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The COMPASS experiment

Commom Muon Proton Apparatus for Structure and Spectroscopy

' CERN SPS: protons ~ 450 GeV. =~~~ )
o tertiary muons: 4107 / s
@ secondary 7, K, p": up to 2:107/s (
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Fixed-target experiment

RPD + Target

A heam

Jan Friedrich (TU Munich) Mesons at COMPASS 11 June 2018 3/27



The COMPASS experiment

Commom Muon Proton Apparatus for Structure and Spectroscopy

Fixed-target experiment

RPD + Target
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COMPASS physics

Commom Muon Proton Apparatus for Structure and Spectroscopy

COMPASS-|
1997-2011

% extension ***
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2012-2020
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The pion polarisability measurement

@ Pion polarisability: prediction

0.95)
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0.85

@ COMPASS measurement
confirms ChPT within the
experimental uncertainties

a.(ChPT) =279 104 fm3 1_15;_plonbeam ‘
@ Previous experimental LI0S a = (20 + 06s) x 10 “fm?®

determinations since 1982 were N 1~05§ L |

about twice as |arge x 1E TP R, + S 0 T TS I

muon beam

(0.5 + 054y ) x 10 *fm®
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Phys. Rev. Lett. 114, 062002 (2015)

E  Primakoff technique: photon exchange
at ? ~ 0.001GeV?/c2
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Chiral dynamics in 7y — 37

relevant physics: pion scattering lengths, pion loop contributions
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published in PRL 108 (2012) 192001  normalization: analysis ongoing
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Chiral anomaly in 7=y — 7~ 7°

@ contributions from chiral

o anomaly F3, and the p(770)
O Gt e resonance
3oL . . .
B @ can be described by a dispersive
ool method — increased sensitivity
- to the chiral anomaly
- I @ uncertainty estimate < 1%
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Chiral anomaly in 7=y — 7~ 7°

COMPASS 2009

7+ Ni—=n + 2 + Ni

@ in-flight decay of Kaons (2.4% of beam) — normalization
@ background from 7~ 7%70 subtracted
@ luminosity determination ongoing (in common with 7~ 797°)
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Radiative Coupling of a»(1320) and 7»(1670)

ln5103 x10°
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T o 2 o8-
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Mo(@2(1320) — 7v) M2 [o(m2(1670) — 77) E2

& meson wave functions: T;_,; o< | (s /@7 ¢. B|W;) |2
@ normalization via beam kaon decays
@ large Coulomb correction

published in EPJ A50 (2014) 79
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Diffractive 3w production

@ CowmpAass: World’s currently largest
data set for the diffractive process

- - Jr - nﬁeam 7T;
P+ Toeam P+ ' b m
taken in 2008 r
(~ 46 - 10° exclusive Events) Purget Precoi
x10°
@ Exclusive measurement g
8 |
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Diffractive 3w production

@ CowmpAass: World’s currently largest
data set for the diffractive process

P+ Tpeam — P+ o rtn”

taken in 2008
(~ 46 - 10° exclusive Events)

@ Exclusive measurement

@ Squared four-momentum transfer ¢’ by
Pomeron P

Theam
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Diffractive 3w production

@ CowmpAass: World’s currently largest
data set for the diffractive process

- - +,_— TTheam X .
P+ Toeam P+ ' b i
r
taken in 2008
(~ 46 - 10° exclusive Events) Prarge Precoi
x10°
@ Exclusive measurement < odf (1520)
] a,(1260)
2 i(1260),
@ Squared four-momentum transfer t' by 2 M
Pomeron P @ oo 1670
@ Rich structure in 7~ 77~ mass spectrum: 01
Intermediate states X~ .
.5 1 1.5 2 2.5
8

msy, [GeV/c?]
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Diffractive 3w production

@ CowmpAass: World’s currently largest
data set for the diffractive process

—_ —_ Jr —
p + Theam - P tmow Thachelor

taken in 2008
(~ 46 - 10° exclusive Events)

@ Exclusive measurement

@ Squared four-momentum transfer ¢’ by
Pomeron P

@ Rich structure in 7~ 77~ mass spectrum:

Intermediate states X~

@ Also structure in 7™ 7~ subsystem:
Intermediate states ¢ (Isobar)
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Diffractive 3w production

