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mmon uon and roton pparatus
for tructure and pectroscopy Tm

i A

CERN SPS protons ~ 450 GeV  (5-10 sec spills)

@ secondary 7, K, p": upto 2.107/s (typ. 5-10%/s)
Nov. 2004, 2008-09, 2012, 2015:
hadron spectroscopy, Primakoff, Drell-Yan
o tertiary muons: 4-107 /s
2002-04, 2006-07, 2010-11, 2016: nucleon spin structure

! Jan Frledrlch (TU Munlch) Hadron Spectroscopy at CompAss 26 Sept 2016 >2 132



Physics fields at COMPASS

@ lepton scattering
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@ scattering of pions (and kaons) in nuclear Coulomb field
— low-energetic meson-photon reactions ny — 7y, 7y — 37
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Physics fields at COMPASS m
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@ scattering of pions (and kaons) in nuclear Coulomb field
— low-energetic meson-photon reactions ny — 7y, 7y — 37
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COMPASS

Experimental Setup

Fixed-target experiment

Muon Filter 2

Muon Filter 1
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COMPASS

Experimental Setup

Fixed-target experiment

Collaboration
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Physics Channels
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Diffractive 3w production
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Diffractive 3w production m
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@ exclusive measurement e T

4 5
@ four-momentum transfer t ¢ [iGeviey]

< 0.5GeV: Pomeron exchange P
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Diffractive 3w production m
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@ four-momentum transfer t’ o [GeVIE]

< 0.5GeV: Pomeron exchange P

@ rich structure in 7~ 777~ mass
spectrum...
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Diffractive 3w production
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Diffractive 3w production
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Diffractive 3w production
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Analysis Procedure m

{ng:j TRY,}

ol
w
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(1) unbinned max-likelihood fit of partial waves to data
in thin ms,. slices and 11 t’bins

(2) fit dependence on ms,. with Breit-Wigner reonance model (+BG)
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Partial Waves

Intensity Z = |3, a0 TV Awave|2

7Tbeam

JPCM‘gfﬂL

Ptarget
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Partial Waves nin

Intensity Z = |3, a0 TV Awave|2

T[beam

JPCVEERL

@ JPC: Spin, parity, charge-conjugation of X~
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Partial Waves nin

Intensity Z = |3, a0 TV Awave|2

T[beam

JPCMESHL

@ JPC: Spin, parity, charge-conjugation of X~
@ Me: Spin projection M of J on the incoming 7~ direction (X~ rest system)
and naturality € of the exchange particle

precoil
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Partial Waves nin

Intensity Z = |3, a0 TV Awave|2

T[beam

JPCMEERL

@ JPC: Spin, parity, charge-conjugation of X~
@ Me: Spin projection M of J on the incoming 7~ direction (X~ rest system)
and naturality € of the exchange particle

@ ¢: wr-isobar, e.g. p(770), £,(1270)

precoil
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Partial Waves nin

Intensity Z = |3, a0 TV Awave|2

T[beam

J'DCM‘SSWL

@ JPC: Spin, parity, charge-conjugation of X~

@ Me: Spin projection M of J on the incoming 7~ direction (X~ rest system)
and naturality € of the exchange particle

@ ¢: wr-isobar, e.g. p(770), £,(1270)

@ 7: bachelor 7~

precoil
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Partial Waves nin

Intensity 7T = |Zwaves TWaVeAwave|2

T[beam

JPOMEerL

@ JPC: Spin, parity, charge-conjugation of X~

@ Me: Spin projection M of J on the incoming 7~ direction (X~ rest system)
and naturality € of the exchange particle

@ ¢: wr-isobar, e.g. p(770), £,(1270)

@ 7: bachelor 7~

@ L: Orbital angular momentum between ¢ and 7

precoil

88 waves needed to describe the data (“hand-selected”)
interference terms — get (relative) phases
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Step 1: Partial-Wave Analysis

Selected Waves (1 of 88) in two of the 11 independent ' bins
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Step 1: Partial-Wave Analysis

Selected Waves (2 of 88) in two of the 11 independent ' bins
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Step 1: Partial-Wave Analysis

Selected Waves (3 of 88) in two of the 11 independent ' bins
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Step 1: Partial-Wave Analysis

Selected Waves (4 of 88) in two of the 11 independent ' bins
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Step 2: Resonance model fit m
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Step 2: Resonance model fit m
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JPC = 2++ subsection
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27T subsection
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JPC — 4++ sector
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JPC = 4++ subsection
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JPC = 4++ subsection
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JPC = 1++ subsection
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JPC = 1++ subsection
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JPC = 1++ subsection

0.100 < 1' < 0.113 (GeV/c)

