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The COMPASS experiment

Common Muon and Proton Apparatus for Structure and Spectroscopy

RPD + Target

/Beam

190 GeV/c? negative hadron (pion) beam on liquid hydrogen (proton) target.
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Diffractive 3w production m

@ ComPASss: World’s largest data-set up to
now for the diffractive process
Theam + P — T T T~ +p

T[l:eam X~ ZA
taken in 2008 b ™
(~ 46 - 10° exclusive events)

Ptarget Precoil

@ Exclusive measurement
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Diffractive 3w production m

@ ComPASss: World’s largest data-set up to
now for the diffractive process

_ Lz
Theam + p—mm Thachelor + P Theam X~ Bac};_elor
taken in 2008 Isob o
6 . P sobar _
(~ 46 - 10° exclusive events) "
Ptarget Precoil

@ Exclusive measurement

@ Squared four-momentum t’ transferred by
Pomeron P

Entries/ (5 MeV/c?)

@ Rich structure in 7~ 77~ mass spectrum:
Intermediary states X~

@ Also structure in 77~ subsystem:
Intermediary states ¢ (Isobar) ot e
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Diffractive 3w production m

@ ComPASss: World’s largest data-set up to
now for the diffractive process

_ Lz
Theam + p—mT Thachelor + p Theam X Bac};_elor
takenin 2008 o tsobar x
(~ 46 - 108 exclusive events) n
Prarget Precoil

@ Exclusive measurement

@ Squared four-momentum t’ transferred by
Pomeron P

Entries/ (5 MeV/c?)

@ Rich structure in 7~ 77~ mass spectrum:
Intermediary states X~

@ Also structure in 77~ subsystem:
Intermediary states ¢ (Isobar) ot e

@ Published in PRD 95 (2017) 032004
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Partial-Wave Analysis m

2
I(7)= ‘Z’fﬂbi (7) Ai (M- 7+)
Waves defined by: T —_ [ ]P)C(II/IE} Bac7}T1_elor
[L]
JPC e crl p| oSN
Pamget —™ T Precol
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Partial-Wave Analysis m

2
I(7)= ‘Z’fﬂbi (7) Ai (M- 7+)
Waves defined by: T —_ [ ]P)C(II/IE} Bac7}T1_elor
[L]
JPC e el p| oSN
Pamget —™ T Precol

@ JPC: Spin and eigenvalues under parity and charge conjugation of X~
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Partial-Wave Analysis m

2

Z(7)= ‘Z Tt (7) D (M-t )
Waves defined by: T —_ [ ]p)(j(]IAE} Bac7}T1_elor
[L]
JPC e crl p| tsobarNa ™
Pamget —™ T Precol

@ JPC: Spin and eigenvalues under parity and charge conjugation of X~
@ M=: Spin projection of X~ and naturality of the exchange particle
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Partial-Wave Analysis m

2

Z(7)= ‘Z Tt (7) D (M-t )
Waves defined by: T —_ [ ]p)(j(]IAE} Bac7}T1_elor
[L]
JPC e £rl p| tsobarNa ™
Pamget —™ T Precol

@ JPC: Spin and eigenvalues under parity and charge conjugation of X~
@ M-e: Spin projection of X~ and naturality of the exchange particle
@ ¢: Appearing fixed or freed isobar, e.g. p (770) or [r7]--
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Partial-Wave Analysis m

2

I(7)= ‘Z’fﬂbi (7) A (My- )
Waves defined by: T —_ [ ]p)(j(]IAE} Bac7}T1_elor
[L]
JPC e cml p| tsobarNa ™
Paget —™ T Precoil

@ JPC: Spin and eigenvalues under parity and charge conjugation of X~
@ M-e: Spin projection of X~ and naturality of the exchange particle

@ ¢: Appearing fixed or freed isobar, e.g. p (770) or [r7]--

@ : Indicating the bachelor 7—. Always the same
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Partial-Wave Analysis m

2

Z(7)= ‘Z Tt (7) D (M-t )
Waves defined by: T —_ [ ]p)&/ﬂ Bac7}T1_elor
[L]
JPC e crl p| tsobarNa ™
Pamget —™ T Precol

@ JPC: Spin and eigenvalues under parity and charge conjugation of X~
@ M-e: Spin projection of X~ and naturality of the exchange particle