@ CowmpAss: World’s currently largest

Bachelor

. . Theam X
data set for the diffractive process "
P Isobar ™
s
i — + p—
p+ Theam —p+m T Thachelor Prarget Precoil
taken in 2008 b
6 f @ r ‘9(770)
(~ 46 - 10° exclusive Events) s |
3
_ e L
@ Exclusive measurement g )
w

f(980)
f (1270)

@ Squared four-momentum transfer ¢’ by 05
L |2
L%(IGQO)

Pomeron P

@ Rich structure in 7~7* 7~ mass spectrum:

Intermediate states X~ {Ngj&y},

@ Also structure in 7™ 7~ subsystem:
Intermediate states ¢ (Isobar)
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The isobar model

@ Intermediate states appear as dynamic amplitudes A (m):
Complex-valued functions of invariant mass m

@ Simplest example: Breit-Wigner amplitude with mass my and width y:

molo

Apw (M) =
aw () mg — m? — imglo

@ Analysis in bins of my- = mz,.. Dynamic amplitude of X~ inferred form
the data

@ Dynamic amplitude of £: Model input in conventional PWA
@ True dynamic isobar amplitudes may differ from the model

@ Free parameters in dynamic isobar amplitudes computationally unfeasible
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erred form

PRI SRR RN RATIN SR
. 1.6 1.8 2
Mass of the TrT System (GeV/c?)
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The isobar model

Dynamic isobar amplitude: £, (1270), J7¢ = 2*+

Intensity
o
N
o

width Ig:

=
o
S

erred form

T | R B L L
0.8 1 1.2 1.4 1.6 1.8 2
Mass of the TrT System (GeV/c?)
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The isobar model

Dynamic isobar amplitude: ps (1690), J7¢ =37~

o
o
=]
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2
7]
c
2
£

width Ig:

erred form

O[T TTT
=

. 1.6 1.8 2
Mass of the TrT System (GeV/c?)
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Intensity

P I A AR |

PRI R R |

0.4 0.6 0.8

Jan Friedrich (TU Munich)

12 14

Mesons at ComMPASS
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The isobar model

Dynamic isobar amplitude: f, (980), J7¢ = 0**

2
7]
c
2
£

width Ig:

erred form

. 16 18 2 2.2
Mass of the 1Tt System (GeV/c?2)
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Freed isobars: powerful test of the assumptions

Step-like isobar amplitudes

@ Total intensity in each single (ms,, t')-bin
waves

I(7) = Z Ti [0i (7) A (M- 7+) + Bose Symm. | 2

as function of phase-space variables 7
Fit parameters: Production amplitudes 7;
Fixed: Angular distributions ¢ (7), dynamic isobar amplitudes A; (m,.- .+)
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Freed isobars: powerful test of the assumptions

Step-like isobar amplitudes

@ Total intensity in each single (ms,, t')-bin
waves

I(7) = Z Ti [0i (7) A (M- 7+) + Bose Symm. | 2

as function of phase-space variables 7
Fit parameters: Production amplitudes 7;
Fixed: Angular distributions ¢ (7), dynamic isobar amplitudes A; (m,.- .+)

@ Fixed isobar amplitude gets replaced by a set of bins:

A (M) = E TP AP (M) = [w] e
- —_———
bins

1 inthe bin,
0 otherwise
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Freed isobars: powerful test of the assumptions

Step-like isobar amplitudes

@ Total intensity in each single (ms,, t')-bin
waves

7) = Z Ti [¥i (F) &j (Mg~ 1+ ) + Bose Symm.] | 2

as function of phase-space variables 7
Fit parameters: Production amplitudes 7;
Fixed: Angular distributions ¢ (7), dynamic isobar amplitudes A; (m,.- .+)

@ Fixed isobar amplitude gets replaced by a set of bins:

A (M) = E TP AP (M) = [w] e
- —_———
bins

1 inthe bin,
0 otherwise
@ Each bin introduces an independent Partial Wave 7;,"'* = 7;.7;":

waves

Z ZTbm Y AP™ (m,— 1) + Bose S.] 2

i bins
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Freed isobars: powerful test of the assumptions