170" p(770) . S 10" £(1270) = P 1”0’}:’(980) TP 11" p(770) = P

081121416182 2224 08 1 12141618 2 2224

4701 p(770) 1 G

my, [GeV/c?]
41 £(1270) 7 F

08I 2late1s 2 2200
—~
&
K>
35 -
|
>z : ‘ il
o =
Qs 4 .
QF i
~ o
2
‘Z o' 56=-119° 50=+34° 56=+TF, 56=420° | 50 =447
= © g o i
12 & e dq 1260)
E s I . o
g Wk N
o \ T ] A '
2o el o B \“ o | /
=
bt
ettt " e T -
: "3 ay‘wm ,so,l_m 50=+170° 859=-156
£ -t a4(1640) | . -, .
s y \y i
)
L st
’ | \
Mgty A T s
7p - m7w'p (COMPASS 2008) S i o= somist
. 3
Mass-independent fit 2 :
Mass-dependent fit g *"
2 \
resonant -
non-resonant = s | Wt
i e e b e T e e e e

A9 - 59 [deg]

10
100

s
Fioo

Hiso

Hadron Spectroscopy at COMPASS

26 Sept 201

16/32



JPC = 1++ subsection
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a1(1260) m
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a1(1260) m

10° 7 p — nmxn n'p (COMPASS 2008)
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a1(1260) m

10° 7 p — nmxn n'p (COMPASS 2008)
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@ t'-resolved analysis: better I non-resonant
disentanglement of resonantand 2 *°1
non-resonant parts E 0
lOOj
50

IS E TN A

06 08 1 12 14 16 1.8 2 22 24
my, [GeV/c?]

Jan Friedrich (TU Munich) Hadron Spectroscopy at COMPASS 26 Sept 2016 17/32



a1(1260) m

«10° T p — m - tp (COMPASS 2008)

@ resonance parame?ers do not . & 10" p(770) 7 S
depend on production mechanism = [ 0.262 < 1'<0.326 (GeV/cy
i o 120~ ' o

@ couplings and non-resonant parts = [ 4  Mass-indepChdgnt fit

may vary with ' & 1000 Masggondent ot

@ t'-resolved analysis: better E» Soi non-resonant
disentanglement of resonantand & "}
non-resonant parts E o
40
201

:uluuln‘..l...l..I...I.... I

06 08 1 12 14 16 1.8 2 22 24
my, [GeV/c?]
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a1(1260) m

@ resonance parameters do not o MO FPOTEAP f?oﬁdpgsfof‘jf?

depend on production mechanism % sof- Y t'<0.7£1 (GeVIcY

@ couplings and non-resonant parts = [ Mass-independent fit

may vary with t/ & a0 Mass-dependent fit

N r resonant

@ t'-resolved analysis: better = ; non-resonant
disentanglement of resonant and % 30
non-resonant parts E I
201
101

el @ Loy LA 1 IO

e
06 08 1 12 14 16 1.8 2 22 24
my, [GeV/c?]
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a1(1260) m

np = nn xwtp (COMPASS 2008)

@ resonance parameters do not

depend auct hani & 7000F 10" p(770) 7 S
epend on production mechanism > 0.724 < ' < 1000 (GeV/c):
@ couplings and non-resonant parts = %% | | Mass-independent fit
may vary with ¢ 85000?— %ﬂ Mass_depe?;ilgait
@ t'-resolved analysis: better E» F ! non-resonant
disentanglement of resonant and £ 4000 §
non-resonant parts = 30001
; }
2000F
: i
1000f- +
[ i
%M*t i M A

06 08 1 12 14 16 1.8 2 22 2.4
my, [GeV/c?]
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a;(1260) m

np = nn xwtp (COMPASS 2008)

@ resonance parameters do not

) . &, 7000 170" p(770) 7 S
depend on production mechanism § ; 0724 <1 < 1.050( (Ge)V’/[c)z
@ couplings and non-resonant parts = 6000 ) Mass-independent fit
may vary with ¢ & 50000 +ﬂ Masggondent ot
@ t'-resolved analysis: better 5 F | non-resonant
disentanglement of resonant and £ %% f
non-resonant parts = 3000F
@ a1(1260) reproduced ; !
mit = 1298%13 MeV/c? 2000
mPPG= 123040 MeV/c? 10001 )
Mt = 4039 MeV/c? S
r LA o
[PPG ~250 — 600 MeV/c? Nl N

06 08 1 12 14 16 1.8 2 22 24
my, [GeV/c?]
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a;(1260) m

np = nn xwtp (COMPASS 2008)