@ ¢: Appearing fixed or freed isobar, e.g. p (770) or [r7]--

@ : Indicating the bachelor 7—. Always the same

@ L: Orbital angular momentum between isobar and bachelor pion
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The isobar model nin

@ Intermediary states: Dynamic amplitudes A (m):
Complex-valued functions of the invariant mass of the state
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The isobar model nin

@ Intermediary states: Dynamic amplitudes A (m):
Complex-valued functions of the invariant mass of the state

@ Simplest example: Breit-Wigner amplitude with known mass my and
width 'y of a resonance:

molo

Apw (M) =
aw (M) m2 — m? — imelo
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The isobar model nin

@ Intermediary states: Dynamic amplitudes A (m):
Complex-valued functions of the invariant mass of the state

@ Simplest example: Breit-Wigner amplitude with known mass my and
width 'y of a resonance:

molo
m2 — m? — imelo

ABW (m) =

@ Analysis performed in bins of my- = ms,.. Dynamic amplitude of 37 state
X~ inferred form the data (Previous two talks)
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The isobar model nin

@ Intermediary states: Dynamic amplitudes A (m):
Complex-valued functions of the invariant mass of the state

@ Simplest example: Breit-Wigner amplitude with known mass my and
width 'y of a resonance:

molo
m3 — m? — imelo

ABW (m) =

@ Analysis performed in bins of my- = ms,.. Dynamic amplitude of 37 state
X~ inferred form the data (Previous two talks)

@ Dynamic amplitude of 7~ =+ state ¢£: Model input in conventional PWA
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The isobar model nin

PN Dynamic isobar amplitude: £ (1270), J™
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The isobar model nin

PN Dynamic isobar amplitude: ps (1690), J™ =37~
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The isobar model

Intensity
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PN Dynamic isobar amplitude: f (980), J™©
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The isobar model nin

@ Intermediary states: Dynamic amplitudes A (m):
Complex-valued functions of the invariant mass of the state

@ Simplest example: Breit-Wigner amplitude with known mass my and
width 'y of a resonance:

molo
m3 — m? — imelo

ABW (m) =

@ Analysis performed in bins of my- = ms,.. Dynamic amplitude of 37 state
X~ inferred form the data (Previous two talks)
@ Dynamic amplitude of 7~ =+ state ¢£: Model input in conventional PWA

@ Physical dynamic isobar amplitudes may differ from the model
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The isobar model nin

@ Intermediary states: Dynamic amplitudes A (m):
Complex-valued functions of the invariant mass of the state

@ Simplest example: Breit-Wigner amplitude with known mass my and
width 'y of a resonance:

molo
m3 — m? — imelo

ABW (m) =
@ Analysis performed in bins of my- = ms,.. Dynamic amplitude of 37 state
X~ inferred form the data (Previous two talks)
@ Dynamic amplitude of 7~ =+ state ¢£: Model input in conventional PWA
@ Physical dynamic isobar amplitudes may differ from the model

@ Free parameters in dynamic isobar amplitudes computationally unfeasible
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Freed-isobar method nin

Step-like isobar amplitudes

@ Total intensity in one (ms,, t')-bin as function of phase-space variables 7:
2

waves

(7) = Z Ti [¢i (7) A; (M~ -+ ) + Bose Symm.]

Fit parameters: Production amplitudes 7;
Fixed: Angular distributions v (7), dynamic isobar amplitudes A; (M, - .+)

Fabian Krinner (TUM) Extended Freed-Isobar PWA sep27tM 2017  6/15



Freed-isobar method nin

Step-like isobar amplitudes

@ Total intensity in one (ms,, t')-bin as function of phase-space variables 7:
2

waves

Z Ti [vi (7 M- +) + Bose Symm.]

Fit parameters: Productlon amplitudes T;

Fixed: Angular distributions v (7), dynamic isobar amplitudes A; (M, - .+)
@ Replace fixed isobar amplitudes by piece-wise constant function:

Aj (mw—7r+) - Z f?ibinAlfin (m-,r—ﬁ+) = [7T7T]JPc
bins
~ 1, if m,— .+ in the bin.
Al,)'m (m7r*7r+) _ , 1Tmg 7|—l+ in the bin
0, otherwise.
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Freed-isobar method nin

Step-like isobar amplitudes

@ Total intensity in one (ms,, t')-bin as function of phase-space variables 7:
2

waves

Z Ti [vi (7 M- +) + Bose Symm.]

