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The COMPASS experiment

Commom Muon Proton Apparatus for Structure and Spectroscopy

Process: n=p — n-ntn—p

- Negative hadron beam (97% 7 ™)
-190GeV/c

- 40 cm liquid hydrogen target
- Data taken in 2008

- 46 - 108 events

RPD + Target

A heam
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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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Diffractive 3w production
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Diffractive 3w production

- B Bachelor
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Ptarget Precoil

@ Exclusive measurement

@ Squared Four-momentum transfer
t' = tmin — t by Pomeron P

@ Rich structure in 7~ 7 t7~ mass
spectrum

@ --- andin the 777~ subsystem

@ Correlated with ms,;
— Structures to be analysed in
the isobar (resonance) model
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Analysis procedure m
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f Resonance Parameters ]
L Masses and widths of the meson resonances J
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Partial-Wave Analysis m

Intensity Z = |Zwaves T wave Awave|2
Waves defined by: X~

i
JPCMEERL
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Partial-Wave Analysis m

Intensity Z = |Zwaves T wave Awave|2
Waves defined by: X~
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@ JPC: Spin and eigenvalues under parity and charge conjugation of X~
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Partial-Wave Analysis m

Intensity Z = |Zwaves TWaveAwave|2
Waves defined by: X~
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@ Me: Spin projection and naturality of the exchange particle

@ &: Appearing isobar, e.g. p(770)

@ 7: Indicating the bachelor 7. The same in all waves
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Partial-Wave Analysis m

Intensity Z = |Zwaves TWaveAwave|2
Waves defined by: X~

o
JPCM5§7TL

_ Bachelor
T[beam

Isobar

Ptarget Precoil
@ JPC: Spin and eigenvalues under parity and charge conjugation of X~

@ Me: Spin projection and naturality of the exchange particle

@ &: Appearing isobar, e.g. p(770)

@ 7: Indicating the bachelor 7. The same in all waves

@ L: Orbital angular momentum between isobar and bachelor pion
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Step 1: Partial-Wave Analysis

Selected Waves (1 out of total 88) in one of 11 independent bins in t’
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Step 1: Partial-Wave Analysis

Selected Waves (2 out of total 88) in one of 11 independent bins in t’
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Step 1: Partial-Wave Analysis

Selected Waves (3 out of total 88) in one of 11 independent bins in t’
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Step 1: Partial-Wave Analysis

Selected Waves (4 out of total 88) in one of 11 independent bins in t’
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Step 2: Resonance-Model Fit m

Spin-Density Matrix:
@ Diagonal elements: Intensities: SDM;; = |Tj|?
e Off-diagonal elements: Phases: SDM; = —SDM; = arg (T,-Tj*)
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@ 14 x 14 submatrix of 88 x 88 SDM from partial-wave decomposition
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Step 2: Resonance-Model Fit m

Spin-Density Matrix:
@ Diagonal elements: Intensities: SDM;; = |Tj|?
e Off-diagonal elements: Phases: SDM; = —SDM; = arg (T,Tj*)
Resonance model for spin-density matrix
@ 14 x 14 submatrix of 88 x 88 SDM from partial-wave decomposition
@ Model resonances with Breit-Wigner amplitudes

@ Each wave: One non-resonant background term

» Phenomenologial parametrization
» Partial-Wave projections of the Deck-effect
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Step 2: Resonance-Model Fit m

Spin-Density Matrix:
@ Diagonal elements: Intensities: SDM;; = |Tj|?
e Off-diagonal elements: Phases: SDM; = —SDM; = arg (T,Tj*)
Resonance model for spin-density matrix
@ 14 x 14 submatrix of 88 x 88 SDM from partial-wave decomposition
@ Model resonances with Breit-Wigner amplitudes

@ Each wave: One non-resonant background term

» Phenomenologial parametrization
» Partial-Wave projections of the Deck-effect

@ All 11 ¥ bins are fitted simultaneously; resonance parameters are the
same in all ¥’ bins
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Step 2: Resonance-Model Fit m

