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Two-stage spectrometer at CERNs Prévessin area

Secondary hadron and tertiary E/HCAL2
muon beams supplied by CERNs -
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Good acceptance
over wide kinematic range

Broad physics program
- Spin-structure
- Spectroscopy

RPD + Target

A team
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The COMPASS experiment

Commom Muon Proton Apparatus for Structure and Spectroscopy

Two-stage spectrometer at CERNs Prévessin area

Secondary hadron and tertiary E/HCAL2
muon beams supplied by CERNs >
Super Proton Synchrotron (SPS)

Good acceptance
over wide kinematic range

Broad physics program
- Spin-structure
- Spectroscopy

This analysis:
- 190 GeV/c secondary
hadron beam (97% =)

RPD + Target Y
M1 - 40 cm liquid hydrogen
L}

A team
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Diffractive 3w production m

@ Cowmpass: Currently world’s

Tlpeam T
largest data set for diffractive " gf
process P
P+ Tppuy = P+ 7 T ™
taken in 2008 Prarget Precoil
(~ 50 - 108 Events)
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Diffractive 3w production m
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Diffractive 3w production m

@ CoMmPAss: Currently world’s - - Bachelor
. . Theam X T
largest data set for diffractive
process p|  Tsobar 4
— _ — T
p+ Thoam 7 p+m nt bachelor
taken in 2008 Ptasget Precoil
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Closer look at #t7~ subs tures LM
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27 and 37 structures correlated
Use isobar model
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Conventional PWA method

The isobar model

@ Beam pion excited to intermediate
state X~

_ Bachelor
nbeam X~ 7T
Isobar Tt
P -
Ptarget Precoil
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Conventional PWA method

The isobar model

@ Beam pion excited to intermediate
state X~

@ Subsequent two-particle decays:
X —én —wnnta

@ Fixed amplitudes of the isobars - B Bachelor
+, - . beam X -
¢ — mTn~ For example: T
Breit-Wigner P Isobar _—
-
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Conventional PWA method

The isobar model

@ Beam pion excited to intermediate
state X~

@ Subsequent two-particle decays:
X —én —wnnta

@ Fixed amplitudes of the isobars

-
¢ — 7t~ For example: beam
Breit-Wigner

@ Intensity modeled as 7 = | A|?

waves ptarget

A(mgy, 7) = Z Ti(mMax) Ai(7)

phase-space variables 7
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Conventional PWA method

The isobar model

@ Beam pion excited to intermediate
state X~

@ Subsequent two-particle decays:
X —én —wnnta

@ Fixed amplitudes of the isobars

-
¢ — 7t~ For example: beam
Breit-Wigner

@ Intensity modeled as 7 = | A|?

waves ptarget

A(mgy, 7) = Z Ti(mMax) Ai(7)

phase-space variables 7

@ Narrow bins in my- = ms,:
No assumptions on shape of X~
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Naming scheme for partial waves nin

Theam

ptarget

Fabian Krinner (TUM E18) Extraction of the =+ = — Subsystem Jul2ot 2016 7/22




Naming scheme for partial waves nin

Theam

Ptarget Precoil

@ J™C: spin and eigenvalues under parity and charge conjugation of X~
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Naming scheme for partial waves nin

Theam

ptarget

@ J™C: spin and eigenvalues under parity and charge conjugation of X~
@ Me: Spin projection and naturality of the exchange particle
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Naming scheme for partial waves nin

Theam

ptarget

@ J™C: 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)
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Naming scheme for partial waves nin

Theam

ptarget

@ J™C: 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)

@ = Indicating the bachelor 7—. Always the same
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Naming scheme for partial waves nin

Theam

ptarget

@ J™C: 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)

@ = Indicating the bachelor 7—. Always the same

@ L: Orbital angular momentum between isobar and bachelor pion
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Selected waves of established PWA m
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Selected waves of established PWA m
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Selected waves of established PWA m
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Selected waves of established PWA m
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Selected waves of established PWA
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Selected waves of established PWA m
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Novel approach m

