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@ Radiative Decays of Mesons X — 7y m
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Investigation of internal structure
@ Quark Models:

qQ systems with J*C

composed of s1, $p, L

X — my < Electromagnetic transition probabilities §11

E1 [ AJ=1,AP+#0 [ eg. JC=1"F 50 F

E2 [ AJ=2,AP=0|eg. JC=2" 50" (m(1670) =)
Mi | AJ=1,AP=0
M2 | AJ=2,AP#0 | eg. JSC=2"T 50 7 (a(1320) — 7)

. Y
@ Vector Meson Dominance Model: *
as P :(\/\N\/\'
p,w,  have same J7° = 1~ like photons =3 >
a
Decay channel X — pm < X — 7y ™o

S. Grabmilller (TUM E18) — Measurement of the Radiative Widths of ap (1320) and 75 (1670) at COMPASS



Introduction  Primakoff Production of ap ) and 75 (1670) Extraction of Radiative Widths

@ Present Status of Radiative Widths

mm

Theory:
@ [(a(1320) — my):

o Vector Meson Dominance Model: 348 keV
o Relativistic quark model: 324 keV
o Covariant oscillator quark model:  235keV
@ [(m2(1670) — m):

o Covariant oscillator quark model:  119keV

Measurements:

@ a»(1320):

o (Mayetal. : [(a(1320)* — n%~) =460+ 110keV)
e E272:

M(a(1320)~ — m~v) =295 £ 60 keV
e SELEX: (@ (1320) — ) = 284 £ 25 + 25keV

@ m(1670): radiative width not published yet

Measurement Technique:

@ 7 decays difficult to access experimentally
— 7y scattering in Primakoff production
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@ 7~Pb — 7#—n—7+tPb Data m
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Pilot Hadron Run 2004

@ 190GeV «~ beam on Pb target
@ Trigger: Multiplicity trigger

@ =~ 4000000 exclusive 37 events
~ 1000000 with
' = |t| — |t|min < 1073 (GeV/c)?
g2 f < COMPASS 2004
5 COMPASS 2004 S A
% B TPb — wwm'Pb = t < 0,001 Gev?ic?
3ot >
[%2]
ZE 10°E 5
E i
10°E
G} SR IS W AR SR WS W W S S E\\\ ol b b b b b L TR
1057001 0,02 0.03 0,04 0.05 0.06 0.07 0.08 0.09 0.1 0704 06 08 1 12 14 16 18 2 22 24
Momentum Transfer t’ (GeV%c?) My, [GeV/c]
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@ Characteristics of PWA at very low ' m
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@ Isobar model: Intermediate 2-particle decays

7 ~(beam)
“

@ Partial wave in reflectivity basis:
PC pper: € = +: natural
J M [ISObar]L parity exchange

@ PWA in mass bins (40 MeV/c?)
Fit of angular dependence of partial waves, &= - unnawal
interferences party exchanee

target recoil

@ Diffractive dissociation (Pomeron exchange)
o o t'M exp(—bt')
— only M = 0 at very low t’

@ Primakoff (photon exchange)
quasi-real y - M =1
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&2 PWA in mass bins (' < 0.001 (GeV/ m
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x10°
S = } COMPASS 2004 ‘“g COMPASS 2004
3 E TtPb - TETCTTPh 3 TtPb — TETCTTPh
s 6 t ' <0.001 GevZ/e? s ' <0.001 Gev?/e?
g st | g
2 e 2
o F 2"*1 pniD o)
£ 3F t £
i oo ax(1320) !
= + t
1= ' 100
C + + £
Or"mH\.‘.'\"T‘\H‘m‘."\"'v..\...mwf.\u.m OF"mHmH\HwH‘mHmH\‘A‘#“&HMW*.
06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 18 2 22 24
Mass of TETETE System (GeV/c?) Mass of TETETE System (GeV/c?)
B L A® (27T pnD-170"pns) COMPASS2004| B 1505 A (27T f,nS-2°0"f,nS) COMPASS2004
=4 = TtPb — TETETCPb =4 = TtPb — TETETCPh
-§) 0 E t < 0,001 GeV/c? -§) 100 E t < 0,001 GeV/c?
Zg E a — a4 { Zg soEm2(M = 1)—ma(M = 0)
£ O ty £
C *H‘ O
-100 $ £
£ 50
-150 “ . £ |
E -100F
200~ *h“o‘ E *H“um
E -150F ﬁ
-250 £
|l L L L L L L L L L L 200’ L L L L L L L L L L
06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 18 2 22 24
Mass of TETETE System (GeV/c?) Mass of TETETE System (GeV/c?)
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@ Extraction from Data mm
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Primakoff Production — Radiative widths

@ Primakoff production of a broad resonance X from pion beam:

Ty (M)
3 2 . ) /-, 7\|2
do _ 16aZz(2J+ 1) M mg dynz(m) - To(X = m) Tina(m) - |F(1')]
dmdt M2 —m2 (M2 — m3)2 + M2l yga(M)? (¥ + tmin)?