@ resonance parameters do not

depend on production mechanism N§7OOOE 0724 < t}:ﬁ ;(’;)0(7(;2)\,7/2;
@ couplings and non-resonant parts = 6000 | Mass-indepEndent fit
may vary with ¢ & 50000 ﬁﬂ Masggondent ot
@ t'-resolved analysis: better 5 | non-resonant
disentanglement of resonant and £ %% f
non-resonant parts = 3000
@ a1(1260) reproduced F h
mit = 1298%13 MeV/c? 2000
ITfl‘PDG= 123040 MeV/gzz 1000k )
rfit = 4039, MeV/ Eoo
72 250 — 600 MeV/c? ]
@ weak signal for a;(1640) my, [GeV/c?]
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a;(1420)

a new signal

B200E 1707 1,(080) 7P ~ 10" p(770)
e K T
%1007 .H
£ ] o wm“.«W wiv
3 K 3
o ) ::“ & x10 A
—~100F ‘R‘ift 2 25? 170 f0(980) P
:;2: ﬁﬁ ~0100<t <0113 Gevicy % [ 0.1<t <1.0(GeV/cy
o1 | oss<t Sameicaior = 200 (1) Mode curve
1712 14 16 18 2 22 I r (2) a,(1420) resonance
m,, [Gevic?] = (3) Non-resonant term
2> 15+
‘D L
s
£ 10+
5-
= I R e

1 12 14 16 18 2 22
m,,, [GeV/c?]
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a;(1420)

a new signal
x10°
471 p(770) TG 4
251 0.1<t <10 (GeV/cy? N

(1) Model curve
(2) a,(2040) resonance
£ (3) Non-resonant term

Intensity / (20 MeV/c?)
N
o

150 . x10°
100 & 250 170" {(980) 77P
g 35 0.1<t <1.0(GeV/cy
i S oo (1) Model curve
017 T4 16 18 S (2) a,(1420) resonance
m,, [GeV/cZ] = r (3) Non-resonant term
2> 15-
_ ‘D L
§’zoo— 170" 1(980) 7P 47T p(770) G 5 L
g £ 10~
& 100 L
o 5}
-100[- L
7 i 0100t <0113 Gevicy 0* ’ e L T‘
—200 <t< 2 B
<t Sormm(covir 1712 14 16 18 2 22
T2 141618 2 22 GeV/c
my, [GeV/c] rn3" [ ]
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a(1420) m

a new signal

x10°
& -~ ++At
@ new signal: a;(1420) v 1707 1,(980) P
- 5 0.1<t <1.0(GeVic)
@ decay into £ (980)m S ool (1) Model curve
S r (2) a,(1420) resonance
= () Non-resonant term
2 15~
B[
g |
= 10-
5} :‘Tr
O:ﬁ“‘J S O T S e A B o
1 12 14 16 18 2 22

m,,, [GeV/c?]
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a(1420) m

a new signal

x10°
& -~ ++At
@ new signal: a;(1420) v 170" 1,(980) 7P ,
) Z L 0.1<t <1.0(GeV/c)
o decay into fo(980)ﬂ' S oof (1) Model curve
@ possible explanations: & (2) 8,(1420) resonance
» triangle diagram 3 15 (3) Non-resonant term
Mikhasenko, Ketzer, Sarantsev ‘g ~ |
» two-channel unitarized Deck § r
amplitude = 101
Basdevant, Berger [
5} e
o s P B S | ST
1 12 14 16 18 2 22

m,,, [GeV/c?]
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a(1420) m

a new signal

x10°
@ new signal: a;(1420) N§’ 25; 312;(5918(?) P .
. % [ . .0 (GeV/c)
@ decay into £ (980)m S ool (1) Model curve
@ possible explanations: & (2) 8,(1420) resonance
» triangle diagram 3 15 (3) Non-resonant term
Mikhasenko, Ketzer, Sarantsev ‘g ~ |
» two-channel unitarized Deck § r
amplitude = 10-
Basdevant, Berger [
@ Mass: S
My, (1420) = 1411.87, 4 MeV /2 ; S
W|dth 0 e T e T T T
1 12 14 16 18 2 22
Fay(1420) = 15875 MeV/c? m,, [GeVic?]
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Summary of the ay LT

JPC = 2%+ sector:
@ clearest resonance in the analysis: a»(1320)
@ excited a»(1700) also found
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Summary of the ay LT

JPC = 2%+ sector:
@ clearest resonance in the analysis: a»(1320)
@ excited a»(1700) also found

JPC = 4+ sector:
@ a4(2040) resonance found

Jan Friedrich (TU Munich) Hadron Spectroscopy at COMPASS 26 Sept 2016 19/32



Summary of the ay LT

JPC = 2%+ sector:
@ clearest resonance in the analysis: a»(1320)
@ excited a»(1700) also found