Fit parameters: Productlon amplitudes T;

Fixed: Angular distributions v (7), dynamic isobar amplitudes A; (M, - .+)
@ Replace fixed isobar amplitudes by piece-wise constant function:

Aj (mw—7r+) - Z fyibinAlfin (m-,r—ﬁ+) = [7T7T]JPc
bins
~ 1, if m,— .+ in the bin.
Al,)'m (m7r*7r+) _ , 1Tmg 7|—l+ in the bin
0, otherwise.

@ Each m,- .+ bin behaves like an independent partial wave 7;,""* = 7;.7;":
2

waves bins

Z Z Tbln '(/)l Abln ( o ﬂ_+) -+ Bose Symm]

i bin

Fabian Krinner (TUM) Extended Freed-Isobar PWA sep27tM 2017  6/15



Freed-isobar method nin

Step-like isobar amplitudes

@ Total intensity in one (ms,, t')-bin as function of phase-space variables 7:
2

waves

Z Ti [vi (7 M- +) + Bose Symm.]

Fit parameters: Productlon amplitudes T;

Fixed: Angular distributions v (7), dynamic isobar amplitudes A; (M, - .+)
@ Replace fixed isobar amplitudes by piece-wise constant function:

Aj (mw—7r+) - Z fyibinAlfin (m-,r—ﬂﬁ-) = [7T7T]JPc
bins
~ 1, if m,— .+ in the bin.
Al,)'m (m7r*7r+) _ , 1Tmg 7|—l+ in the bin
0, otherwise.

@ Each m,- .+ bin behaves like an independent partial wave 7;,""* = 7;.7;":
2

waves bins

Z Z Tbln '(/)l Abln ( o ﬂ_+) -+ Bose Symm]

i bin

@ Approach similar to binning in ms;
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Freed-isobar method LM

Step-like isobar amplitudes

@ Total intensity in one (ms,, t')-bin as function of phase-space variables 7:
[llustration

(7

Fit parameters:

Fixed: Angular
@ Replace fixed is

udes A; (M- +)

A

e 77bin — ﬁ%bin:
2

@ Eachm,- .. bi

(7)= Symm. |

@ Approach similar to binning in ms;
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Freed-isobar method LM

Step-like isobar amplitudes

@ Total intensity in one (ms,, t')-bin as function of phase-space variables 7:
[llustration

(7

Fit parameters:

Fixed: Angular
@ Replace fixed is

udes A; (M- +)
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@ Each m,— .+ bi e Tbln Tybm:

(1) =

@ Approach similar to binning in ms;
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First freed-isobar analysis in

@ Fixed-isobar analysis

» Wave set: 88 waves
» 100 ms, bins, 11 t’ bins
» Introduced by S. Wallner
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First freed-isobar analysis in

@ Fixed-isobar analysis

» Wave set: 88 waves
» 100 ms, bins, 11 t’ bins
» Introduced by S. Wallner

@ Three waves with 0+ isobar
freed:
» 070" [nr]p++7S
» 1710  [rr]gre P

» 2710 [nr]pr+mD
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First freed-isobar analysis in

@ Fixed-isobar analysis

» Wave set: 88 waves
» 100 ms, bins, 11 t’ bins
» Introduced by S. Wallner

@ Three waves with 0™ isobar
freed:
» 070" [nr]p++7S
» 1710  [rr]gre P
» 2710 [nr]pr+mD

@ Replace 7 fixed-isobar waves
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First freed-isobar analysis in

@ Fixed-isobar analysis
» Wave set: 88 waves

Maféhing isobar quantum numbers
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First freed-isobar analysis in

@ Fixed-isobar analysis

» Wave set: 88 waves _ 00" [, TS 08

» 100 ms, bins, 11 t' bins & ; 0194<t <0.326(GeVicy 0.22

» Introduced by S. Wallner é - 0.2

= I 0.18

@ Three waves with 0™ isobar EE I 0.16

freed: ST R 0.14

» 070 [rr]ge+ S r 812

» 1Tto+ [r7]o+s P l:* e 0.08

» 2710 [nr]pr+mD - 0.06

@ Replace 7 fixed-isobar waves 0.5 g'g‘z‘
. . L L L L \ ‘ [ L \ ’
@ Published in PRD 95 (2017) 05 1 15 5 55 0