Spin-Density Matrix:
@ Diagonal elements: Intensities: SDM;; = |Tj|?
o Off-diagonal elements: Phases: SDM; = ~SDM; = arg (77
Resonance model for spin-density matrix
@ 14 x 14 submatrix of 88 x 88 SDM from partial-wave decomposition
@ Model resonances with Breit-Wigner amplitudes

@ Each wave: One non-resonant background term

» Phenomenologial parametrization
» Partial-Wave projections of the Deck-effect

@ All 11 ¥ bins are fitted simultaneously; resonance parameters are the
same in all ¥’ bins

@ 76505 data points
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Step 2: Resonance-Model Fit m

Spin-Density Matrix:
@ Diagonal elements: Intensities: SDM;; = |Tj|?
e Off-diagonal elements: Phases: SDM; = —SDM; = arg (T,Tj*)
Resonance model for spin-density matrix
@ 14 x 14 submatrix of 88 x 88 SDM from partial-wave decomposition
@ Model resonances with Breit-Wigner amplitudes

@ Each wave: One non-resonant background term

» Phenomenologial parametrization
» Partial-Wave projections of the Deck-effect

@ All 11 ¥ bins are fitted simultaneously; resonance parameters are the
same in all ¥’ bins

@ 76505 data points

@ 722 free parameters

» Only 51 shape parameters
» Rest: Couplings (Complex prefactors of model terms)
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Resonance-Model Fit nin
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JPC — 2++ gector
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JPC — 2++ sector
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27T sector
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27T sector
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JPC — 4++ sector
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JPC = 4++ sector
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JPC = 4++ sector
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JPC = 1++ gsector
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JPC = 1++ sector
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JPC = 1++ sector
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St T T e e e e T e
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JPC = 1++ sector

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

o8I 2tite1s 2 20
—~
&
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 v e dq 1260)
E s I . o
g Wk N
o \ T ] A '
2o el o M B \“ L | | :
=
bt
et " e T -
: "3 ay‘wm ,so,l_m 50=+170° 859=-156
£ -t a4(1640) | . -, .
s § \y i
)
L st
’ | \
ettty 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 e e

n Krinner (TUM E18) Meson Spectroscopy at COMPASS

Sep 29 201
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JPC = 1++ sector

2
0.100 < ' < 0.113 (GeV/c)* my, [GeV/c?]
10" p(TT0) &S 1IN0 £1270) 2 P 170" £(980) 7 P I P 4 p(TI0) 1 G 41 £(1270) T F
— 08 1 1214161822224 08 1 12141618 22224 08 1 12141618 2 2224 » —_
b by
>« . =
OB 1
2z ; | iy 2
IS < |
- < s
- <
G it 50=-119° 50=+34° 56=+7K, 50=+20° I 5¢= 447"
= v o e 50
g ¢ iai(1260) |
= g | \ 2 o
S H I /\”N'A‘ I
=0 \. W e ; s J Lo
s o M E I il LI
4 Liso
G a¢‘=‘+‘m° do=-ir 50=+170° 56= 15655,
L3 \ 100
5w a,(1640) . . -, o
r\:' 1s00f- ) | \y L] ) ;
= 1000 { — d ! Y4350
oy 3 ’ | 1 150
tate et ey A T T
7p — m-n x*p (COMPASS 2008) a e o=+ 0= 415490
: ® ™
Mass-independent fit = e "
Z
Mass-dependent fit S ‘ J
= i \ o
resonant 5 00
non-resonant = s | i {0
St T T e e e e T e
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ai (1 260)

Resonance-Model Fit

@ Resonance paramgters do not. 100 7p — w7 *p (COMPASS 2008)
depend on production mechanism g 250l 170" p(770) 7 S
> I 0.100 < ' < 0.113 (GeV/c)’
= r Mass-independent fit
S 200 Mass-dependent fit
g L resonant
2 [ non-resonant
‘B 150
c L
8 L
=0
lOOj
501
Cotowelc bty 1y 0 IO

06 08 1 12 14 16 18 2 22 24
my, [GeV/c?]
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ai (1 260)

