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@ Meson Spectroscopy at Low Momentum Transfer L

Technische Universitat Miinchen

Motivation for Analysis

Meson spectrum at low momentum transfer ’x"
@ Two production mechanisms H
@ a,(1320) resonance in detail: wpo:
@ in photon-pion process — I'(a2(1320) — ) '

@ in diffractive (pomeron) production

o interference effect chiral contribution

@ More radiative couplings (heavier mesons?) to 3 production in
. . 7y scattering
@ Test of ChPT at low masses (chiral diagrams)
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@ Meson Spectroscopy at Low Momentum Transfer L

Technische Universitat Miinchen

Motivation for Analysis

Meson spectrum at low momentum transfer

@ Two production mechanisms

@ a,(1320) resonance in detail:
@ in photon-pion process — I'(a2(1320) — )
@ in diffractive (pomeron) production
e interference effect

chiral contribution
@ More radiative couplings (heavier mesons?) to 3 production in

@ Test of ChPT at low masses (chiral diagrams) 7 scattering

Challenges and Opportunities in the light (u,d) Quark Sector

@ High density of states; broad, overlapping states
@ Exploit interference effects — phase motion

@ Requires high statistics, complete PS coverage

— COMPASS can contribute significantly in the low mass region
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&2 COMPASS 2004 Pilot Hadron Run m
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Experimental Setup

Beams

@ COmmon Muon and Proton Apparatus for
Structure and Spectroscopy

Located at CERN's SPS
Fixed-target experiment
Two-stage magnetic spectrometer
Data taking since 2002

@ Muons: 4-107s !

@ Hadrons:
up to 2:107s~!

@ E: 100-250 GeV

Physics Goals

@ Nucleon spin structure

@ Hadron spectroscopy
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&2 COMPASS 2004 Pilot Hadron Run m

Technische Universitat Miinchen

Experimental Setup

Beams

@ COmmon Muon and Proton Apparatus for ”
Structure and Spectroscopy P

Located at CERN's SPS
Fixed-target experiment
Two-stage magnetic spectrometer
Data taking since 2002

@ Muons: 4-107s !

@ Hadrons:
upto 2:107s~!

@ E: 100-250 GeV

Pilot Hadron Run 2004

@ 190GeV 7~ beam
@ Nuclear targets (Pb)
@ Nucleon spin structure @ Tracking: Silicons for vertexing
@ Hadron spectroscopy @ Trigger: Multiplicity trigger, ECAL trigger
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@ Diffractive and Coulomb Production of Mesons m

Technische Universitat Miinchen

@ Diffraction: target particle remains intact
— low momentum transfer n : X

| = 0 Reggeon t-channel exchange £ n
@ Primakoff: photon exchange : n
contribution at smallest momentum transfer

@ Dissociation: beam pion is excited to a

resonance X, wh|£:h subsegueintlz decays | COMPASS 2004
=e.g.m Pb— X"Pb— 7 n n"Pb g8 wPb > T Pb
5 f
E 10°E
“F
10°
I020 001002003004005006007008009 0.1

Momentum Transfer t’ (GeVZ/cz)
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@ Diffractive and Coulomb Production of Mesons m

Technische Universitat Miinchen

@ Diffraction: target particle remains intact
— low momentum transfer n =
I = 0 Reggeon t-channel exchange #

@ Primakoff: photon exchange :

: s
contribution at smallest momentum transfer

@ Dissociation: beam pion is excited to a
resonance X, which subsequently decays
=e.g.m Pb— XPb— 7 7 atPb

=

COMPASS 2004
©Pb — n TP
107 <t <107 GeV/e?

Number of Events
%

1()%:
@ Exclusive 3 final state events ‘éj
105
@ COMPASS 2004 (few days of data taking): %
@ ~ 4000000 37 events 4
T
0 165 170 175 180 185 190 195

Calculated Beam Energy (GeV)
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@ 37 Data Sample (2004) mm
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Momentum Transfer

Momentum transfer to target:
—t= _(Pbeam - p(7r—7r—7r+))2 =t = ‘t| - ‘t|min

5 | 057 COMPASS 2004

m R § .