032004 m,,, [GeVicy]

@ Promising results
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Freed-isobar wave set

Extended wave set

@ Extend freed-isobar wave set
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Freed-isobar wave set

Extended wave set

@ Extend freed-isobar wave set

@ Free isobar dynamic amplitudes of 11 biggest waves:
» Minimize potential leakage
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Freed-isobar wave set

Extended wave set

@ Extend freed-isobar wave set

@ Free isobar dynamic amplitudes of 11 biggest waves:
» Minimize potential leakage

Freed-isobar wave set
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Freed-isobar wave set

Extended wave set

@ Extend freed-isobar wave set

@ Free isobar dynamic amplitudes of 11 biggest waves:
» Minimize potential leakage

@ Add spin exotic 1~ 1" [rr]{-- 7P wave
» Wave of major interest
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Freed-isobar wave set

Extended wave set

@ Extend freed-isobar wave set

@ Free isobar dynamic amplitudes of 11 biggest waves:
» Minimize potential leakage

@ Add spin exotic 1~ 1" [rr]{-- 7P wave
» Wave of major interest

@ 12 freed-isobar waves replace 16 fixed-isobar waves
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Freed-isobar wave set

Extended wave set

@ Extend freed-isobar wave set

@ Free isobar dynamic amplitudes of 11 biggest waves:
» Minimize potential leakage

@ Add spin exotic 1~ 1" [rr]{-- 7P wave
» Wave of major interest

@ 12 freed-isobar waves replace 16 fixed-isobar waves

@ In addition 72 fixed-isobar waves in the model
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Freed-isobar wave set

Extended wave set

@ Extend freed-isobar wave set

@ Free isobar dynamic amplitudes of 11 biggest waves:
» Minimize potential leakage

@ Add spin exotic 1~ 1" [rr]{-- 7P wave
» Wave of major interest

@ 12 freed-isobar waves replace 16 fixed-isobar waves
@ In addition 72 fixed-isobar waves in the model
@ 40 MeV wide ms, bins from 0.5 to 2.5 GeV

@ 4 non-equidistant bins in ¢/
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Freed-isobar wave set

Extended wave set

@ Extend freed-isobar wave set

@ Free isobar dynamic amplitudes of 11 biggest waves:
» Minimize potential leakage

@ Add spin exotic 1~ 1" [rr]{-- 7P wave
» Wave of major interest

@ 12 freed-isobar waves replace 16 fixed-isobar waves
@ In addition 72 fixed-isobar waves in the model

@ 40 MeV wide ms, bins from 0.5 to 2.5 GeV

@ 4 non-equidistant bins in ¢/

@ 50 bins in ms,, 4 bins in t': 4 x 50 = 200 independent bins
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Zero mode in the spin-exotic wave

What is a “zero mode”?

@ Freed-isobar analysis: much more freedom than fixed-isobar analysis
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Zero mode in the spin-exotic wave

What is a “zero mode”?

@ Freed-isobar analysis: much more freedom than fixed-isobar analysis

» Causes continuous mathematical ambiguities in the model
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Zero mode in the spin-exotic wave

What is a “zero mode”?

@ Freed-isobar analysis: much more freedom than fixed-isobar analysis

» Causes continuous mathematical ambiguities in the model

@ “Zero mode” = dynamic isobar amplitude Q (m, - .+), that does not
contribute to the total amplitude

@ Spin-exotic wave:
Y (T)Q(My-5+) + Bose Symm. =0

at every point 7 in phase space
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Zero mode in the spin-exotic wave

Mathematical origin

@ Process: X~ — {my — 71'1_71';#3_.
@ Condition for zero mode at all points 7 in phase-space:

¥ (T123) Q(my2) + Bose Symm. =0 (1)
@ Tensor formalism with pion momenta defined in the X~ rest frame:

¥ (Th23) X P1 X P3
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Zero mode in the spin-exotic wave