Resonance-Model Fit

@ Resonance param(?ters do not. 100 7 p > n 7 mtp (COMPASS 2008)
depend on production mechanism «g 250l 1"*0* p(770) 7 S
@ Couplings and non-resonant parts E i 0.100 ;/I" < 9~i113 (C(‘ie""ff)z
. , r ass-independent fit
may vary with ¢ S 200 Mass-dependent fit
g L resonant
2 [ non-resonant
‘B 150
Z [
8 L
=0
lOOj
s0F
Cotowelc bty 1y 0 IO

06 08 1 12 14 16 18 2 22 24
my, [GeV/c?]
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ai (1 260)

Resonance-Model Fit

@ Resonance parameters do not “16° 7P — - 7-7p (COMPASS 2008)
depend on production mechanism «g 250l 170" p(770) 7 S
@ Couplings and non-resonant parts E L 0.100 ;{ 1< 9.3 13 (cffw?z
f ’ r ass-independent fit
may vary with ¢ S 200 Mass-dependent fit
@ t'-resolved analysis: better I resonant
disentangle resonant and 2 150k non-resonant
non-resonant part S I
s I
100
501
ST A

06 08 1 12 14 16 1.8 2 22 24
my, [GeV/c?]
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ai (1 260)

Resonance-Model Fit

@ Resonance parameters do not

: _ «10° 7 p = 7w 7*p (COMPASS 2008)
depend on production mechanism «g n 170" p(770) 7 S
@ Couplings and non-resonant parts E 1200 el N r'< 9326 (C(‘fw‘ff)z
. , r ke ass-independent fit
may vary with ¢ S 100k \ Mass-dependent fit
@ t'-resolved analysis: better i resonant
disentangle resonant and 2 g non-resonant
non-resonant part s f
= 60
40
201
:llulln‘..l...l..I..‘I.... I

06 08 1 12 14 16 1.8 2 22 24
my, [GeV/c?]
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ai (1 260)

Resonance-Model Fit

@ Resonance parameters do not

_ _ %10*  7p = & mp (COMPASS 2008)
depend on production mechanism T I 10" p(770) & S
@ Couplings and non-resonant parts E o 0449 N 1< 9.224 (C(iieV/cf)2
. , [ ass-independent fit
may vary with ¢ S Mass-dependent fit
@ t'-resolved analysis: better I resonant
disentangle resonant and g‘ r non-resonant
non-resonant part 5
= L
201
101
Colown e &0 o Iy 1y T

e
06 08 1 12 14 16 1.8 2 22 24
my, [GeV/c?]
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ai (1 260)

Resonance-Model Fit

@ Resonance parameters do not Tp = 777 (COMPASS 2008)
depend on production mechanism «37000; 1"*0* p(770) S
@ Couplings a}nd non-resonant parts E 60001 0.724 ;{ ta s:-ilﬁ%(;g éﬁi?;:(gi
may vary with t = F Hﬂ[ Mass-dependent fit
o t'-resolved analysis: better 50001 + resonant
disentangle resonant and £ ook + non-resonant
non-resonant part 5 f f
= 3000
; |
2000}~
: 1
1000 +
:‘.,J»mt M}MM |\¢-_u bt

06 08 1 12 14 16 1.8 2 22 24
my, [GeV/c?]
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ai (1 260)

Resonance-Model Fit

@ Resonance parameters do not Tp — 7-7-7'p (COMPASS 2008)
depend on production mechanism & 7000F 10" p(770) & §
@ Couplings and non-resonant parts % .. [ 0.724 < ' < 1.000 (GeV/c)?
may vary with ' 26000: Mass-independent fit
y y S F Hﬂ Mass-dependent fit
o t'-resolved analysis: better Z5000F + resonant
disentangle resonant and £ ook + non-resonant
non-resonant part 5 f i
= L
@ a1(1260) reproduced: = 3000~
— +13 2 [ h
Ma, (1260) 1 298_22 MeV/c 20001
: i
2 1000~
I'a1(1260 403 100 MeV/C . o M
n.,mmmm 4y

06 08 1 12 14 16 1.8 2 22 24
my, [GeV/c?]
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ai (1260
Re1sc(>nance—Mo)deI Fit TI'ITI