- Pa Bachelor
beam T
@ Isobar amplitudes in -
established PWA: p| Isobar -
» JEC: Isobar
Ptarget Precoil
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Novel approach

_ Bachelor
Tlheam X~ .
@ Isobar amplitudes in N
established PWA: P Isobar 77;

» JEC: Isobar .
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vel approach nin

- Pa Bachelor
beam T
@ Isobar amplitudes in -
established PWA: p| Isobar -
» JEC: Isobar
Ptarget Precoil

» 1772 p(770)
» 277 £(1270)
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Novel approach m

_ Bachelor
nbea.m X~ T
@ Isobar amplitudes in -
established PWA: p| Isobar -
» JEC: Isobar .
R p(770) Ptarget Precoil
» 2+ £(1270)
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Novel approach m

_ Bachelor
Tlheam X~ .
@ Isobar amplitudes in N
established PWA: p| Isobar 77;
» JEC: Isobar .
» 1771 p(770) Prarget Precoil
» 27 £(1270)
> 377 p3(1690) z
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Novel approach m

_ Bachelor
nbeam X~ .
@ Isobar amplitudes in N
established PWA: P Isobar 77;
» JEC: Isobar .
» 1771 p(770) Prarget Precoil
» 27+ £(1270)
» 377 p3(1690) z .
» 07 f5(500) g
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Novel approach nin

_ Bachelor
Tlheam X~ .
@ Isobar amplitudes in N
established PWA: p| Isobar 77;
» JEC: Isobar .
» 1771 p(770) Prarget Precoil
» 27 £(1270)
> 377 p3(1690) z
» 07": f,(500) £
» 0"F: /5(980) £

@ Real shape may be
complicated

L | L
16 18 2 22
Mass of the n'n* System (GeV/c?)

Example: Shape of 01+ intensity

resulting from interference of
0(500) and £(980)
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Novel approach m

_ Bachelor
Tlheam X~ .
@ Isobar amplitudes in N
established PWA: p| Isobar ;f
» JEC: Isobar .
» 1771 p(770) Prarget Precoil
» 27 £(1270)
> 377 p3(1690) z
» 07": f,(500) £
» 0"F: /5(980) £

@ Real shape may be
complicated

L | L
16 18 2 22
Mass of the n'n* System (GeV/c?)

Example: Shape of 01+ intensity
How good is the isobar model? resulting from interference of
(500) and #(980)
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Novel approach m

Step-like isobar amplitudes

_— < Bachelor
beam T
@ Direct fit of isobar shapes -
computationally not feasible p| Isobar i
Ptarget Precoil

Intensity

L | L
14 16 18 2 22
Mass of the n'n* System (GeV/c?)

| | | |
04 06 08 1 12

Example: Shape of 01+ intensity
resulting from interference of
0(500) and £(980)
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Novel approach m

Step-like isobar amplitudes

_ Bachelor
7Tbeam X~ T
@ Direct fit of isobar shapes -
computationally not feasible p| Isobar i

@ Replace with sets of step-like Prarget Precoil

isobars

Intensity

LAY

04 06 08 12 14 16 1 2
Mass of the ' n* System (GeV/c?)

Example: Shape of 01+ intensity
resulting from interference of
0(500) and £(980)
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Novel approach m

Step-like isobar amplitudes

_ Bachelor
7Tbeam X~ T
@ Direct fit of isobar shapes -
computationally not feasible p| Isobar i

@ Replace with sets of step-like Prarget Precoil

isobars

Intensity

@ Extract binned shape

otfl | e g AR
04 06 0.8 1 12 14

Mass of the 7 7 Systefn (GeV/c?)
Example: Shape of 01+ intensity

resulting from interference of
0(500) and £(980)
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Novel approach m

Step-like isobar amplitudes

_ Bachelor
7Tbeam X~ T
@ Direct fit of isobar shapes -
computationally not feasible p| Isobar i

@ Replace with sets of step-like Prarget Precoil

isobars

Intensity

@ Extract binned shape

@ Obtain isobar amplitudes
directly from the data

AT Tt e 1
12 14 16 18 2 22
Mass of the n'n* System (GeV/c?)