= g TPb - T wtPb with

5 r |t|min = M

g 1045 4|pneam||ab

z 0

100 Diffraction pattern:

c Pb nucleus acts like
- "black disc” in optics

nnanilnnenilananllennnlonnalnnns lnens bl nnilnns,
1020 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Momentum Transfer t’ (GeV%/c?)
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@ 37 Data Sample (2004) mm
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Momentum Transfer

Momentum transfer to target:
—t= _(Pbeam - p(7r—7r—7r+))2 =t = ‘t| - ‘t|min

g .l COMPASS 2004
Z 10°
= a TPb — TwtPb with
E : |t|min = A(mgﬂ—m%)z
4|ﬁneam| al
g 10t e
Z F
103; Diffraction pattern:
E Pb nucleus acts like
B "black disc” in optics
102 o b b b b b b e b by
0 0.010.02 0.030.04 0.05 0.06 0.07 0.08 0.09 0.1
Momentum Transfer t’ (GeV%/c?)
@ "Low t'”: 1073 (GeV/c)® < ' < 1072(GeV/c)®>  ~ 2000000 events
@ “Primakoff region”: ¥ <107%(GeV/c)?  ~ 1000000 events
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mm

@ Primakoff contribution at ' < 1072 (GeV/c)?

Primakoff: (') oc e %m! | bpin A 2000 (GeV/c)~2 (mainly resolution)

Diffractive: o(t') oc e bt bgitr =~ 400 (GeV/c) 2 for lead target

r COMPASS 2004
7 Pb - nwwPb)
' <0.01 GeV%/c?

Events

o

10* o

‘H‘\H‘‘m‘‘w‘‘‘‘m‘‘mm\‘‘‘mmwmwuﬂ“Xl(T3

2 3 4 5 6 7 8 9 10
Momentum transfer t* (GeV?/c?)

ST

(Mass) spectrum of this Primakoff contribution?
= Statistical subtraction of diffractive background (for bins of ms)
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@ Basic features of the statistical subtraction m
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@ Fit of ¥’ spectrum with sum of both exponentials for 0 < ' < 0.006 (GeV/c)?
(0.5 < ma, < 2.5GeV/c?)

@ Subtraction of “diffractive” exponent from t' spectrum

x10°
‘é r COMPASS 2004 fz: 1 07 COMPASS 2004
a P 7T Pb - nw'Pb E J,IY» T Pb —» tt'Pb
10 E <001 GeV/e? -; 8#
L 5] L J(
r = 6
r = -4 ﬂ
\.AAA % L H+
£ Ty
g 5 HY it
i , I s
[ | I S T N S T i B clec v b b b e e IX
o 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6
Momentum transfer t’ (GeV?/c?) Momentum transfer t’ (GeV?/c?)
o F|t and Subtl’action in 37 mass binS: Primakoff contribution

@ bpiim = 2050 (GGV/C)72 fixed
@ byt as fit parameter
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@ Mass spectrum from statistical subtraction m
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@ Statistical subtraction separately in 40 MeV/c? mass bins
@ Integrate Primakoff contribution of the ' spectra for ' < 1072 (GeV/c)?

55103
g F COMPASS 2004
g 4 + 7T Pb - TTPb
° r + t <0.001 eV
O
IR S
5 F ﬁJ( }L
4 - ‘
= - ++++ J( HJFJHF i
> o ﬂj’ ++++ T
m o F
*1\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\l\

06 08 1 12 14 16 18 2 22 24
Mass of Tt system (GeVIcd)
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@ Mass spectrum from statistical subtraction m
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@ Statistical subtraction separately in 40 MeV/c? mass bins

@ Integrate Primakoff contribution of the ' spectra for ' < 1072 (GeV/c)?

x10°
g 3 COMPASS 2004
§ 4:, + " Pb —» ntPb
% r + ¢ <0.001 GeV?c?
i H
"g IE ﬁ ‘ T {
g F T,
5 oF Jﬁ 4 Fhp s
N R R RN IR BT AR IR B
06 08 1 12 14 16 18 2 22 24

Mass of Tt system (GeVIcd)

Selex, Phys. Lett. B 521(2001), 171-180

R

Yo Ll .‘ (A
0.5 1 1.5 2

M, [GeV]

Fig. 3. Mtz mass distribution for the Cu target after subtraction

of diffractive background. The curve shows fit with a sum of pure
Coulomb coniribution and smooth background.
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@ Partial Wave Analysis Formalism m
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Isobar Model
%~ (beam) K 7t ~(bachelor)
-
€= +: natural @ Isobar mOde|
parity exchange o+ Intermediate

2-particle decays

@ Partial wave in
reflectivity basis:
JFCMe[isobar]L

€= —: unnatural
parity exchange

target recoil

@ Mass-independent PWA (40 MeV/c® mass bins): 38 waves
Fit of angular dependence of partial waves, interferences