JPC = 4+ sector:
@ a4(2040) resonance found

JPC = 1++ sector:
@ a1(1260) and a;(1640) resonances in the main 1+ waves
@ Distinguish from non-resonant part due to t' dependence
@ New a4(1420) signal found in the 170/ (980)7 P wave
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The 0-10"%(980)7S wave

«10°  7p = x A a'p (COMPASS 2008) 10770 £(980) 7 51— [1"'0" p(770) 7 S] 070" £(980) & S1-[1""0" £(1270) w P]
L af 00 f080) 7 S Topof 0100 < 1 <0113 (GeVie Boook 0.100 < 7' < 0.113 (GeV/c)?
2 isf 0100 < £ <0113 (GeVie) = S¢=140° = So=-33°
= F Mass-independent fit o 150E 150
s 16 l]fg[g;;ﬁﬁpcndcnl it it 800) Lo g
= 4" 3 v %
Z- £ non-resonant S0 ‘ 506 K
F12F !
= E = i e ai :”!‘J!H
ﬁ 10F WHU |
s -S0E s> S0 W
6 ~100F- ~100-
4 —150F ~150F
* —200F- —200F
| R s a7 cl e b b b b b L L 1y L b Do b b b b L b 1
06 08 I 12 14 L6 L8 2 22 24 06 0.8 I 12 L4 16 L8 2 22 24 06 08 I L2 14 L6 18 2 22 24
my, [GeV/ic?] my, [GeV/ic] iy, [GeVie?]

m,,(1 800) = 18026t:835 MeV/C2 ; F,,U 800) = 21 8t161 MeV/02

m PG00y = 1812 12MeV/c? TR0 = 208 + 12MeV/c?
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The 1-"1"p(770)7 P wave

ap = x - atp (COMPASS 2008)

[I7*1 p(770) 7 P~ [47*T p(770) 7 G]

[T p(770) & P] - [47717 £(1270) & F]

L3000 I p(770) 7 P 50200,0. 00 <1< 0.113 (GeV/ef P p < <0113 (Gevie)®
Z 0100< 1< 0113 (GeVIeY | = §=—24.6° 8¢ =899
= r } Mass-independent fit 150 f
S 4000 Mass-dependent i I ||
2 F ss=dependent fit I 100 \l
= [ | resonant o “
2 I 1 { o 1|‘,‘| i |
2000 50 | Im H|‘|'{'l
[ -mo] ” ! ”‘
1000F- 7150_‘ | Hy
1 —2008 ‘h‘l'
ploebady i FEERITSE v Ml FNTE N R NN N EE FET) NENE N FTVE P b ||\H‘\ll‘||||||\‘|H‘H||||||\|||‘H\‘|
06 0.8 1 12 14 L6 18 2 22 24 06 08 | 12 14 16 18 2 22 06 08 1 L2 14 16 1.8 2 22 24

my [GeVie?]

my [GeVie?]

my, [GeVie?]

at low t' very weak resonant component
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The 1-"1"p(770)7 P wave

ap — a a"atp (COMPASS 2008) (17 p(770) & P] - [4"T" p(770) & G] (71" p(770) & P] - 471 f(1270) 7 F)
L prTrpmmar 00 0.449 <1'< 0.724 GeVier | Fagg 0449 <1’ < 0.724 (GeV/e)
Z, 30001 0449 < 1 < 0724 (GeVie ) = so=-22°| = ‘ | dg=-11°
$r ma:s—‘iind.epedndem fit 2150 ‘ \ 150 | }| |
S a50F Mass-dependent fit | | | | {
ST resonant | 2100 ﬁmni ‘| r f | ‘ !
>_ [ non-resonant i = | = 50_|\ | ‘ |
£ i | AR
% n ' | Ul [H| ! Q
E 1500 .m i sb } H ,,,{I‘, |
r H
1000~ -100) l‘ —100E } | ‘ |
3 [ E |
500 150 i 150 | {I
E -200 { —200F ‘
L ' N PR AR

|\‘\|\‘||\‘|H‘||\|||\‘H\|||||| TITEE P N e |
1 1214 16 18 2 2224

06 08 | 12 14 16 18 2 22 24 06 08 1 1214 16 18 2 2224
my [GeV/ie?] my [GeVie?] my, [GeVie?]

at higher t' resonant component dominant
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The 1-"1"p(770)7 P wave

ap = x x xtp (COMPASS 2008)

[I7*1F p(770) 70 P]—[4 T p(770) & G]

[ p(770) & P = [47*1° £(1270) 7 F]