Mathematical origin
@ Process: X~ — {my — 71'1_71';#3_.
@ Condition for zero mode at all points 7 in phase-space:
¥ (T123) Q(my2) + Bose Symm. =0 (1)
@ Tensor formalism with pion momenta defined in the X~ rest frame:
¥ (T123) o< P1 % Ps
@ Bose symmetrization (r; < 75 ):

P x B3 Q(Mi2) + Ps x Pr Q(M23) = Pr x Ps [Q(mM2) — Q (M23)]
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Zero mode in the spin-exotic wave

Mathematical origin
@ Process: X~ — {my — 71'1_71';#3_.
@ Condition for zero mode at all points 7 in phase-space:
¥ (T123) Q(my2) + Bose Symm. =0 (1)
@ Tensor formalism with pion momenta defined in the X~ rest frame:
¥ (T123) o< P1 % Ps
@ Bose symmetrization (r; < 75 ):

P x B3 Q(Mi2) + Ps x Pr Q(M23) = Pr x Ps [Q(mM2) — Q (M23)]

» Fulfill eq. (1) at every point in phase space = Q (m;) = const.
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Zero mode in the spin-exotic wave

Mathematical origin
@ Process: X~ — {my — 7T1_7TEF7T3_.
@ Condition for zero mode at all points 7 in phase-space:
Y (Ti23) 2 (mM12) + Bose Symm. = 0 (1)
@ Tensor formalism with pion momenta defined in the X~ rest frame:
¥ (Tras) o< Pr X Ps
@ Bose symmetrization (r; < 75 ):

P x B3 Q(Mi2) + Ps x Pr Q(M23) = Pr x Ps [Q(mM2) — Q (M23)]

» Fulfill eq. (1) at every point in phase space = Q (m;) = const.

o If Q(m;) is added to the physical dynamic isobar amplitude AP's (mg),
the total amplitude, and thus the intensity, is not altered:

| (7) AP (mg) + B. S.|7 = [ (7) [AP2 (me) + CQ (me)] + B. .|

for any complex-valued zero-mode coefficient C
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Zero mode in the spin-exotic wave

Mathematical origin
@ Process: X~ — {my — 7T1_7TEF7T3_.
@ Condition for zero mode at all points 7 in phase-space:
¥ (T123) Q(my2) + Bose Symm. =0 (1)
@ Tensor formalism with pion momenta defined in the X~ rest frame:
¥ (T123) o< P1 % Ps
@ Bose symmetrization (r; < 75 ):

P x B3 Q(Mi2) + Ps x Pr Q(M23) = Pr x Ps [Q(mM2) — Q (M23)]

» Fulfill eq. (1) at every point in phase space = Q (m;) = const.

o If Q(m;) is added to the physical dynamic isobar amplitude AP's (mg),
the total amplitude, and thus the intensity, is not altered:

| (7) AP (mg) + B. S.|7 = [ (7) [AP2 (me) + CQ (me)] + B. .|

for any complex-valued zero-mode coefficient C
@ C: complex-valued ambiguity in the model
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes

Apw (mﬂ.—ﬂ.+) +CQ (mﬂ.—ﬂ.+) (2)
C = 0.00 + 0.00/
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Im(4pw)
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0.2}
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04 06 08 10 12 14 -04 -02 00 02 04

M-+ [GeV /2] Re(4pw)

All amplitudes describe the same intensity
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes

Apw (mﬂ.—ﬂ.+) +CQ (mﬂ.—ﬂ.+) (2)
C =-0.01+0.08/
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes

Apw (mﬂ.—ﬂ.+) +CQ (mﬂ.—ﬂ.+) (2)
C =-0.05+0.15/
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All amplitudes describe the same intensity
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes

Apw (mﬂ.—ﬂ.+) +CQ (mﬂ.—ﬂ.+) (2)
C =-0.10+0.20/
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Effects on dynamic isobar amplitudes
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Zero mode in the spin-exotic wave

Resolving the ambiguity

@ Now for m,— .. bins: 7° = {Q (my,)} for all m,- .. bins
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Zero mode in the spin-exotic wave

Resolving the ambiguity

@ Now for m,— .. bins: 7° = {Q (my,)} for all m,- .. bins
@ The fitting algorithm might find a solution, shifted away from the physical

solution 7 Phys: ) ) )
Tehys — 7hit 4 o7 0
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Zero mode in the spin-exotic wave