@ Mass-dependent x>-fit
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@ PWA of data with low #’ mm
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Intensity of selected waves: 0~ 70" #(980)xS, 1770 pxS, 2771 pD, 2~ 0" £(1270)7 S

~ e X1
3} £ COMPASS 2004 + 070" f(980)m S| ‘o 0.2F 0" pnS -, COMPASS 2004
% 35 E ©Pb — nw*Pb H } % 0.1 . . m Pb — ntw'Pb
E 3E- 0.001 <t <0.01 GeV?/c? E 0.1 0.001 <t <0.01 GeV/c’|
T, ; Zoa )
=~ 255 < 0. .
2k t Zoi :
5 ‘ g0 , .
=) = =]
= 1,5E H*,* #* 4 0.0 .
E +¢.“ N 0.0 . .
osE R 0.0 .
s Yeeeat b, 0.02¢ . "'-.. .
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. x10 . x10
L 5sE2"TprD | COMPASS 2004 % [ COMPASS 2004 + 270" £,n S
% £ T Pb - twPb % 10 m™Pb — nw'Pb 4
E 3; t 0.001 <" <0.01 GeV*/c| E [ 0.001<t <001 GeV¥/c® ¢
< 25t < 8 bt
2 E > r
= 2F Z L ¢
£ t £ o '
2 L5 = r ¢
5 £ R
1? .+ 4 F . N
0.5 . v 2r K L
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@ Spin Totals for ' < 103 (GeV/c¢)?

mm
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”"Spin Totals”: Sum of all contributions for given M (i.e. z-projection of J)

t'-dependent amplitudes:
Primakoff production:

M=1:
Diffractive production: ~ M=0: o(t') o e~ Pairr(m?’
M=1: o(t') o t'e Pase(™M! _ vanishes for t' ~ 0

o x10°
o 012 “ee COMPASS 2004
z F t. 7" Pb — P
E 0.1 . € <0.001 GeV/c?
N L
~ 0.08— .
z2 E .
£ 0.065 )
E E . M=0 Spin Total
0.04 .
0.02f~ .
0:.""'\ I I I I AT IO
06 08 1 12 14 16 18 2 22 24

Mass of Tt System (GeV/c?)

M=0

Intensity / (40 MeV/c?)

o(t') e breimt _, arises at t' ~ 0 (resoluted shape!)

=
=1
o

X
14F 4 COMPASS 2004
£ + " Pb = tt'Pb
12:7 + © <0001 GeVe®
o IR
8 i
6 4 \ M=1 Spin Total
4= + +
£ ¢ * 4,
2:7 "’ TN
0B X AN I I ! ! L ot taeertananis

06 08 1 12 14 16 18 2 22 24
Mass of Tt System (GeV/c?)

M=1
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@ Production Phase a, — a for separated t' regions m
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% 0.16F .. COMPASS 2004
3014 N T Pb - TTPb
= ¢ 0.0015 <t <0.01 GeVc®
% 0.12 . . U <0.0005 GeV/c*
zo :
£ 0.0 : % < F COMPASS 2004
g o 50F
0.0 2 cb F m"Pb—mnn'Pb j }
.t T OF 00015<t <001 GeVc® . “ +
00 . 9 E ¢ <0.0005 GeV/e? ot +
I "-;X"":n i i E 50— .-
1370 16 18 TR B F " . +++ +
Mass of T System (GeV/c?) —-100— . * + +
F “. w4 +

< COMPASS 2004 -150= 4
2 i T Pb - ntw'Pb C +
E 0.0015 <t <0.01 GeV/c? -200— % +
3 * © <0.0005 GeV/c? E * ¢
3 + i - ? pe (2\++1+ p\n DT 1++0\+ pT S) | I I I
g 06 08 1 12 14 16 18 2 22 24

t+ i Mass of 7t System (GeV/c?)

l

t
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a; in detail: t' dependence i
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COMPASS 2004

i:: T Pb = ntw*Pb
= <002 GeV/e?
g 1.26 <m,, < 138 GeV/c'|
2
|
o |
g oF AD (271" pr D - 170" pn S)
= L +
5 20
2 n —+
e 0 £ 4oL
Il i o o s ———— 4 - —_— —
8 10 12 14 16 18 20 &~ C s
Momentum Transfer t” (GeVZ/c?) ~60 } e
. = COMPASS 2004
El COMPASS 2004 = - - -
s , - 80~ 4+ 7 Pb — n TP
. m Pb — nTPb [ + . o
Z ¢ <002 Gevie F U <0.02 GeV?/c? )
5] 126 <m,, < 1.38 GeV/c| 1.26 <m, < 1.38 GeV/c'|
= b
—1200 e e UXT07

0O 2 4 6 8 10 12 14 16 18 20
Momentum Transfer t’ (GeVZ/cz)

107

8§ 10 12 14 16 18 20
Momentum Transfer t” (GeVZ/c?)