@ Radiative width and the absolute cross-section oprimakof:

& do ,
OPrimakoff = At dM =To(X = 7y) - C
s A (X =)

@ Radiative width from the experimentally observed intensity Nx

Fo(X — mv) X/e

e Nyx/e from Breit-Wigner fit to the acceptance-corrected PWA intensity
e Calculation of C for specific resonance
e Luminosity L from the decays of beam K= — 7—n— 7t
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&R a.(1320) L
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x10°

© . COMPASS 2004
3z L 271pnD
% F o /po- =0.97 TtPb - Tt Pb
g 10~ “prim™Fal T t < 0.001 Gev?/c?
AN L ro(az - Ty)
> 98- =293kev
.% C
E o

a-

2-

ol

Mo(@2(1320) — my) = (293 = Sgtar = 265yst) keV
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&2 2(1670)

o x10°
2 1.4*2 1f.71S COMPASS 2004
3 /é =095 TPb - Tt Ph
g 1.2 Oprim i t' <0.001 GeV?c
s [T, -m)
> L =153 keV
o 0.8~
IS r
— 0.6
0.4
0.2 +
O:H"‘mHmumumumumu\ ‘ﬂ'ﬁﬁt
06 08 1 12 14 16 18 2 22 24

m, (GeV/
using BRmoges = 0.56: ar (GV/C)

Fo(m2(1670) — my) = (153 & 10stat &= 21syst) kKeV - BRmoger/ BRtrue
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@ Conclusion Tum
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Measurement of radiative widths at COMPASS
@ Reliable extraction of the intensities by PWA
@ a,(1320) (M2 transition) compatible with results from previous experiments
Mo(a2(1320) — 7y) = (293 = Sstar £ 26syst) keV
@ First number for m2(1670) (E2 transition) available
Fo(m2(1670) — 7y) = (153 =+ 10stat + 21syst) keV - BRmoger/ BRirue
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@ Estimation of uncertainties

|| 2(1320) | m(1670) |

Statistical [ 1.8% | 625% |
Systematic

diff. background 1% 3%

kaon normalization 6% 6%

PWA models 5% 7.7%

BW fits (mass-dep. Parametr.) || 3.7% 8.9%
quadr. added 8.7% 3.5%

o Mo(a2(1320) — mv) = (293 + 5 + 26) keV
@ Mo(m2(1670) — m7) = (153 + 10 + 21) keV - BR/BRjea
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@ From PWA in t’' bins (Ams, around mg) m
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x10° x10°

G 45E 271 spinTow COMPASS 2004 G 2% rIsinTom COMPASS 2004
< 0 TCPb . TETETCPD T 2 T(Pb . TETCTCPD
3 3'5 B 1.26<m,, < 1.38 GeV/c? 3 1,50 < my, < 1.92 GeV/c|
! 2000 51
= VE for t<0.001 GeV/c? : = for t<0.001 GeVZ/c? :
> 25E Oinl0 = 0,97 0,01 > Oinl0 = 0,95 0.03
3 E B
3 20- g
= 15F £
10F
0.5F
0,05 . T x10° x10°
0 1 2 3 4 5 6 7 8 9 10 0O 1 2 3 4 5 6 7 8 9 10
Momentum Transfer t' (GeV?/c?) Momentum Transfer t' (GeV?/c?)
@ 200 oy —y o 60r o o
) o A® (271 pniD - 170" prtS) g ok AD (271 f,mS- 270" f,mS)
g et Hoop o
I £ (O
-40F + o)==
£ % - N e T T 4
-60 L+ -20— ++ +
80 + _a0FE ++
80: “ COMPASS 2004 40: ++* COMPASS 2004
q00E | TtPb - TTTPb 60F TiPb - TTPb
E 1.26 <m,, < 138 GeV/c? 0 ng 150<m,, < 192 GevIc
g
L | | | | | | | | x10° -100F | | | | | | | | x10°
0O 1 2 3 4 5 6 7 8 9 10 0O 1 2 3 4 5 6 7 8 9 10
Momentum Transfer t' (GeV%/c?) Momentum Transfer t' (GeV%/c?)
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&R a.(1320) L
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b 12f1§+3+1 > covmssaoos] | @ T(@ll) from @, — pmand @, —
3 %T 097 TPb — TITITCPh e pr described by [ [+[2dT
= 100 ”22 e“ny) <0001 Gevc o 7w described by F; terms (sharp n)
) - - T .
S 8 =293kev @ wrm and KK decays omitted
2
T gL .
£ 6: (] Usmg CCOMPASS,az ~~ 2759,
a- €resol = 0.74, BR=0.7, CG=0.5
2-
0‘: “““ et Ve
0608 1 12 14 16 18 2 23 34
My, (GeV/c)
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&3 m.(1670) L
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fal
1R