Resolving the ambiguity

@ Now for m,— .. bins: 7° = {Q (my,)} for all m,- .. bins
@ The fitting algorithm might find a solution, shifted away from the physical

solution 7 Phys: ) ) )
Tehys — 7hit 4 o7 0

@ Obtain physical solution: constrain C by conditions on the resulting
dynamic amplitudes 7 fit
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Zero mode in the spin-exotic wave

Resolving the ambiguity

@ Now for m,— .. bins: 7° = {Q (my,)} for all m,- .. bins
@ The fitting algorithm might find a solution, shifted away from the physical

solution 7 Phys: ) ) )
Tehys — 7hit 4 o7 0

@ Obtain physical solution: constrain C by conditions on the resulting
dynamic amplitudes 7 fit

@ In the case of the 1~ 1" [r7];-- 7P wave:
» use the Breit-Wigner for the p (770) resonance with fixed resonance
parameters as in the fixed-isobar analysis

» use a Breit-Wigner for the p (770) resonance with floating resonance
parameters
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Zero mode in the spin-exotic wave

Resolving the ambiguity

@ Now for m,— .. bins: 7° = {Q (my,)} for all m,- .. bins
@ The fitting algorithm might find a solution, shifted away from the physical

solution 7 Phys: ) ) )
Tehys — 7hit 4 o7 0

@ Obtain physical solution: constrain C by conditions on the resulting
dynamic amplitudes 7 fit

@ In the case of the 1~ 1" [r7];-- 7P wave:

» use the Breit-Wigner for the p (770) resonance with fixed resonance
parameters as in the fixed-isobar analysis

» use a Breit-Wigner for the p (770) resonance with floating resonance
parameters

@ Final results: weighted average of these two methods
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Zero mode in the spin-exotic wave

Resolving the ambiguity

@ Now for m,— .. bins: 7° = {Q (my,)} for all m,- .. bins
@ The fitting algorithm might find a solution, shifted away from the physical

solution 7 Phys: ) ) )
Tehys — 7hit 4 o7 0

@ Obtain physical solution: constrain C by conditions on the resulting
dynamic amplitudes 7 fit

@ In the case of the 1~ 1" [r7];-- 7P wave:
» use the Breit-Wigner for the p (770) resonance with fixed resonance
parameters as in the fixed-isobar analysis

» use a Breit-Wigner for the p (770) resonance with floating resonance
parameters

@ Final results: weighted average of these two methods

@ Note: Resolving the ambiguity fixes only a single complex-valued degree
of freedom. ni,s — 1 complex-valued degrees of freedom remain free.
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Zero mode in the spin-exotic wave

Resolving the ambiguity

@ Now for m,— .. RESELNATI(OF
@ The fitting algor mo = 770MeV/c?; To = 160 MeV/c?

solution 7 Phys:

om the physical

@ Obtain physical > resulting

dynamic amplit

@ Inthe case of t

» use the Brei
parameters ¢
» use a Breit- resonance

parameters

@ Final results: we

:x-valued degree
remain free.

@ Note: Resolvin(
of freedom. nNpins —
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Zero mode in the spin-exotic wave

Resolving the ambiguity

@ Now for m,— .. RESELNATI(OF
@ The fitting algor mo = 970 MeV/c?; To = 260 MeV/c?

solution 7 Phys:

om the physical

@ Obtain physical > resulting

dynamic amplit

@ Inthe case of t

» use the Brei
parameters ¢
» use a Breit- resonance

parameters

@ Final results: we

:x-valued degree
remain free.

@ Note: Resolvin(
of freedom. nNpins —
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Zero mode in the spin-exotic wave

Resolving the ambiguity

@ Now for m,— .. RESELNATI(OF
o The fitting algorIbmas MeV/c? o = 360 MeV/c?

solution 7 Phys:

om the physical

@ Obtain physical > resulting

dynamic amplit

@ Inthe case of t

» use the Brei
parameters ¢
» use a Breit- resonance

parameters

@ Final results: we

:x-valued degree
remain free.