@ Resonance parameters do not Tp — 7-7-7'p (COMPASS 2008)
depend on production mechanism & 7000F 10" p(770) & §
@ Couplings and non-resonant parts % .. [ 0.724 < ' < 1.000 (GeV/c)?
may vary with ' 26000: Mass-independent fit
y y S F Hﬂ Mass-dependent fit
o t'-resolved analysis: better 5000 + resonant
disentangle resonant and £ ook + non-resonant
non-resonant part 5 f i
= L
@ a1(1260) reproduced: ™= 3000
Ma, (1260) = 1298_t12?2’ MeV/02 2000i i
PDG  _ 2 .
mERS 60y = 1230 + 40MeV/c : j
— +0 2 1000~
I'a1(1260) = 403_100 MeV/c . o ++
[PDG ) = 250 — 600 MeV/c? e ] e,

06 08 1 12 14 16 1.8 2 22 24
my, [GeV/c?]
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ai (1260
Re1sc(>nance—Mo)deI Fit TI'ITI

@ a4(1260) reproduced:

Ma, (1260) = 1298_t12?2’ MeV/02 2000
MBS0, = 1230 + 40 MeV /2

@ Resonance parameters do not Tp — 777 (COMPASS 2008)
depend on production mechanism & 7000F 10" p(770) & §
@ Couplings and non-resonant parts % 6000E 0.724 < 1" < 1.000 (GeV/c)?
may vary with ¢/ = g J[ + Mass-‘l‘ndependent t}t
. S r ﬂ Mass-dependent fit
@ t'-resolved analysis: better <5000 f resonant
disentangle resonant and §4oooi non-resonant
non-resonant part 5 f
= 3000

[ a(1260) = 40319, MeV/c? 1000

+
i
+
by
[P2C 50) = 250 — 600 MeV/c? e ] e,

. . 06 08 1 12 14 16 1.8 2 2224
@ Weak signal for excited a;(1640); my, [GeV/c2]

only visible in log-scale
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a;(1420)

A new signal: (Phys. Rev. Lett. 115, 082001 (2015))

[1°°0" £(980) 77 P] - [1°0°" p(770) 71|

Bof

S «10* TP — T (COMPASS 2008)
S ; & 30 1707 £ (980) 7P
i3 3 0.100< t' <1.000 (GeV/c)?
s I S 25 Mass-independent fit
-100F ! S I Mass-dependent fit
g ' ) = I resonant

( 0.100< t' <0.113 (GeV/c)’ =~ 207
af > °F non-resonant

. i ‘04‘/)9 t< O724(Ge\/) : |

DS DB 1 12 14 16 18 2 22 24 m N

my, [Gev/c] § 15—

£ r

10F

5-

C el b L N L T T
06 08 1 12 14 16 18 2 22 24
m,,, [GeVic]
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a;(1420)

A new signal: (Phys. Rev. Lett. 115, 082001 (2015))

[1°°0" £(980) 77 P] - [1°0°" p(770) 71|

Faoor
S-1500
WS 150
| E
%1005— 4 )
50E
o
E f
506
-100- ]
-150- 0.100 < t' < 0.113 (GeV/c)
—200} Loudl ) 0899 <t <0.724 (GeV) )
DSDB 1 12141618 2 2224
m,, [Gev/cy

[1°°0" £(980) 7 P] - [4"T" p(770) 7 G]

49~ 5pldeq]
g 8

£ 88 o @

s
.

g
AR

F 0113<t <0127 (Gev/cy |
E op=215

o b b b b bon o bon Lo by
0608 1 12 1416 18 2 22 24
m,, [Gev/cy

Fabian Krinner (TUM E18)

x1f TP — i rp (COMPASS 2008)

T 3 17°0° 1 (980) 7P

2 f 0.100< t' <1.000 (GeVic)?