T [T pmmar Baodl [T l“ 0724 <1 < LOOO0 GeVIeP| gl ” |‘| IH T <7 < 1000 (GaVie?
= 10007 0724 < 1 < 1000 (Ge Ve = } |“ Sp=lea|  E=TRCI) Sg=32
2 | Massindependent fit 21 ‘ MH 2150 \ ’ m
2 s00- Mass-dependent fit k I ‘| | 100k ‘ |
< "L resonant = | 5 | ‘ |
> [ non-resonant N “ ‘ | = sk H }‘ r
Z 600+ ‘ |
ER - o H |
E o Bt ‘! Vd ! |
400 | Hied 3 || W
[ M | -100 —100F i |‘
200 } i fl -1 } 150 l
[ }
[ A H‘Iﬁl‘“l ‘l 200 —200F
wlalypl L L Liva b bivalvan I NI SN T S e e TRINEEE P FEWE R P i P e e
06 08 1 12 14 16 18 2 22 2 12 14 16 18 2 2212 06 08 1 1214 16 18 2 2224

my, [GeV/e?]

my, [GeVliel]

my, [GeVie?]

at higher t' resonant component dominant
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The 1-"1"p(770)7 P wave

Phase-motion

[T*1" p(770) T P] —[0""0" f0(980) mq [IT7°1" p(770) 1 P] - [1""0" p(770) i 9
=S = F 0.100< t' < 0.113 (GeV/c)?
g 200 g 2000 :

E 0.449 < t' <0.724 (GeV/c)
%150? '%150E‘ 0.724 < t' < 1,000 (GeV/c)?
| = | \
%100? %100 |
50F 50 \ | i
o oF * i
C L |
—50;7 —50? |
-100- ~100F
F 0.100 < t' <0.113(GeV/c)? 1 E
~150F 04 ~150r
I 0.449 <t <0.724 (GeV/c)? -
a3 AT n (Ge\‘wc)zw [N N —ZOO;I Lol Liviliidld
06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 18 2 22 24
m,, [Gev/c] m,, [GeV/c]

resonance very broad
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JPC = 2=+ sector
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2"0’}'2(I270) TS

e | So=-114° 8¢ =—47°

- o
i
i ‘ o
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" J -50
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08 12041618 2 2224 08 1 12141618 2 2224
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.) resonances

«10'_7p = 7 7'p (COMPASS 2008) \0'_7p — 7 x'p (COMPASS 2008) 7p = w-7n'p (COMPASS 2008)

7p > 77 x'p (COMPASS 2008)
Z 2707 p(770) 7 F T L2020 s Lof 2 TR0 7S 8 270 [,(1270) 7 D
2 1oL 0.100< 1 <0.113 (GeV/ey 2 0.100< 1 <0.113 (GeV/e)' o oum<z <0.113 (GeV/e)' 2 B000E0.100 < 1 < 0.113 (GeV/e)’
s Mass-independent fit = Mass-independent it | = 20008 independent fit = g0k, Massindependent fit
S Mass-dependent fit S 4o Mass-dependent fit S 1800 Mase dependent fit ) Mass-dependent fit
< s resonant S T resonant < 1600f- resonant < 6000 resonant
> [ non-resonant > [ non-resonant 210l NON-resonant = F non-resonant
G Z 30k Z 00 Z 5000
Ry ¢ g g0 2
= = = 1000E Z 4000
a- R 2 800E } 3000
E R
o P 600} “ H 20006
2 10 N 400F- f
. e 200 I 1000F-
s 8 i / q
i L Lol 1 TPTARIN : TR L
06 08 1 12 14 l6 18 2 2224 06 08 1 12141618 2 2224 06 08 1 1214 16 18 2 2224 06 08 1 121416 18 2 2224
my, [GeVic?] m, [GeVic?] my, [GeVic) ms [GeVie)
ap = m a-w'p (COMPASS 2008) 1007 p = mr-x'p (COMPASS 2008) 10'_7p = a7 x'p (COMPASS 2008) 7p = mr-m'p (COMPASS 2008)
Z 2707 p(770) 7 F T 052707 T 1T 7S 8 2707 [,(1270) 7 D
7 P00 0.449 < 1 < 0.724 (GeV/e)! 2 20F 0449 <" <0.724 (GeV/c) Z 0449 <1 <0724 (GeV/e)' 7, 5000 0.449 < ' < 0.724 (GeV/c)*
= 4000F- Mass-independent fit S s Mass-independent fit 2 1of Mass-independent fit | = Mass-independent fit
S Mass-dependent fit e Mass-dependent fit 5 Mass-dependent fit S b Mass-dependent fit
S3500E resonant ! S 16 resonant S f resonant SHOOE resonant
23000E NON-resonant 2 14F non-resonant 2 [ non-resonant B non-resonant
S2500F 5% S Zaooo
= = 10 = =
2000 1 = 8 E
8 JS£ 2000 i
1500F o
1000 4 %»\ S 1000F
S00E 7Z AN 2k v, 7 ¥
Losadisl W Lo bl /\ Lodinl L | 1 s
06 08 1 1214 16 18 l 06 08 1 12141618 2 06 08 1 ]2l4|6|8 2 2 06 08 1 12[4]6]8 2 22 2«

myy [GeV/e?] My [chm] gy [GeVie?] myy [GeV/c)
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.) resonances