Step-like isobar amplitudes

@ Total intensity in each single (ms,, t')-bin
[llustration

Z(7)

as function of p
Fit parameters:

Fixed: Angular des Aj (My—r+)
@ Fixed isobar a

] JPC

77 %bin:

se S.] 2
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Freed isobars: powerful test of the assumptions

Step-like isobar amplitudes
@ Total intensity in each single (ms,, t')-bin
lllustration

Z(7)

as function of p
Fit parameters:

Fixed: Angular des Aj (My—r+)

@ Fixed isobar a

] JPC

W%bin:
se S.] 2
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Partial-Wave Analysis

2
T(7) = |3 T (7) A (1)
-
Waves specified by: T [JPC M| Bach_elor
PC b \s\ — [L] Z+
JPCMEerL | N
Ptarget / \ Precoil

@ JC: spin and eigenvalues under parity and charge conjugation
of X~ (or its multiplet)

@ Me: spin projection and naturality of the exchange particle

@ 7: the bachelor =~ (always the same)

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

@ L: orbital angular momentum between isobar and bachelor pion

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

Low t/

10 1°°0° p(770) 7§
< 40.5% 0.100 < 1'<0.113 (GeV/c)]
z
s
.0.15F
E oif

0.05F
i e —
0.5 1 15 2 25
my, [GeV/c]

10° 1740% p(770) 7 S
< 159% 0449 <1'<0.724 (GeV/e]
% A3
> 4of 4
S +
g i
= 30F '
= 20f N

A .
10F ““
. . e’
0.5 1 15 2

2.5
g [GeV/e?]

High ¢

Jan Friedrich (TU Munich) Mesons at COMPASS 11 June 2018 14/27



Step 1: Partial-Wave Analysis

Selected Waves (2 of 88) in two of the 11 independent ' bins

Low t/
106 1°%0% p(770) 7 S 10° 271" p(770) 7 D
T [405% 0100<r<0113GeViey| T [34%  0.000<r<0.113 GeVie)]
S S aob
s 8 |
S.o0ask s
Z o z
o1 = 20- o
0.05F N
i R N ,
0.5 1 15 2 25 0.5 1 15 2 25
s, [GeVie] m,, [GeV/c]
10 10" p(770) 7 1 21 p(770) 7D
T [159% 0a9<r<0maGeviey] T OB[173% 0449 <1 <0724 (GevioN]
> A >
3 aof | 3
g | g
3 s N s o |
= 20f N =
! ., 0.0sF
10F .
) . I .
0.5 1 1 2 25 0.5 1 15 2 25
g [GeV/e?] my, [GeV/c?]
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Step 1: Partial-Wave Analysis

Selected Waves (3 of 88) in two of the 11 independent ' bins

Low t’

108 0% p(770) 7§ 10 21 p(770) 7 D “10° 270° £(1270) 7§

T [405% 0100<r<0113@GeViey| T [34% 0100<r<0113GeViy] T [65%  0.100<r <0.113 (GeVic]
> £ > >
2 o2 : 2 a0f A
& 8 . 8 /|-
S.015F = S 30F .
E oif E E 20f K
20+ NG .
oo0sk N 10f N
i e N . B
0.5 1 15 2 25 0.5 1 15 2 25 0.5 1 15 2 25
s, [GeVie] my [GeV/e?] my [GeVIe?]
10 1°0° p(770) S 1 21 p(770) 7D 10 270" £(1270) 7S
< 159% u.41:1<r<o.724(cewcr' TOBC173% 0409<r<0724Geviey] T [54%  0449<r <0724 GeVieY]
> > >
2 wf L 2 2 '
g K g g
s af N s o | 3 N
= 20f N E . = N
. ., 0.0+ Y
10F . %t :
s b
1 1 ey I L bt K, £l i1 L
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my, [GeVie?] my, [GeV/e?] my, [GeVie?]
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Step 1: Partial-Wave Analysis

Selected Waves (4 of 88) in two of the 11 independent ' bins

Low t’

10° 10" p(770) 7S 10 21 p(770) 7 D “10° 2707 £(1270) 7S x10° 471 p(770) 7 G
< 40.5% 0.100< 1 <0.113 (GeV/ey| T 34%  0.100<r<0113GeVioy| T 65% 0.100<1<0.113GeVieY] T 05%  0.100 <1 <0.113 (GeV/c)]
> o] > > >
2 o02f ] 2 4of i 2 o
g g dor ) g e 8 I
2015 > S 30F . PRk | ’J{