S 25 Mass-independent fit

] F Mass-dependent fit

:’ L resonant

> O non-resonant
i
T 15
£ r
10F

5-

AT IEEat e T TN Feet re ove

06 08 1 12 14 16 18 2 22 24

m,,, [GeVic]
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a;(1420)

A new signal: (Phys. Rev. Lett. 115, 082001 (2015))

@ New signal: a;(1420)

@ Decay to 1 (980)r

Fabian Krinner (TUM E18)

x1f TP — i rp (COMPASS 2008)

T 3 17°0° 1 (980) 7P

2 f 0.100< t' <1.000 (GeVic)?

S 25 Mass-independent fit

] F Mass-dependent fit

:’ L resonant

> O non-resonant
‘7 [
T 15
£ r
10F

5
AT IEEat e T TN Feet re ove
06 08 1 12 14 16 18 2 24

Light-Meson Spectroscopy at COMPASS

sep2d 2016  17/32



a;(1420)

A new signal: (Phys. Rev. Lett. 115, 082001 (2015))
@ New signal: a;(1420)

@ Decay to ,(980)r < 20 TP = TR f%ﬁﬂfpggifﬁoﬁ)

S F 2

@ Many possible explanations: g o 0.100 T\A;;fn%ggé%ﬁiﬂt

» Triangle diagram S [ M ass-dependent fit

M. Mikhasenko, B. Ketzer, A. = ok resonant

Sarantsev: Phys. Rev. D 91, 21 non-resonant
094015 (2015) 5 15i
» Two-channel unitarized Deck E 1
amplitude + direct a;(1260) r
production lor
J.-L. Basdevant, E. L. Berger, r

Phys. Rev. Lett. 114, 192001 5
(2015) TR AT N e s
06 08 1 12 14 16 1.8 2 24

Fabian Krinner (TUM E18) Light-Meson Spectroscopy at COMPASS Sep 2nd 2016 17/32



a;(1420)

A new signal: (Phys. Rev. Lett. 115, 082001 (2015))
@ New signal: a;(1420)

x1f TP — o rp (COMPASS 2008)

@ Decay to 1 (980)r

Width:
I‘a1(1420) = 15845% MeV/02

Fabian Krinner (TUM E18)

Light-Meson Spectroscopy at COMPASS

& 80 1707 £ (980) TP
r 1 2
@ Many possible explanations: g o 0.100 ?A;;ilh%g.gé%a’q{ﬂt
» Triangle diagram S L M ass-dependent fit
M. Mikhasenko, B. Ketzer, A. = 0 resonant
Sarantsev: Phys. Rev. D 91, 2 non-resonant
094015 (2015) S 15i
» Two-channel unitarized Deck g 1
amplitude + direct a;(1260) r
production 10;
J.-L. Basdevant, E. L. Berger, r
Phys. Rev. Lett. 114, 192001 5
(2019) TR AT N Fr e s
@ Mass: 06 08 1 12 14 16 18 2 22 24
My, (1420) = 1411.874 MeV /¢ my,, [Gev/cs

Sep 29 2016
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Summary of the ay(. . .)

JFPC = 2++ sector:

@ Clearest Resonance in the analysis: a»(1320)
(Nearly no non-resonant contribution)

@ Excited a»(1700) also extracted
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Summary of the ay(. . .)

JFPC = 2++ sector:

@ Clearest Resonance in the analysis: a»(1320)
(Nearly no non-resonant contribution)

@ Excited a»(1700) also extracted

JPC = 4++ sector:
@ a4(2040) resonance found
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Summary of the ay(. . .)

JFPC = 2++ sector:

@ Clearest Resonance in the analysis: a»(1320)
(Nearly no non-resonant contribution)

@ Excited a»(1700) also extracted

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 a;(1420) signal found in the 17+0"£(980)r P wave
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0-+0"£,(980)7S
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The 0-"0%£(980)xS wave