Stefanie Grabmdiller M E18) Diffractive and Coulomb Dissoci at COMPASS



son Spe s E S ) X n of Primakoff Signal Partial Wave Analysis Results Summary and Outlook

@ Theory: Phase ax(strong+Coulomb)-a (strong) L
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— — —— — —
150 e
o e —
— 50 - ;
] n ~o ]
=] [ S ]
o oL S| @ oF @ (271 prD - 170" pr S)
= L 1 2 F ——
S E 1 = 20F —
[ 1 3 2
S0 /0 [=e Coulomb + strong TA 4 £ b s
- strong TA interaction ] = '40; -+
difference ] -60F
-100 - E COMPASS 2004
] -80F 4 7Pb— nTPb
] IOOi € <0.02GeVic |
-150 ‘ | ‘ ‘ | ‘ ‘ | ‘ ‘ | ‘ C - :; 126 <m,, < 138 GeV/c|
0 0.003 0.006 0.009 0.012 0.015 —1200. . ive it x10"
2 2 0 2 4 6 8 10 12 14 16 18 20
q, [GeV7] Momentum Transfer ¢ (GeV?/c?)

Glauber modell
G. Féldt and U. Tengblad, Phys. Rev. C79, 014607 (2009)
Plot: N. Kaiser (TU Minchen)

= indicates confirmation of interference Coulumb-interaction - strong interaction
= detailed studies of the nature of resonances
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@ Summary and Outlook i
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@ COMPASS 2004 hadron run (few days) using a 190 GeV =~ beam
@ 7 Pb— n~ 7w 7" Pb at (very) low momentum transfer

@ Extraction of photo-produced contribution

@ PWA in mass bins and t’ bins

@ Production phase of a-(1320) dependent on t' shows interference of
contributions from Coulomb and strong interaction

Further Analysis of 37 data at low momentum transfer:

@ Mass-dependent PWA:
Proper incorporation of Deck effect,
Test of chiral diagrams in threshold mass region

@ Comparison with hydrogen, lead and nickel data (2009, extended spectrometer)

Stefanie Grabmiiller (TUM E18) — Diffractive and Coulomb Dissociation of pions into 3 charged pions at low t/ at COMPASS



) Extraction of Primakoff Signal Partial Wave Analysis s Summary and Outlook

@ BACKUP: 3 Data Sample (2004) m
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w7 mass distribution

Events / (5 MeV/c?)

Different t’ ranges:

x10°
35 tPb — mwttPb COMPASS 2004
30; Ranges in t’ (GeV?/c?)
8 [ Jane
25 a3 - <107
20E Bl 03<v <10”
-  102<e < 10!
15 Cloi<e<1
10F B> xS)
st

2

0.5 1 1.5 2 2.5 3
Mass of wrnt System (GeV/c?)
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@ BACKUP: Partial Wave Analysis Formalism T
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@ Mass-independent PWA (narrow mass bins):

Cimaep(r M) = 5 55 |5 Tere (2 )i (r, m) /\J @) 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 pp)? + (Im p})? / /75

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

e X parameterized by Breit-Wigner (BW) functions
e Background can be added
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@ BACKUP: Mesons and Spin-Exotic States m
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Constituent Quark Model

@ Color-neutral gq systems
@ Quantum numbers /¢JP°

L e P= (_1)L+1 C:(—1)L+s G= (_1)I+L+s
e JC Multiplets:  0**+,0=*, 1= 17— 1+ 27+

@ Forbidden: 0=, 1=, 27=,37+ ...

. QCD: Additional color-neutral objects

@ Tetraquarks (gq)(qQq)

Oo=-0O O=O o Hybrids (gG)g  (m1(1400), 7(1600))

+ @ Glueballs gg (f(1500))
ONO Spin Exotic States
o8 @ JC forbidden = cannot be a gq state
: @ No mixing with quark model states
= COMPASS
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