It e i
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s 0% p(770) 7§ o 21 p(770) 7 D > 27407 £(1270) 7S 3 471 p(770) 7 G
_ 10 S~ ous2ld X0 X0
< 15.9% u.44;1<r<0.714 (GeV/cy| LUPL173% 0449 <1 <0.724 (GeViey| % 54% 0449 <1'<0.724 (GeV/c)| < L1% 0449 < 1'<0.724 (GeV/c)|
> > > >
2 af ' 2 3 ' 33 |
g | 8 g It g i
Z af 1 307 ; B ' 3
Z | £ Z K Z o i
0 £ w0p < i
E f oo £ . E N = i
. 0.05- | M
. « o g s y HM |
10p R . Voo, K h
. . . W iy
S I L
ooy | 1 e I L bt K, £l L Svattt | L
0.5 1 15 2 2. 0.5 1 15 2 25 0.5 1 . 2 25 0.5 1 L5 2 25
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Step 2: Resonance model fit

0100 <1'<0.113 (GeV/L)Z my, [GeV/c?]
51[5&\”\."'. 5
5} - 1
= AL 3
5 = I
I & 1S
= I
Z
)

E

©p = m-n wp (COMPASS 2008)
Mass-independent fit
Mass-dependent fit

resonant

non-resonant
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Step 2: Resonance model fit

0.724 < ' < 1.000 (Ge V/c)? my, [GeV/c?]
0.100 < ' < 0.113 (GeV/c)?

A

71

A9 — 54 [deg]

=

e

g 1"

Intensity / (20 MeV/c?)

x11 bins in t/

©p = m-n wp (COMPASS 2008)
Mass-independent fit
Mass-dependent fit

resonant

non-resonant
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Towards an exotic signal: J7¢ = 1+ sector

0.100 < 7' < 0.113 (GeV/c) my, [GeV/e?]
10" p(770) T S 1“0’f1(127()) TP 1"0’];(980) TP 11" p(770) 7 P 471 p(770) T G 4"1‘_[1(1270) nF

08 1121416182 2224 08 1 1214161822224 08 1 121416182 2224

_ —
& . 56=+140°F 5 =-3°| 50 +126° %‘)
=% . =
L2 |
a ) : o
=2 VAT i T
S » I
Q5
g ol 3
z ; I
7 10 56=-119° 50 =+34° 56=+TF 50=+20° 50 = +47°
= v | .
i3] ko 31 1260) s i ‘ -
E s b o ' -' "
SR I N i
S W o i T 1 a4 ' ™
- o » P hi Tl L
F 150
Qi) mam: n:u 5¢‘=+‘ur Sos v 5= +170° 56=-1567,5,
D ! 'y
t . 2,(1640) | . -.
S e i !
= ol e Vi
5
= E y 4 |
s

[ mmEIE I 39 = Hsde L 8p=+33° 30=+154%,59
an

np — n-nn*p (COMPASS 2008)
Mass-independent fit
Mass-dependent fit

resonant

non-resonant l I
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140" £(980) 7 P 1]
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ai (1 260)

@ resonance parameters do not 10° 7 p — nrn n'p (COMPASS 2008)

x
depend on production mechanism % 550 170" p(770) r §
> 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
Cotowelco bt i1y IO

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

@ resonance parameters do not 10° 7 p — nrn n'p (COMPASS 2008)

X
depend on production mechanism % 5501 170" p(770) 7 S
; > 0 0.100 < ' < 0.113 (GeV/c)?
@ coupling strength does (form ﬁ [ Mass-independent fit
factors) and non-resonant parts S 2000 Mass-dependent fit
may vary with ' = f resonant
2 [ non-resonant

% 150;

E

lOOj

501

IS A

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

@ resonance parameters do not
depend on production mechanism

@ coupling strength does (form
factors) and non-resonant parts
may vary with '

@ t'-resolved analysis: better
disentanglement of resonant and
non-resonant parts