x10° TP — 1 rp (COMPASS 2008) [0770" £(980) S| - [1770" p(770) T §] [0770" £(980) 77 §] - [170" ,(1270) 77 P]
& 200 oo f,(980) 7S §2w;0100<t‘ <0.113 (GeV/c)? §2 0.100 < t' < 0.113 (GeV/c)?
3 1g 0-100<t <0113 (Gev/cy’ S7F sp=140° h=h Sp=-33
s Mass-independent fit %150; S
© 16F Mass-dependent fit | r |
S’ Lo} resorent s 1800) o 1005 o1
> non-resonant N o5 N
B 12- 3
g9 ¢
B 50
6 -1005
4 -150E
E3 2006 E
il NS S e = s i | ol NI N W N R PN N N ST | ol T N T N FET NN N S S
0608 1 12141618 2 22 24 0608 1 12 14 16 1.8 2 22 24 0608 1 12 14 16 18 2 22 24
m,, [Gevic] m,, [Gevic] m,, [Gevic]
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The 0-"0%£(980)xS wave

x10° 7P — o p (COMPASS 2008) [0770" £(980) S| - [1770" p(770) T §] [0770" £(980) 77 §] - [170" ,(1270) 77 P]

& 20 070°1(980) 7S B 200k 0100 < t' <0.113 (GeV/c) B ook 0.100 < t' < 0.113 (GeV/c)?

3 1g 0-100<t <0113 (Gev/cy’ S Sp=140° o7 Sp=-33
s Mass-independent fit e .%150;
© 16F Mass-dependent fit | | F
S’ Lo} resorent s 1 800) oI o100
> non-resonant N N 506
T 12F E
g9 ¢
=4 =
6F -1005
a -150F
2 2006

il WS Sl A T n = IE T EWEE FETE N P PR ST Fae =l FWWE NS FETE FETE N N FEE SR S

0608 T 12 14 16 16 2 2224 0608 1 12 id 1618 2 2254 06 08 1 12 14 16 18 2 22 24

m,, [Gevic] m,, [Gevic] m,, [Gevic]

mﬂ.(1300) = 18026t25 MeV/02 ) F,r(1800) = 218t251 MeV/c2
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The 0-"0%£(980)xS wave

x10° TP — 1 rp (COMPASS 2008) [0770" £(980) S| - [1770" p(770) T §] [0770" £(980) 77 §] - [170" ,(1270) 77 P]
& 200 oo f,(980) 7S ?200:— 0.100< t' < 0.113 (GeV/c)? §2 0.100 < t' < 0.113 (GeV/c)?
3 1g 0-100<t <0113 (Gev/cy’ S7F sp=140° ST Sp=-33
s Mass-independent fit %150; S
©  16F Mass-dependent fit 1 F |
S’ Lo} resorent {1 800) o 1005 o 100F
> non-resonant N 506 N 506 iy
o 12k £ £ N R
é 10F o o v"hn’”w’ b
T e S0 s
6F -100- 1000
a 150 150>
2 200 200
il NEWE B N - . i P Fi, LT | ol NI N W N R PN N N ST | ol T N T N FET NN N S S
0608 1 12 14 16 1.8 2 22 24 0608 1 12 14 16 1.8 2 22 24 0608 1 12 14 16 18 2 22 24
m,, [Gevic] m,, [Gevic] m,, [Gevic]

mﬂ.(1300) = 18026t25 MeV/02 ) F,r(1800) = 218t231 MeV/02

mPPG ) = 1812+ 12MeV/c?; P28\ = 208 + 12MeV/c?
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171 p(770)7 P

ian Krinner (TUM E18) Meson Spectroscopy at COMPASS Sep 2nd 2016 21/32




The 1-"1"p(770)7 P wave

T — T (COMPASS 2008)

[1°1" p(770) 7T P] - [4"*1" p(770) 1G]

[L1 p(770) TP) - [4""Y £(1270) F]

55000* T p(770) mP|  Boo0f 0100 <t <0.113 (Gev/c)? Bood <t <0.113 (GeV/c)?
3 0.100< t < 0.113 (GeV/c)? % p=-24.6° ’ ‘% op=-89
Sewf | Ve 3 A
ass-aepenaent 11 1 u I
= f resonant %100 | | |\ <S‘100 - !
%, 30001 non-resonant 506 } e 506
z o [ARREL N o
= 20000 ol | M\ y i *}\ -s0f- ‘
-100 } H ! w\’ ‘ -1000 i ‘
10001 } | }
f ~150- M -150¢- |
hlmw.r?w‘ T Ly Dt Ly oed o _Zwiw‘\}\\‘\H‘\H‘H\‘\H‘\H‘H\‘H\\}‘\\H‘\ _ZOOTMH\uw\wu\wu\uwhuhu\ud\“w“mh
06 08 1 12 14 16 1.8 2 22 24 06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 18 2 22 24

m,, [Gevic]

m,, [Gevic]

m,, [Gev/c]