«10'_7p = 7 7'p (COMPASS 2008) \0'_7p — 7 x'p (COMPASS 2008) 7p = w-7n'p (COMPASS 2008)

p = ma-x'p (COMPASS 2008)
Z 270" p(770) 7 F T L2020 s Lof 2 TR0 7S 8 270 [,(1270) 7 D
2 1oL 0.100< 1 <0.113 (GeV/ey 2 0.100< 1 <0.113 (GeV/e)' o 1)100« <0.113 (GeV/e)' 2 B000E0.100 < 1 < 0.113 (GeV/e)’
s Mass-independent fit s Mass-independent it | = 20008 independent fit = g0k, Massindependent fit
S Mass-dependent fit S 4of- Mass-dependent fit S 1800 Mase dependent fit ) Mass-dependent fit
< s resonant S T resonant < 1600f- resonant < 6000 resonant
> [ non-resonant > [ non-resonant 21 40E. NON-resonant = F non-resonant
G Z 30 Z 1400E Z 5000F-
EE s ' S E
= = = 1000 S4000E
a- R X 800E } 3000
E R
T 600} M H 2000
2 lor N 400F- by
e 200 bt 1000F-
) /« e 2 by 4 &
i L Lialislund 1 TPTARIN : TR L
06 08 1 12 14 l6 18 2 2224 06 08 1 12141618 2 2224 06 08 1 1214 16 18 2 2224 06 08 1 121416 18 2 2224
my, [GeVic?] m, [GeViel) my, [GeVic) ms [GeVie)
p = - x-7'p (COMPASS 2008) 100 7p = 7 7-x'p (COMPASS 2008) 10'_7p = a7 x'p (COMPASS 2008) p = ma-x'p (COMPASS 2008)
Z 2707 p(770) 7 F T 052707 T T A0 7S 8 2707 [,(1270) 7 D
7 P00 0.449 < 1 < 0.724 (GeV/e)! 2 20F 0449 <" <0.724 (GeV/c) Z 0449 <1 <0724 (GeV/e)' 7, 5000 0.449 < ' < 0.724 (GeV/c)*
= 4000F- Mass-independent fit S s Mass-independent fit 2 1of Mass-independent fit | = Mass-independent fit
S Mass-dependent fit e ss-dependent fit 5 Mass-dependent fit S b pendent fit
S 3500F resonant ! S 16 resonant S resonant S
Zv3000F. non-resonant 2 14F non-resonant 2 O non-resonant = non-resonant
S2500F 5% S Zaooo
= = 10 = =
2000 1 = 8 E
8 JS£ 2000 i
1500F o
1000 4 %»\ S 1000F
S00E 7l AN 2k v, 7 ¥
e W Lo bl /\ Lodinl L Lo Luasls s
0608 1 1214 16 18 l 06 08 1 12141618 2 06 08 1 ]2l4|6|8 2 2 06 08 1 12[4]6]8 2 22 2«

myy [GeV/e?] My [chm] gy [GeVie?] myy [GeV/c)

72(1670), m2(1880) and m(2005)
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Summary of 7, m

JPC = 0~*sector:
@ One wave included: 0~ 10" £ (980)7S
@ 7(1800) resonance reproduced
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Summary of m

JPC = 0~*sector:
@ One wave included: 0~ 10" £ (980)7S
@ 7(1800) resonance reproduced

JPC = 1=+ sector
@ Spin-exotic J7© = 1~ signal found
@ One wave in the fit: 1=71%p(770)7P
@ Resonance can’t be explained within the simple quark model
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Summary of 7y

!

JPC = 0~*sector:
@ One wave included: 0~ 10" £ (980)7S
@ 7(1800) resonance reproduced

JPC = 1=+ sector
@ Spin-exotic J7© = 1~ signal found
@ One wave in the fit: 1=71%p(770)7P
@ Resonance can’t be explained within the simple quark model

JFC = 2=+ sector
@ Three 2= resonances included
@ 7>(1670), m2(1880) and m»(2005)

» m2(1670) dominant in S-wave decays
» 7(1880) dominant in D-wave decays
» m2(2005) only seen once before
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Summary of parameters for a; resonances m

08Prelimi nary P - 1 rp (COMPASS 2008)
& O5F a,(1260)
S E a,(1640)
© 0.7 a,(1420)
= 0.6 a,(1700)
=R 2,(2040)
= 050 _
F L.
0.4 o T
c A ‘e
0.3— o
B /
0.2 / I °
- : @ 0105
o1 | \L L TE T | | |
12 1.3 14 15 1.6 17 1.8 19 2 2.1
Mass [GeV/c?]
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Summary of parameters for 7, resonances m