100 7 p — mn n*p (COMPASS 2008)
10" p(770) & S

0.100 < ' < 0.113 (GeV/c)
Mass-independent fit
Mass-dependent fit
resonant
non-resonant

250

Intensity / (20 MeV/c2)
vy S
(=} (=]

—_
(=3
(=}

L B R L B PG

50

P IS T AP I O A e

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

@ resonance parameters do not x10° 7T p = mm m'p (COMPASS 2008)
depend on production mechanism & 170" p(770) & §
: > ool 0.262 < ' < 0.326 (GeV/c)
120~
@ coupling strength does (form ﬁ 0: . Mass-independent fit
factors) and non-resonant parts 2 100l q Mass-dependent fit
may vary with ' s resonant
, .. = [ non-resonant
@ t'-resolved analysis: better 80
. = r
disentanglement of resonant and g I
non-resonant parts il
40~
201
:.quln‘..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 parameters do not x10° 7T p = mm m'p (COMPASS 2008)

depend on production mechanism % 50: 170" p(770) & §

. > 0 0.449 < 1' < 0.724 (GeV/c)*

@ coupling strength does (form 2 | Mass-independent fit

factors) and non-resonant parts S b Mass-dependent fit

may vary with ' T resonant

’ . b F non-resonant
@ t'-resolved analysis: better F 300

. =

disentanglement of resonant and g
non-resonant parts = 20i
101

:.I.L...IH.I...I..I.---- SE NS

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

@ resonance parameters do not 7p = w7 7*p (COMPASS 2008)
depend on production mechanism %7000 170" p(770) 7 S
; > 0.724 < ' < 1.000 (GeV/c)
@ coupling strength does (form ﬁﬁoooj Mass-independent fit
factors) and non-resonant parts s F ﬂﬂ Mass-dependent fit
may vary with ' 50001 f resonant
, . > F 1[ non-resonant
@ t’-resolved analysis: better "Z 4000 |
. Z 4000r
disentanglement of resonant and g f
non-resonant parts = 30001~
; |
2000
: 1
1000 +
r t
%M*t Tﬂl il M 1l

06 08 1 12 14
my, [GeV/c?]
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ai (1 260)

@ resonance parameters do not 7 p = man*p (COMPASS 2008)
depend on production mechanism %7000 170" p(770) & S
; > 0.724 < 1 < 1.000 (GeV/c)?
@ coupling strength does (form 2 6000 Mass-independent fit
factors) and non-resonant parts s F ﬂﬂ Mass-dependent fit
may vary with ' 50001 f resonant
. > L non-resonant
@ t'-resolved analysis: better ‘§ 40000 j
disentanglement of resonant and g f
non-resonant parts = 30001~
. i |
@ a;(1260) reprodtfced. 20000
m = 129813 MeV/c? i /
mPPG= 1230+40 MeV/c? 1000F vy
Mt = 40379, MeV/c? L B M,
rPDG _o50 — 600 MeV/c2 06 08 1 12 14 16 1.8 2 22 24

my, [GeV/c?]
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ai (1 260)

@ resonance parameters do not 7 p = man*p (COMPASS 2008)
depend on production mechanism %7000 170" p(770) 7 S
; > 0.724 < t' < 1.000 (GeV/c)?
@ coupling strength does (form 2 000 Masciin depe(n deemcfzt
factors) and non-resonant parts s F ﬂﬂ Mass-dependent fit
may vary with ' 50001 f resonant
, . > L 1[ non-resonant
@ t’-resolved analysis: better Z 40001 |
disentanglement of resonant and g f
non-resonant parts = 30001~
. i |
@ a;(1260) reprodtfsc‘:ed. 2000/
m™ = 12987} MeV/c? i iy
mPPG= 1230+40 MeV/c? 1000~ vy
M = 4039y, MeV/c? A, el i
rPDG _o50 — 600 MeV/c2 0608 T 12741618 2 2224

] my, [GeV/c?]
@ weak signal for a;(1640)
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a;(1420)

a new - quite exotic - signal

F200F T70° £(980) 7P — 1*0*p(770)T
S150-
= 4H
&1£, - «wﬂﬁuw‘}ﬁ wiv
of
s x10°
e & 25 0 170" £ (980) TP
150 f ' ) ° - 0( ) T
mo ﬁggg:g:gg;gggz;; > @ 0.1<t <10 (Gev/cy’
~250F | <t< © L
l 12 14 16 1‘8 2 22 E 207 (1) MOdd curve
My, [Gevie?] Q r (2) a,(1420) resonance
= (3) Non-resonant term
2 15~
‘D L
g |
= 10
5-
0 Tt e T U]