Resonant component very weak at low t/

Fabian Krinner (TUM E18)

Light-Meson Spectroscopy at COMPASS
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The 1-"1"p(770)7 P wave

T — T (COMPASS 2008)

[1°1" p(770) 7T P] - [4"*1" p(770) 1G]

[L1 p(770) TP] - [4""Y £(1270) TF]

I*1" p(770) TP ?200 L 0.449 < t' < 0.724 (GeV/c)? ?2007 ‘ 0.449 < t' < 0.724 (GeV/c)?
[0.449 <t <0.724 (GeV/c)? s sp=-22| BTF ! } Sp=-11°
Mass-independent fit S 1508 | | S1500 }
I Mass-dependent fit | | 1
resonant 51008 | | s Iy
[ non-resonant Hﬂj N 5 | I i N g | \Q
J oE‘ ‘ ‘}\ | } | W, o A | g
E ‘ I ‘ q * R ! Bt |
-50- | T : (e
o ! i " | )
F I ‘\
-150¢ | t } ”
¥ [ty il I s mmnl’" _Zw;\‘u\‘\u‘\H‘\H‘\H‘H\‘H\‘H\‘\H“\ | I I I I | AT B NI B e
06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 18 2 22 24
m,, [Gevic] m,, [Gevic] m,, [Gev/c]

Resonant component more important at higher t’

Fabian Krinner (TUM E18)
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The 1-"1"p(770)7 P wave

mp — o rp (COMPASS 2008) [1°1" p(770) 77 P] - [4""1" p(770) 7 G] [11" p(770) 17 P] - [4""1" £(1270) 7T F]
o = = T n = TT y
2 1000 ;;;;2(373)17502 e §’200;—‘ ‘ ‘ [ [‘ 0724<1 <1000 ((ie\luc; Bad || | ‘ 734 < t' < 1,000 (GeV/c)’
> . .000 (GeV/c) S | H = 16. < “ |
s Mass-independent fit WS 150 \ | W }l 1S 150 |
o [ Mass-dependent fit 1 r |
% 800F resonant s.lw?| “ 51008 |
> non-resonant N 5 | } N 500 } | | |
Z ;
5 600 o | 0F
= £
4001 | il } | S0
| | -100F- -100t-
200 | H -150- -1505
d ) i x h \ 2006 200
Uﬂm 1 L S T S T SO B O B T ST S S S T N N B S ST
O 6 0.8 1 1 2 14 1. 8 1 8 2 2 2 24 06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 18 2 22 24
m,, [Gevic] m,, [Gevic] m,, [Gev/c]

Resonant component more important at higher t’
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The 1-"1"p(770)7 P wave

Phase-motion

[T p(770) 7 P] - [0°"0" £ (980) 77§

[1*1" p(770) 7 P] - [17*0" p(770) 1 S|

= F = F 0.100 < t' <0.113 (GeV/c)?
g 200F g 200 ¢
S 3 S . 0.449 < t' < 0.724 (GeV/c)
(8] 150: S 150, * 0.724 < t' < 1.000 (GeV/c)?
I - | ‘
%1005 %100 (W
50 50 \ | -
o ok jige
50 501 |
-100- 1005
F 0.100<t' <0.113 (GeV/c)? + "
=150 (104 —150+
F 0449 <t <0.724 (GeV/cy? -
_200; 0'724\ Srirop (Gew‘wc)zw [ T | _200; [ | Lovalinal
06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 18 2 22 24

m,, [Gev/c]

Fabian Krinner (TUM E18)