Preliminary P - 1 rp (COMPASS 2008)
= 0.8
QO =
3 E 77,(1600)
@ 0.7— T,(1670)
O r ,1880)
< 06— 7T,(2005)
© o
= 0.5
0.4
0.3 ¢ -
: ‘. ,,,,,,,,
0.2
0.1~
el b b b b b b b b 0 |

12 13 14 15 16 17 18 19 2 21
Mass [GeV/c?]
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Results TUM

T 8 h 4

2400
2200
2000
1800
1600
1400
1200
1000

Mass/ Width [MeV/c?]
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Conclusions and Outlook m

@ 46 million events for 7—p — pr— 7"~ collected by COMPASS
@ two-step analysis

» partial-Wave Decomposition model of 88 waves
» resonance-model fit

* subset of 14 waves

main known resonances reproduced

all resonance parameters determined in one single fit
new signal: a;(1420)

exotic signal found

extensive systematic studies performed

* % % % %
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Conclusions and Outlook m

@ 46 million events for 7—p — pr— 7"~ collected by COMPASS
@ two-step analysis

» partial-Wave Decomposition model of 88 waves

» resonance-model fit

* subset of 14 waves

main known resonances reproduced

all resonance parameters determined in one single fit
new signal: a;(1420)

exotic signal found

* extensive systematic studies performed

@ ongoing developments

» refine non-resonant (Deck) background description
» “de-isobaring” the model
» relativistic spin coupling

@ more channels to follow, including 7°, 7

* % % %
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Conclusions and Outlook m

@ 46 million events for 7—p — pr— 7"~ collected by COMPASS
@ two-step analysis

» partial-Wave Decomposition model of 88 waves

» resonance-model fit

* subset of 14 waves

main known resonances reproduced

all resonance parameters determined in one single fit
new signal: a;(1420)

exotic signal found

* extensive systematic studies performed

@ ongoing developments

» refine non-resonant (Deck) background description
» “de-isobaring” the model
» relativistic spin coupling

@ more channels to follow, including 7°, 7

@ lower statistics for incoming K— beams
— dedicated future programme with RF-separated beam?

* % % %
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Step 2: Resonance Model Fit m

Spin-Density Matrix:

@ Diagonal elements: Intensities: SDM;; = |T|?

@ Off-diagonal elements: Phases: SDM; = —SDM;; = arg (T,Tj*)
Resonance model for Spin-Density Matrix

@ 14 x 14 submatrix of 88 x 88 SDM

@ Same model for every bin in t/

@ Model resonances with Breit-Wigner amplitudes

@ Add non-resonant background
» Phenomenologial parametrization or Deck

@ 722 free parameters
@ 76505 data points
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Extensive systematic studies m

@ 1000 Fit-attempts for the main fit — 30000 CpuH
» Randomization of start-parameters
» Release order of fit-parameters

@ More than 200 systematic studies performed

@ Studies include:

» Variation of the set of fitted waves
» Variation of the fit-model:

* Resonance content
* Resonance parametrizations
* Non-resonant parametrizations

» Variation of fit procedure:
* Formulation of the x2 function

@ 200 Fit attempts in every study — Over 40000 single fits in the systematic
studies

@ — Systematic uncertainties under control
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Is Peak in 177 0" £,(980) 7P Wave a Model Artifact?

Novel analysis method (inspired by E791 analysis, PRD 73 (2006) 032204) |

® Replace J'C = 0" isobar parametrizations by piece-wise
constant amplitudes in m+ - bins
@ Extract m3, dependence of 0" isobar amplitude from data
e Drastic reduction of model bias

e Caveat: significant increase in number of fit parameters

@ Result: the 4, (1420) signal is indep. on the f;(980) description

£ £z
[7tls £ i
o8| 0s[
osF 0.6[ B
r f,(1500) s i
04l 04l B
o2 02| || -~
o/ N oLl R s
0.5 1 15 2 23 0.3 I L3 2 25

o [GeVi] m GeVier]
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Tt S-Wave Ampll ude in ++ 37t Wave [arXiv:1509.00992]

10" [xx] . AP 00 0° lzx] . 7P
T 0.194 < 1 < 0.326 (GeV/c)’ 4 el 0.194 < 1'< 0326 (GeV/c ]
= T a 1.38 < m,_ < 1.42 GeV/c2
2 L 1
L L >U 0.995
§ 150 Z 2001 #
: : 1
r (53] -
o — 1.075.
i+ = &
L = [ 1220 0.965
L E 0 g{mzi
05l P ¥
| 0.299 +"’”'---q~ I
P P N 200 | |
0.5 1 1.5 2 25 0 0 200 400 600
my, [GeVie?] Re(T) [(Events/(GeV/c2)' "]