V1 e COMPASS 2004 @ Situation for I'(all) more difficult:
3 Fo B oo TPb — T Pb m2(1670) — 37 ~ 0.96
g 1.2 pnm al t' <0.001 Gev?/c? 31 = {fﬂ. T O (777-() ﬂ-}
g F o, - ) = 2T, PT, ) S
S 1 =153kev but: interference! charged and
2 og neutral??
€ C
06 @ For the moment: just £, decay, also
04F for I'(all)
02t fm described by [ |v|?dr
obe

06 08 1 12 14 16 18 2 22 24 @ Using Ccompass,~, =~ 759,
My, (GeV/c?) €resol = 0.732, BR = 0.56, CG = 2/3

Fo(m2(1670) — 77) = (153 % 10gia; + 21551 keV) - BR/BRyea
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@ Absolute Normalization: Beam K~ Decays m
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Number of reactions (events) = eyin - f Ldt - ops

COMPASS 7~ beam features K~ component
— beam flux from K~ — 7#T7n~ 7~ decays

<1000 - COMPASS 2004 % 160~ COMPASS 2004
NS [ k- Ea—— C k- Tt
3 :K—»TITUI Lﬁlm}Karmn
= 800 F
= C 120
% 600} 100F
i r ; 80F
400~ 60E
2001 40
L 201
| e WLkt O:HH\HHHH\H‘\‘
%A 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 -450 -400 -350 -300 -250 -200
Mass of TETeTT System (GeV/c?) Primary Vertex z Position (cm)
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@ BACKUP: anakoff mass spectrum from statistical subtracti
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b E(t)al\tIIISt{/C/al ;ubtracggn fOI’ Selex, Phys. Lett. B 521(2001), 171-180
eV/c” mass bins _
@ Integrate remaining spectra
fort' < 1072 (GeV/c)?
— nb. of events / mass bin 1000

x10°
§ 10F COMPASS 2004
5 r i TtPb - TCICTCPh
g 8 L JF t <0.001 Gevc?
3 [
3 o } 500
B r +
g L
W L
o} 4: + Jﬁ | +
= [ 4
o 2= * Jr i
& [ . i 0
(T ey + +++ bt ]

cCl v L L

05 1 15 2 25

Mass of TETETT system (GeV/c?)
Fig. 3. M3y mass distribution for the Cu target after subtraction
of diffractive background. The curve shows fit with a sum of pure
Coulomb contribution and smooth background.
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@ Breit-Wigner fits to the total intensities m
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4o B \ M 3 m(z) ['(71'7) r(final)
an = 16aZ°(2J 4+ 1) (M2 — mgr) (M2 — m2)2 + m2T (all)?

with T (7y) = dyn(7y) - To(X — 7), [ (final) = dyn(w{isob}) - o(X — w{isob})
= Z Fon Cn dyn(n) with Top = Fp(mo)

komy FE(K) oo /
ayn() = — — or (incl. widths) dyn() = — D dr
yn() k m F2(ko) ( ) dyn() = v (/sob}L|
[ Phase spaceofa, — pmt | Phase spaceof i, - f,
3 2
25 18
16
2 14
12

0.8

-

0.4
0.2

0.

o

-
o«

T[T T[T T[T [TIT T[T
e

25 | X 25
m.. [GeV/c] | m.. [GeVic]]

ofrrT
@
-
-
o
~
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Pb

now additionally included (examples):

S ea - S A

Pb

Pb
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@ BACKUP: Beam K~ decays from data and MC m
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51000~ COMPASS 2004 £ 160F COMPASS 2004
E K~ mnemt & 140}K - T