1 12 14 16 18 2 22
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a;(1420)

a new - quite exotic - signal

x10°
@ 47T p(770) TG 4
3 o5 01<t<10(Gevicy N
= (1) Model curve
IS 200 (2) a,(2040) resonance
= (3) Non-resonant term
% 15
L ___x10°
10- & 25 1707 £(980) 7P
R
s 3 | 0.1<t <10 (GeV/cy
04517 16 18 = 20 (1) Model curve
My, {covin Q r (2) &,(1420) resonance
g [ (3) Non-resonant term
ool T 0 ©80) 7P & T p(770) 7G 2> 15+
S ‘D L
g g @
£ 100 QL [
£ 10~
oF L
~100F [
7 i 0100t <0113 Gevicy 5
—200F 40164 < t' <0.189 (GeV/cY i
+0449<| <o724(<5ev/c)2 L
T2 141618 2 22 F

my, [GeV/c]

o

12
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a;(1420)

a new - quite exotic - signal

x10°
@ new signal: a;(1420) & 25- 170" £(980) 7P
@ decay into £(980)x < I 0.1<t <1.0(GeV/cy
= ook (1) Model curve
Q r (2) a,(1420) resonance
Z (3) Non-resonant term
2> 15+
£ 0
§ [
£ 10+
5 e
OJ o i R SN i R R
1 12 14 16 18 2 22

m,,. [GeV/cY
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a1(1420)

K*(892)

a new - quite exotic - signal K*(892)

a1(1260)
— K

£5(980)

@ new signal: a;(1420) ? 4or 170" 1(980) TP
@ decay into £,(980)x 3 0.1<t <10(Gev/cy
@ possible explanations: g 20 (;) MOdez'OC“r"e
» triangle diagram Mikha- & (3) 21(14 )rescintance
senko, Ketzer, Sarantsev T (3) Non-resonant term
PRD91 (2015) 094015 E!
» two-channel unitarized o L
Deck amplitude Z 10~
Basdevant, Berger r
PRL114 (2015) 192001 [
5? ¥ty
OinA \.‘\\\\\\ T ‘\\\\\‘\\T-

1 12 14 16 18 2 22
m,,. [GeV/cY
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a1(1420)

a new - quite exotic - signal K*(892)

K*(892) ——
== K
1(1260) “
— K

£5(980)

™

@ new signal: a;(1420) ? 4or 170" 1(980) TP
@ decay into £(980)x < I 0.1<t <10 (GeV/cy
@ possible explanations: = 20 (1) Model curve
» triangle diagram Mikha- ) r (? ;1(1420) rescintance
senko, Ketzer, Sarantsev N (3) Non-resonant term
PRD91 (2015) 094015 Z F
» two-channel unitarized o L
Deck amplitude £ 10
Basdevant, Berger r
PRL114 (2015) 192001 [
@ Mass: 5:’
My, (1420) = 1411.87, 4 MeV /2 -
Jtn: 1702 14 16 18 2 22
I'a1(1420) = 158t2 MeV/C2 : : 6 8 ;

m,,. [GeV/cY

Jan Friedrich (TU Munich) Mesons at COMPASS 11 June 2018 18/27



Resonance parameters

08 0.8,
a,(1260)
[ a,(1420) [ 7,(1600;
r a,(1640) r x,(1670)
L (13 . 7(1880)
0.6— a,(1700) 0.6
204( .
2 . 2
2 . %
S 518 <
= 04 — = 04
g ° / . E ¥
E o B .
3
02— / 02+
CL ¢ 0.1)
] 1315 [E*]
I | 1 1
12 14 1.6 2 12 1.4 1.6 2
Mass [GeV/e?] Mass [GeV/c?]