Light-Meson Spectroscopy at COMPASS

sep2d 2016  23/32



The 1-"1"p(770)7 P wave

Phase-motion

[T p(770) 7 P] - [0°"0" £ (980) 77§

[1*1" p(770) 7 P] - [17*0" p(770) 1 S|

=S = 0.100 < t' <0.113 (GeV/c)?
g 200; g 200 i
S 3 S . 0.449 < t' < 0.724 (GeV/c)
(8] 150: S 150, * 0.724 < t' < 1.000 (GeV/c)?
I - | ‘
%1005 3_100 i
50 50 \ | -
o ok jige
-501- 5o \
—~1000 1000
F 0.100<t' <0.113 (GeV/c)? +
=150 (104 =150
F 0449 <t <0.724 (GeV/cy? i
_200; 0'724\ Srirop (Gew‘wc)zw [ T | _200; [ | Lovalinal
06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 18 2 22 24

m,, [Gev/c]
Rather broad 71(1600)
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JPC = 2=+ sector
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2~ sector

.) resonances
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2~ sector

.) resonances
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x10° _Tp = 7 7-7'p (COMPASS 2008) ¢ _Tp = 7 a-x'p (COMPASS 2008)
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Summary of the my(. . .)

JPC = 0~ sector:
@ One wave included: 0~1t0" £ (980)7S
@ 7(1800) resonance reproduced
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Summary of the my(. . .)

JPC = 0~ sector:
@ One wave included: 0~1t0" £ (980)7S
@ 7(1800) resonance reproduced

JPC = 1-* sector:
@ One wave in the fit: 1771 p(770)7 P

@ Signal consistent with Breit-Wigner resonance, but large non-resonant
contribution

@ Resonance can’t be explained within the simple quark model
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Summary of the my(. . .)

JPC = 0~ sector:
@ One wave included: 0~1t0" £ (980)7S
@ 7(1800) resonance reproduced

JPC = 1-* sector:
@ One wave in the fit: 1771 p(770)7 P

@ Signal consistent with Breit-Wigner resonance, but large non-resonant
contribution

@ Resonance can’t be explained within the simple quark model

JPC = 2=+ sector:
@ Three 2= resonances included
@ 7m(1670), m2(1880) and m2(2005)
» m2(1670) dominant in £(1270)7S-wave decays

» m2(1880) dominant in £(1270)7D-wave decays
» 72(2005) only seen once before
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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

Fabian Krinner (TUM E18) Light-Meson Spectroscopy at COMPASS Sep 2nd 2016 28/32



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:

Fabian Krinner (TUM E18) Light-Meson Spectroscopy at COMPASS Sep 2nd 2016 28/32



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

Fabian Krinner (TUM E18) Light-Meson Spectroscopy at COMPASS Sep 2nd 2016 28/32



Extensive systematic studies m

@ 1000 Fit-attempts for the main fit — 30000 CpuH

» Randomization of start-parameters
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@ More than 200 systematic studies performed
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* Non-resonant parametrizations
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@ 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 x? function

@ 200 Fit-attempts in every study — Over 40000 single fits in the
systematic studies
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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 x? function

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

@ — Systematic uncertainties under control
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Parameters of ay(. ..) resonances

08Prelimi nary mp ~ mr'p (COMPASS 2008)
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Parameters of 7y(...) resonances

o8 Preliminary mp ~ mr'p (COMPASS 2008)
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Results TUM
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Conclusions nin

@ 46 - 10° exclusive events for
7~ p — 7w tw~ p collected by
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Conclusions nin
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Conclusions TUTI
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Conclusions TUTI

@ 46 - 10° exclusive events for
7~ p — 7w tw~ p collected by

CoMmPASS
@ Two-step analysis: moa m a I
» Partial-Wave Decomposition 2400 | 1
* Model with 88 waves 2200
» Resonance-Model Fit 2000

* Subset of 14 waves
* Main known resonances
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1600
reproduced 1400
* All resonance parameters I
determined in one single fit 1200
* New signal: a;(1420) 1000 i :
* Exotic signal consistent with 8000 ——— L —
Breit-Wigner o 1 ot o2t 2 4
@ Extensive systematic studies
performed

@ Publication in preparation
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