Example: Shape of 01+ intensity
resulting from interference of
0(500) and £(980)
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Freed isobar fit

Formulation

@ Total intensity in conventional PWA

waves

Z Ti(Mar )i () Ai( My -

T(Mar, My, T) = 2

Fit parameters: Production amplitudes 7;(ms,)
Fixed: Angular distributions v(7) and isobar amplitudes A;(mM+,-),
-Ai = w(T)Ai(mﬂ'ﬂr*)
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Freed isobar fit

Formulation

@ Total intensity in conventional PWA

waves

Z Ti(Mar )i () Ai( My -

T(Mar, Myi e, 7) = 2

Fit parameters: Production amplitudes 7;(ms,)
Fixed: Angular distributions v(7) and isobar amplitudes A;(mM+,-),
-Ai = w(T)Ai(mﬂ'*‘rr*)

@ Fixed isobar amplitudes — Sets of bins:
Dj(Mpin=) = D pins AP (Mys =) = [w7] yre

1, if m.+ .- inthe bin.
0, otherwise.

A})in(mﬂ+7r7) = {
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Freed isobar fit

Formulation

@ Total intensity in conventional PWA

waves

S Timan ) (r) A (m )

T(Mar, My, T) = 2

Fit parameters: Production amplitudes 7;(ms,)
Fixed: Angular distributions v(7) and isobar amplitudes A;(mM+,-),
-Ai = w(T)Ai(mﬂ'*‘rr*)

@ Fixed isobar amplitudes — Sets of bins:
Dj(Mpin=) = D pins AP (Mys =) = [w7] yre

AV ) = 1, if mw+7r._ in the bin.
0, otherwise.
@ Each m,. .- bin behaves like an independent Partial Wave:

waves bins

Z Zﬁbin(msn)iﬁi(T)A})in(mﬂ+ﬂ7) 2

i bin

7=
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Two dimensional results LM

@ Conventional PWA: One-dimensional result 7;(ms,)
@ Freed isobar PWA: Two-dimensional result: T;(ms;, My +,-)

@ First analysis: 3 waves with freed isobars:
» 070" [rr]pr+ 7S
» 1770  [rr)grs TP
» 2710F[rr]g++ 7D

arXiv:1509.00992 [hep-ex]

@ Other waves still with fixed isobar amplitudes: p(770), £(1270), p3(1690)
» In principle also possible for 17—, 2** ... isobars
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Two dimensional results

Results

Two-dimensional intensity for waves with freed isobars

MASS OF THE =~ n+ SYSTEM

MASS OF THE =~ n"x~ SYSTEM

This is not a Dalitz plot
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Two dimensional results

Results

Two-dimensional intensity for waves with freed isobars
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This is not a Dalitz plot
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0~ "0*[n7]o++ 7S

Different t’ regions
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0~ 0" [rm]o++ 7S

Comparison with conventional analysis

@ Sum up all amplitudes in
m .+ -

@ Compare with sum of
conventional fy(...)w
amplitudes
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Comparison with conventional analysis
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0~ 0" [rm]o++ 7S

Comparison with conventional analysis

x10° 0 *0" [mmSwave]l TS
@ Sum up all amplitudes in © |~ Fixedisobars - Freedisobars
Mo _ 3 I 0.194 < t' < 0.326 (GeV/c)*
T E 807 4+
_ S I B
° Compar.e with sum of 3 60
conventional f(...)n g :
amplitudes E 40 Lo
@ 7(1800) peak visible a0 PO
@ Novel method reproduces 8’;‘ T “&"7“;5
shape in ms ' T my, [Gevic]
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Comparison of f,(980) region

I 10 [ . TP
% 10F 0.194< t' < 0.326 (GeV/cy]
3 0.96 < m,,. < 1.00 GeV/c?
s +
< +
. . % T
@ Sum up amplitudes in the £,(980) g o .
region - .o
+ uﬁ‘

Fabian Krinner (TUM E18) Extraction of the =+ = — Subsystem Jul 29t 2016 18/22



1770 [n7r]o++ wP

Comparison of f,(980) region
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1770 [n7r]o++ wP