@ Note: Resolvin(
of freedom. nNpins —
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The spin-exotic wave

@ Example: Single (ms,, ") bin
» 1.58 < ms, < 1.62GeV/c?
» 0.326 < t' < 1.000 (GeV/c)?

ian Krinner (TUM)

Extended Freed-|

PWA

Im(7vin) [(Events/(GeV/c?) /2]

x10°
6

Intensity [Events/(GeV/c?)]

x10°

2.0

1.58 < m3; < 1.62GeV/c? 17 1*[an];-- 7P
Ml Corrected zero mode Fixed shape
WM Uncorrected zero mode WM Single methods

[0.326 <1’ < 1.000(GeV/c)*

Lt y N
"”--l = "'.. .. N
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My [GeV/c?]

1.58 < m3; < 1.62GeV/c? 17 1*[nn)y-- 7P
W Corrected zero mode Fixed shape
M Uncorrected zero mode W Single methods

0326 <7 <1.000(GeV/c)*

-2.0 -1.5 -1.0 =05 0.0 05 .
Re(Thin) [(Events/(GeV/c?))!/2] X10°
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The spin-exotic wave

%100 1.58 <m3, < 1.62GeV /2 17 1*[zx];--7P
6 Ml Corrected zero mode Fixed shape
WM Uncorrected zero mode WM Single methods

Nf 50.326 <7 < 1.000(GeV/c)?
2 N
@ Example: Single (ms,, ") bin %4 ’n H,
» 1.58 < ms, < 1.62GeV/c? 23 , "
» 0.326 < ' < 1.000 (GeV/c)? g2t .
R AR ,
@ Zero-mode ambiguity resolved with p (770) b Mt

Used as Constralnt 04 06 08 1.0 12 14

My [GeV/c?]
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The spin-exotic wave

%106 1.58 < ms, < 1.62GeV/c? 17 1*[nn],—-nP
[ Corrected zero mode Fixed shape
.510.326 < ' < 1.000(GeV/c)?

N}
n

»
=)
T

@ Example: Single (ms,, ") bin

Intensity [Events/(GeV/c2)]
n

» 1.58 < ms, < 1.62GeV/c? W
» 0.326 < t' < 1.000 (GeV/c)? or g
05} ' i3
@ Zero-mode ambiguity resolved with p (770) ool e,
used as constraint o e

x103 1.58 < ms; < 1.62GeV/c? 17 1* [zn]--7P
Ml Corrected zero mode Fixed shape

0.326 <7’ < 1.000(GeV/c)*
|
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.
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The spin-exotic wave

x10°

N}
n

»
=)
T

@ Example: Single (ms,, ") bin
» 1.58 < ms, < 1.62GeV/c?
» 0.326 < t' < 1.000 (GeV/c)?

o

Intensity [Events/(GeV/c2)]
n

54
i

@ Zero-mode ambiguity resolved with p (770)
used as constraint

e
=)
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@ Dynamic isobar amplitude dominated by
p(770)

Im(T i) [(Events/(GeV/c?))!/2]

Fabian Krinner (TUM) Extended Freed-Isobar PWA
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The spin-exotic wave

%106 1.58 < ms, < 1.62GeV/c? 1~ 1*[nn],—-nP
[ Corrected zero mode Fixed shape
.510.326 < ' < 1.000(GeV/c)?

N}
n

»
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T

@ Example: Single (ms,, ") bin
» 1.58 < ms, < 1.62GeV/c?
» 0.326 < t' < 1.000 (GeV/c)?
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Intensity [Events/(GeV/c2)]
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@ Zero-mode ambiguity resolved with p (770)
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The spin-exotic wave

%106 1.58 < ms, < 1.62GeV/c? 1~ 1*[nn],—-nP
[ Corrected zero mode Fixed shape
.510.326 < ' < 1.000(GeV/c)?