@ resonance parameters with unprecedented precision and systematic
investigations of 6 a-like and 5 -like states

@ 75-pages PRD recently accepted:
Light isovector resonances in 7= p — =7~ ntp at 190 GeV/c

@ recently published: PLB779(2018)464
New analysis of nr tensor resonances measured at the COMPASS
experiment (together with JPAC): better constraints on a;,(1700)

11 June 2018
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Some math: zero mode in the spin-exotic wave

What is a “zero mode”?

@ Freed-isobar analysis: much more freedom than fixed-isobar analysis
@ introduces continuous mathematical ambiguities in the model

arxiv.org/abs/1710.09849
F. Krinner et al, Resolving ambiguities in model-independent
partial-wave analysis of three-body decay
talk this afternoon by Fabian Krinner
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Some math: zero mode in the spin-exotic wave

What is a “zero mode”?

@ Freed-isobar analysis: much more freedom than fixed-isobar analysis
@ introduces continuous mathematical ambiguities in the model

@ “Zero mode”: dynamic isobar amplitudes Q (m, - +)
that do not contribute to the total 3r-amplitude

@ Spin-exotic wave:
Y(T)Q(My-1+) +Bose S. =0

at every point 7 in phase space

arxiv.org/abs/1710.09849
F. Krinner et al, Resolving ambiguities in model-independent
partial-wave analysis of three-body decay
talk this afternoon by Fabian Krinner
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The spin-exotic wave

@ Example: One bin in (ms,, t')
> 1.58 < M3, < 1.62GeV/c?

» 0.326 < t' < 1.000 (GeV/c)?

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

x10°
6

Intensity [Events/(GeV/c?)]

x10°

2.0

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

[0.326 <1’ < 1.000(GeV/c)*

L y N
"”--l = "'.. .. N

04 06 08 10 12 14
My [GeV/c?]

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

T 5[0326<r' < 1.000(GeV/c)?
2 b
Q4 H 4,
53t et
g ) '
. H ‘E 2F ;‘ ‘v
@ Example: One bin in (ms,, t') 2 .",‘ "
» 1.58 < ms, < 1.62GeV/c? s S .
/ 2 it e
» 0.326 < t' < 1.000 (GeV/c) 00306 08 T 12 T
My [GeV/c?]
@ Zero-mode ambiguity resolved with p (770) x10° 1.58 < myy < 1.62GeV/c2 1~ 1* )y -xP
. E Corrected zero mode Fixed shape
used as constraint 20| ME Cnconecrcdsero mode B Sinle mthods
= [0326<7 <1.000GeV/c)
< o1st <
S
g 10}
£ os}
@
= oo}
£ —os}
g
-0}

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

iedrich (TU Munich) Mesons at COMPASS 11 June 2018 21/27



The spin-exotic wave

%100 1.58 < m3, < 1.62GeV /2 17 1*[zx];--7P
M Corrected zero mode Fixed shape

.510.326 < ' < 1.000(GeV/c)?

N}
n

»
=)
T

=)
T

@ Example: One bin in (ms,, t') :
> 1.58 < M3, < 1.62GeV/c? ‘ : .

Intensity [Events/(GeV/cz)]
n

o
n
T

» 0.326 < t' < 1.000 (GeV/c)? 00 5 1214
My [GeV/c?]
@ Zero-mode ambiguity resolved with p (770) x10° 1.58 < myy < 1.62GeV/c2 1~ 1* )y --xP

M Corrected zero mode Fixed shape

0.326 <7’ < 1.000(GeV/c)*
|

used as constraint

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

.
-1.0 -0.5 0.0 0.5 .
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
M Corrected zero mode Fixed shape

.510.326 < ' < 1.000(GeV/c)?

N}
n

&)
=)

of |
f

=)
T

@ Example: One bin in (ms,, t') :
> 1.58 < M3, < 1.62GeV/c? ‘ : .