800 E
(=3 1201
% 600 100
@ 80F

400 60F

200 “

20F
E . . |
%4 042044045048 05 052054055058 0.6 -450 -400 -350 -300 -250

Mass of Terere System (GeV/c?) Primary Vertex z Position (cm)

@ N(K™) = 7730 in 80 cm window around target
@ £ =19,55.10* events/mb (measured)

5000 = COMPASS 2004 MC,

g

< £
< g F
3 K™ - 77 u>.|1200’
im’ 1000
23000 E
i £

i

\
94042 044 0.460.48 05 052 054056 058 06 E 300 250 -
Mass of Terem* System (GeV/c?) Primary Vertex z Position (cm)

T

g
8

@ Cuts as for real data: Exclusivity, ', trigger, kaon mass, vertex position
@ Acceptance ~ 0.459
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10° x10°
< E o COMPASS2004| ©  7F | COMPASS 2004
3 9F ' mwPb . Py | B TtPb - TTCTCPD
s 80;— + t <0001 Gev?ic® s 6; } <0001 Gev?ic®
g 7oF ’ g st ,
& ig? ' 10 ptS |5 af 21" prD
£ E . 1S E +
s0p 3 ~ — ai(1260) i3 , — a(1320)
201 . E [
E |l +
10F . . 1 L ',
E " tatleeeal 0: R | W e e tals b
06 08 l 12 14 16 18 2 22 24 06 08 l 12 14 16 18 2 22 24
Mass of TETETE System (GeV/c?) Mass of TETETE System (GeV/c?)
x10°
€ 'F2oims COMPASS2004| G goof 21" f,mS COMPASS 2004
> E t' mPb - P > E TPb - TTCTtPh
g E’ﬁ 71—2(1 670) ' <0.001 GeV/c? % 70 7T2(1 670) M = 1 t < 0,001 Gevc?
8 st * f 8 600¢
= E f = E
2 4 N 2 500 | ’
Pl B |
= W = 300
20 t X 200 \ H
j 4 + E
) 10 * i
okt i | \"a'\ o) ! | | | Lot b
06 08 l 12 14 16 18 2 22 24 0.6 08 l 12 14 16 18 2 22 24
Mass of TETETT Svstem (GeV/cA Mass of TETET Svstem (GeV/cA
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@ BACKUP: Phases between selected waves m
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B L AP (27T pnD-170"pns) COMPASS2004| B 2005 A (270°f,mS- 170" pns)  COMPASS2004
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50 } g
& £ that { £ 50
-100( st E .
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250F M E
= 4 -50F
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@ BACKUP: Intensities of selected waves, t' < 0.001 (GeV /jﬂ.lTl

x10% x10°
< F COMPASS2004| G . F 1*I" priP COMPASS 2004
© L P
S o \ mPb - P | > 185 | TPb - TCTCTTPD
6 © E
s E t < 0.001 GevZ/c? = 16 t < 0,001 Gevi/c?
g s5- { g 14-
A s 12 | |
g f rres | B 1 :
2 s d en £ os[ | { H
2 “ . d 06 \ N * *
na \ + o 04 TR
£ to 02 + { bt + + M
ok + | A S T PN SO ‘:H\H‘W*H\Hm"‘\‘?"\"H\Hfm“ﬂﬂ'..o\_
06 08 1 12 14 16 15 2 2533 06 08 1 12 14 16 18 2 22 24
Mass of TETETT System (GeV/c?) Mass of TETETT System (GeV/c?)
1*tt1% candidate for 1~T1" some
Primakoff-produced a;(1260) ? spin-exotic resonance ?
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B 3s0F A0 ("1 pnsS-170'pns)  COMPASS2004| @ 350E Ao (11 priP-170"pnS) ~ COMPASS2004
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@ BACKUP: Partial Wave Analysis Formalism T
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@ Mass-independent PWA (narrow mass bins):

Cimaep(r M) = 5 555 Tere (2 (r, m) /\JJ @) Raes/f v (e, mRar

e=t1r=11] i

2

@ Production strenght assumed constant in single bins
e Decay amplitudes v; (7, m), with ' dependence £¢(t')
@ Production amplitudes T¢ — Extended log-likelihood fit
@ Acceptance corrections included
@ Spin-density matrix: pj = > T T
r

— Physical parameters:
Intens? = p§,
relative phase ¢

Coh ;= /(Re pj)? + (Im p})? / /75

o Mass—dependent Xz-fit (not presented here).

o X parameterized by Breit-Wigner (BW) functions
e Background can be added
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