N}
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»
=)
T

@ Example: Single (ms,, ") bin
» 1.58 < ms, < 1.62GeV/c?
» 0.326 < t' < 1.000 (GeV/c)?
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Intensity [Events/(GeV/c2)]
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@ Zero-mode ambiguity resolved with p (770)

0.0
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used as constraint e GV
@ Dynamic isobar amplitude dominated by gl
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@ Significant deviations from a pure Breit-Wigner g ||
shape F
» Non-resonant contributions (Deck effect) §045
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Conclusions nin

6
@ Starting point: Conventional PWA ¢ 04510 i,12(1320)
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Conclusions TUTI

@ Starting point: Conventional PWA ' ' ' ' ' '

@ Freed-isobar PWA: Replace fixed 1.0} My 1
dynamic isobar amplitudes by

step-like functions 081 1
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Conclusions

@ Starting point: Conventional PWA 0-+0"% (980) 7S
@ Freed-isobar PWA: Replace fixed 0~"0"p(770) 7P
dynamic isobar amplitudes by 1=t1%p(770) 7P
step-like functions 1+ 07, (980) 7P
o Freed-isobar PWA of COMPASS 1#507p (770) 7S
data with an extended wave set 1+ 1%p(770) 7S

2-+t07£ (980) 7D
2=10%p(770) 7P
2=+t0"p(770)wF
2=+ 0% (770) 7P
2+ 1+, (1270) =S
211 (770) 7S
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Conclusions

%107 1.86 < My < 1. 9OGeV/c20 +0*[mr]1--7r1>

@ Starting point: Conventional PWA Ll Monte Carlo. ]
@ Freed-isobar PWA: Replace fixed = f |

dynamic isobar amplitudes by = 10r ]

. . L5

step-like functions % osth | + ]
@ Freed-isobar PWA of COMPASS 5 o6l + ]

data with an extended wave set % '

Z 04 po ]

@ Zero mode: Continuous ambiguity 3 o * *H
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Conclusions

. . ) X107 1.86 <mr < 1. 9OGeV/c20 *0*[xn]y 7P
@ Starting point: Conventional PWA Ll Monte Carlo.

@ Freed-isobar PWA: Replace fixed
dynamic isobar amplitudes by
step-like functions

1.of t ]

0.8} t ]
@ Freed-isobar PWA of COMPASS

Intensity [Events/(GeV/c?)]
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data with an extended wave set '
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@ Zero mode: Continuous ambiguity . * *H
in the 1717 pr P wave o2f . H 1
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» Similar modes in other waves 00 : -' .,ﬁ. “”-— "
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Conclusions LT

. . ) X107 1.86 <mr < 1. 9OGeV/c20 *0*[xn]y 7P
@ Starting point: Conventional PWA Ll Monte Carlo.

@ Freed-isobar PWA: Replace fixed
dynamic isobar amplitudes by
step-like functions

1.of t ]

0.8} t ]
@ Freed-isobar PWA of COMPASS

Intensity [Events/(GeV/c?)]

! 0.6F ; ]

data with an extended wave set '
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@ Zero mode: Continuous ambiguity . * *H
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» Similar modes in other waves 00 -' . ~.,* e
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@ Resolved with physics constraints M-t [GeV /2]
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Conclusions LT

. . _ %103 1.58 < m3, < 1.62GeV/c* 171 [zn];--7P
@ Starting point: Conventional PWA BN Corrected zero mode Fixed shape

0.326 < ¢ < 1.000(GeV/c)?
|

@ Freed-isobar PWA: Replace fixed
dynamic isobar amplitudes by
step-like functions
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(V)]
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@ Freed-isobar PWA of COMPASS
data with an extended wave set

154
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@ Zero mode: Continuous ambiguity
in the 1~ 71" pn P wave

» Similar modes in other waves
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@ Resolved with physics constraints Re(Tin) [(Events/(GeV /c2))1/2] X10°

@ Dynamic isobar amplitude for this
wave extracted
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Conclusions LT

Starting point: Conventional PWA

Freed-isobar PWA: Replace fixed
dynamic isobar amplitudes by
step-like functions

Freed-isobar PWA of COMPASS
data with an extended wave set

Zero mode: Continuous ambiguity
in the 1~ 71" pn P wave

» Similar modes in other waves

Resolved with physics constraints

Dynamic isobar amplitude for this
wave extracted

Dominated by p (770), no pure
Breit-Wigner
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Outlook

@ Only one example shown
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@ Results for:
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» 4 t' bins
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@ Only one example shown

@ Results for:

» 50 mz, bins
» 4 t' bins
» 12+ waves

@ Extract resonance parameters of isobar resonance:
» Excited resonances, small signals: p’

@ Study non-resonant effects:
» Rescattering

@ Validate/improve model in fixed-isobar PWA
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