7~ beam on Pb target

@ Small admixture of K~ and p

@ Trigger: Multiplicity

@ ~ 4108 exclusive 77—« events recorded
@ ~1-108for t' < 1073 GeV?/c?

x10°
g f COMPASS 2004 T o COMPASS 2004
I 7"Pb — TTTPh) 3 E TtPb — TETCTTPD
10 <001 GV = 8 = t'<0.001 (GeV/c)?
£ L 7=
F 2 ef
[ -
w E
3 » ac
i e 3
10* g e 2t
F T 15
Lo | | s 4 (U 0EL | | | | | | |
0 4 5 6 7 8 9 10 04 06 08 1 12 14 16 18 2 22 24
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&2 Characteristics of PWA m
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PWA

Isobar model: Intermediate 2-particle decays

Partial waves in reflectivity basis: JP°M< {isobar} L]~
PWA in 40 MeV/c? mass bins

PWA fit to full phase-space

For very low t': M = 0: Diff. Prod, M = 1: Primakoff Prod.

7 (bachelor)

7 (beam)

target
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@) PWA in mass bins (t' < 0.001 GeV?/c?) m
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&) PWA in t' bins (around mg)
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45 2*1p[D]nTotal Intensity ~COMPASS 2004
40 T Pb - T ITPh
126 <m,, < 1.33 GeV/c?

1af. 2 Lf[S|mTotal Intensity  COMPASS 2004
. T Pb - TUTT TP

150 < my, < 1.80 GeV/c]|

for t'< 0.001 (Gev/c): for t' < 0,001 (GeV/c):

Intensity / (MeVZc?)
&
Intensity / (MeV?c?)
S
N

25E Oyinl 0, =097 001 8;% O,/ = 086 0.07
20E 6E v
15E — Fitted Primakoff contribution E Fitted Primakoff contribution
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500 TS x
P AN i F TSN PR e A o e x10° 0‘\\\\\HH\HH\H\ﬁ\\\\\vr—v—'\\“\l\#\\w\\#uxloa
0O 1 2 3 4 5 6 7 8 9 10 0 4 5 6 7 8 9 10
t [(GeVio) t [(GeVic)]
o 20 Py o 20F
8 o A¢ (271 p[D] - 10" p[S|m) n [ o A¢ (27T 1[S|m-2 70" f,[S]m)
4 = + 4 =
g 200 At T ++ g 20F
ﬁ .40i + § -40 E
I £ bt
-60F- o 60 . 4 ++
el COMPASS 2004 -80F N s COMPASS 2004
TCPD — TOTCTCPD -100F ++ + TCPb - TPy
126 <my, < 1.33 GeV/c? 120 :4+ 4 150 < my, < 1.80 GeV/c|
\ | | | | | | | | x10° -140 i | | | | | | | x10°
o 1 2 3 4 5 6 7 8 9 10 0 2 3 4 5 6 7 8 9 10
t' [(GeV/c)] t' [(GeVic)

Markus Krémer, mkraemer@tu Measurement of the Radiative Widths of ap (1320) and 75 (1670) at COMPASS



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

&3 Radiative width and the total cross-section _THTI
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Primakoff production of a broad resonance X from Pion beam

3 2 X /
do . 16(’122 ( m ) ( morﬂ"‘/(m)rflnal(m) t |F(t/)|2 1)
m

o m(g))Z + mgrtotazl(m)2 (ﬂ + tm/")z
with
I, (7)) = fg{’,,"(m) To(X = my)
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&3 Radiative width and the total cross-section _THTI

Primakoff production of a broad resonance X from Pion beam

3 2 § /
do — 16022 ( B m : ) morﬂ"‘/gm)rﬁnal(m) t . |F(t1)|2 1)
dmdt’ m? —mz /) (m2 — m2)% + m2T ot (m)? (¢ + tmin)
with
ey (m) = f¥7(m) - To(X — m7)
Radiative width and the total cross-section
(M (% do Ny /e
O Primakoff = (/mw ./t(fo dmdt’dt dm=To(X = mv) - Cx = L. C& BR el (2)

@ Ny /e: Breit-Wigner fit to the acceptance-corrected PWA intensity

@ Cyx calculated for specific resonance X

@ Luminosity £ determined using decays of beam Kaons K, __ = — ot
1 accounting for experimental resolution
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& a»(1320) T
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x10°

v r COMPASS 2004
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Mo (@2 (1320) — 7v) = 358 & 6 + 42 keV
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&3 2(1670)

x10°

sis  Extraction of Radiative Widths Conclusion Bibliography
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& Conclusion m
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Measurement of radiative widths of a»(1320) and 7(1670) at
COMPASS

@ Reliable extraction of intensities by PWA

® a»(1320) (M2 transition) compatible best with VMD predictions

Mo (82 (1320) — 7y) = 358 £ 6 + 42keV

@ First measurement of m2(1670) (E2 transition)

Mo (2 (1670) — my) = (181 & 11 + 27 keV) - 0.56/BR;, .

@ Paper in preparation
@ Analysis of 7~Ni — 7~ 7%7°Ni measurement in 2009 started
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