@ Correlation of 377 intensity around 1.4 GeV /c? with £,(980)
@ f£,(980) semicircle in Argand diagram

@ Confirms that f,(980)m signal is not an artifact of isobar
parametrization
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- = 1++ 371 Wave [arXiv:1509.00992]
0" [l . &P 00 X107 1**0* [zx] . =P

L 0.194 < ' <0.326 (GeVic) < 10f 0.194 < +'< 0.326 (GeV/cT]
N >v 0.96 < my . < 1.00 GeV/e?
- = +
L % +
E z
L z + +
N s 5+
[ 2 |
[ s 0
L +
- + *
| 1 1 e
0.5 1 1.5 2 25 0 8.5 1 .5 2 2.5
m,, [GeV/ie?] m,, [GeVic?]

@ Correlation of 37 intensity around 1.4 GeV /¢ with £,(980)
@ £,(980) semicircle in Argand diagram

@ Confirms that f,(980)m signal is not an artifact of isobar
parametrization
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7t S-Wave Ampll ude in 0~* 371 Wave [arXiv:1509.00992]

070" [xa] . TS 06 070" [nxl,,. xS
T | 0.194< 1 <0326 (Gevic? & 600f 0.194 < 1 < (1326 (GeV/e),
Z %n T 178 < my, < 1.82 GeV/e®
S = 0925
EoL & 400F P
= 15k = * 1,
- =1 -
[ é P 0,965 1(42{_11)}\
1 = }
L [:' 0 J.b_li] -.'
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i ak
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@ Coupling of 71(1800) to £,(980)7 and f,(1500)7r decay modes J
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PLE 740 (2015)

PWAof mp — 5"

” Precoil

@ Odd-spin waves: spin-exotic quantum numbers
 Disputed JP¢ = 1~ resonance signals
@ 77,(1400) in 7ty and m, (1600) in Ty’

@ Comparison of 7t and m]r’ : information about flavor structure

final state

Reconstruction from exclusive m~ w7y

@y — i m with 1° —

@ n' — mtmw ywithy — yy
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o 2000 ) 3

-~ 3 = 600F .
> 1600F - E =
- 3 b= o
“ 1200F 12 16, 8
N 3 wl 3 ] 14] 3
™~ B00f gl & ~ 1278
0 = h w 5]
() 4 5]

5 4 4.5

1 1.5 2 25 3 3.

minm ") [GeV/aﬁ]

1.5 2 25 3 35 4 45 5

m(n’=) [GeV/cz]

Jan Friedrich (TU Munich)

Hadron Spectroscopy at COMPASS

26 Sept 2016

40/32



Comparison of ]PC = 2" Partial Waves PLB 740 (2015) 303

Quark-line picture for n = (u,d) and pointlike resonances
@ 71y and 71y partial-wave intensities for spin | related by

e Different phase space and barrier factors
e Branching fraction ratio b of 7 and 5’ into -y

. qm,(m) 27 +1 ;
Nﬁ(m)mb{m] N (m)

@ g = breakup momentum

1) final state -y’ final state; 117 scaled
P 103 .
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EVEFI-Spi n Waves PLB 740 (2015) 303

JPC — 4+ 2++
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°C — 1—t Spin—Exotic Wave PLE 740 (201°

Spin-exotic [P =1+ PR
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2004 Primakoff results TLm

7~ Pb—=Pbr~ 7~ nt

. x10°
N§ 35 TP — TTTPh COMPASS 2004
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Z 250 [ RPN
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| E 02<r <10!
156 Clol<r<1
105 B> 1 (x5)
st
Y705 1 15 2 25 3
Mass of Tt System (GeV/c?)
@ "Low 1073 <t <1072  ~ 2000000 events
@ "Primakoff region”: ' <1072  ~ 1000000 events
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Chiral dynamics in 7y — 37

7 T T T T T T
6 total cross section: ey --> TTTET0 . total cross section: Try --> (T
5 A
5 Z ==~ tree approximation z = tree approximation e
o 3 with chiral loopstcts = © with chiral loopstcts. 7
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published in PRL 108 (2012) 192001  normalization: analysis ongoing
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Radiative Coupling of a»(1320) and 7»(1670) m

_x10° x10°
o, 127
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& meson w.f’s: T oc | (W] e @7 . p|w;) [2, VMD
@ normalization via beam kaon decays
@ large Coulomb correction

published in EPJ A50 (2014) 79

Jan Friedrich (TU Munich) Hadron Spectroscopy at COMPASS 26 Sept 2016 46 /32



	COMPASS