Comparison of £,(980) region
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Comparison with conventional analysis

. . x10° 10" [t Swave] P
@ Sum up all amplitudes in © [+ Fixedisobars | Freed isobars
Myt 7 - 3 [ 0.194 < t' < 0.326 (GeV/c)?
S 80- {a
@ Compare with sum of § r ot
conventional fy(...)w 2 60 .
amplitudes g T
» 17407 £(500)7P = 4o- .
» 11707 £(980)7 P [ . :
201 te
L +- ”;
' +*t. L ‘:.-‘*‘2:::17«3
85 1 15 2 25

m,,, [GeV/cy

Fabian Krinner (TUM E18) Extraction of the =+ = — Subsystem Jul 29t 2016 19/22




1770 [n7r]o++ wP

Comparison with conventional analysis

@ Sum up all amplitudes in
Myt

@ Compare with sum of
conventional fy(...)mw
amplitudes

» 17107 £(500)7P
» 170%£(980)xP

@ Compatible shapes

@ Isobar model works
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Different t’ regions
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Conclusions nin

@ Novel method:
Fixed isobar amplitudes replaced
by sets of binned functions [r] e
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| | !
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Conclusions m

@ Novel method:

Fixed isobar amplitudes replaced 070" [27] . BS yq 6
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Conclusions TUTI

@ Novel method:
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Conclusions TUTI
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three dimensions: ma, M +.— s L5
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@ Allows to extract ms, dependence -
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Conclusions TUTI

@ Novel method:
Fixed isobar amplitudes replaced 10" [77] . TP 0

by sets of binned functions [r7] jec g [ 0194<1'<0326 (GeVi/c)
) N 2
g 025
@ Study resonance production in oL 02
three dimensions: ma, M +.— s L5
and t i
@ Allows to extract ms, dependence -
of #+7~ amplitudes I
© The new a;(1420) — /,(980)7— is 0.5~

confirmed N T
0.5 1 1.5 2 2.5

@ t' dependent, broad structures at ms,, [GeV/e]
small ms,, m_ .-
— Possible non-resonant
processes

0
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@ Effects from imperfect
parametrizations in other waves

— Free isobar-amplitudes for all
large waves
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Outlook

@ Effects from imperfect

parametrizations in other waves 0-+0"£(980)7S
-+ 0o+

— Free isobar-amplitudes for all 0 O+P(770)7T P

large waves 1++0%/(980)rP

17+ 07 p(770)7S

@ Goal: Free 11 waves 1+ 1% p(770)7S

2-10"1(980)7D
2+ 0" p(770)7 P
2=+t 0"p(770)7F
2101 p(770)7P
2+ 1+£(1270)S
2t 17 p(770)7S
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Outlook

@ Effects from imperfect

parametrizations in other waves 0-+0"£(980)7S
~+ 0" p(770)7P

— Free isobar-amplitudes for all 00 +p (770)r
large waves 1++0%/(980)rP
14+ 0+ p(770)xS
@ Goal: Free 11 waves 1+ 1% p(770)7S
» 75% of the total intensity 2-+t07£(980)7D

» All waves that contribute more 210" p(770)7P
than 1% to the intensity 2=+t 0"p(770)7F

2101 p(770)7P
2+ 1+£(1270)S
2t 17 p(770)7S
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Outlook

@ Effects from imperfect

parametrizations in other waves 0-+0"£(980)7S
. . —+ 0% p(770)7P
— Free isobar-amplitudes for all O++ 0 +p (770)r
large waves 17707/(980)wP
17+ 07 p(770)7S
@ Goal: Free 11 waves 1+ 1% p(770)7S
» 75% of the total intensity 2-10%1,(980)7D
» All waves that contribute more 210" p(770)7P
than 1% to the intensity 2=+t 0"p(770)7F
@ Challenges: 2101 p(770)7P
» Drastic increase in number of 2=t 17£(1270)rS
parameters

» Appearance of linear 2t 1T p(770)7S

dependences, which cause
ambiguities
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