Intensity [Events/(GeV/c2)]
o

o
n
T

2 o AR
> 0.326 < t' < 1.000 (GeV/c) 0035 0% o8 10 12 14
My [GeV/c?]
@ Zero-mode ambiguity resolved with p (770) x|oirﬂ<mh< 1.62GeV /e 1™ 1*[an]y P
W Corrected zero mode Fixed shape

used as constraint 0.326 <7 < 1.000(GeV/c)?

in

@ Dynamic isobar amplitude dominated by
p(770)

I g
n =]

e
=)
T

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

.
-1.0 -0.5 0.0 0.5 .
Re(Thin) [(Events/(GeV/c?))!/2] X10°
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Conclusions and Outlook

COMPASS on chiral dynamics:

. " - 160P) = 1707)
@ Measurement of the pion polarisability at < ELECTRIC POLARZABILITY
COMPASS e HOLSTEN 14 g e o i i
» via the Primakoff reaction, COMPASS has Prrrr il

determined

Qp = (20 4 0-6stat + 0-7syst) X 10_4 fms OMITTED FROM SUMMARY TABLE

2,(1420) MASS
» most direct access to the =y — 7~y process et o o —
» most precise experimental determination s et e v
» control of systematics: uy — py, K~ — n - some of the new COMPASS entries
in the RPP2016 edition

» more data (x4) on tape

@ Related topics at COMPASS:
radiative widths and
chiral dynamics in 7= — 7=~ 7% and 7y — 7w

» chiral anomaly on the way

11 June 2018
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Conclusions and Outlook

COMPASS on exotic mesons:
@ partial-wave decomposition of #~7* 7~ with 88 waves

@ conclusions on two exotic signals:
» a1(1420) supernumerous
* matches a Breit-Wigner description with I = 158 MeV /c?
* position at K* K threshold — rescattering interpretation
* and/or Deck interference
» 1(1600) spin-exotic
* at small ' dominant background
* slow phase motion, much broader than previous analyses
@ ongoing developments

» refine non-resonant (Deck) background description
» include unitary constraints / dispersion relations
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Conclusions and Outlook

COMPASS on exotic mesons:
@ partial-wave decomposition of #~7* 7~ with 88 waves

@ conclusions on two exotic signals:
» a1(1420) supernumerous

* matches a Breit-Wigner description with I = 158 MeV /c?
* position at K* K threshold — rescattering interpretation
* and/or Deck interference

» 1(1600) spin-exotic
* at small ' dominant background
* slow phase motion, much broader than previous analyses

@ ongoing developments
» refine non-resonant (Deck) background description
» include unitary constraints / dispersion relations

@ more channels to come, including 7°, n, K
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Conclusions and Outlook

COMPASS on exotic mesons:
@ partial-wave decomposition of #~7* 7~ with 88 waves
@ conclusions on two exotic signals:

» a;(1420) supernumerous

* matches a Breit-Wigner description with I = 158 MeV /c?
* position at K* K threshold — rescattering interpretation
* and/or Deck interference

» 1(1600) spin-exotic
* at small ¢ dominant background
* slow phase motion, much broader than previous analyses
@ ongoing developments
» refine non-resonant (Deck) background description
» include unitary constraints / dispersion relations
@ more channels to come, including 7°, n, K

@ low statistics for incoming K~ beams — future option:
dedicated RF-separated beam, part of upcoming Letter of Intent
Mini-Workshop (half-day) on June 20, 2pm, CERN / vidyo

Jan Friedrich (TU Munich) Mesons at COMPASS 11 June 2018



Thank you for your attention!
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Zero mode in the spin-exotic wave

Mathematical origin
@ Process: X~ — {my — Ty Ty .
@ Partial-wave amplitude
P (7) Q(m2) + Bose S. =0 (1)

@ Tensor formalism (X~ rest frame) for 1=+

¥ (T) x Pt X Ps
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Zero mode in the spin-exotic wave

Mathematical origin

@ Process: X~ — {my — Ty Ty .
@ Partial-wave amplitude

P (7) Q(m2) + Bose S. =0 (1)
@ Tensor formalism (X~ rest frame) for 1=+
¥ (T) < P1 X Ps
@ Bose symmetrization (r; < 75 ):

Pt X P3 Q(mMy2) + P % P1 Q(mM23) = P1 x P3 [Q(mM2) — Q (mp3)]
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Zero mode in the spin-exotic wave

Mathematical origin

@ Process: X~ — {my — Ty Ty .
@ Partial-wave amplitude

P (T) Q(m2) +Bose S. =0 (1)
@ Tensor formalism (X~ rest frame) for 1=+
¥ (T) < P1 X Ps
@ Bose symmetrization (r; < 75 ):
P1 x P32 (Mi2) + P3 x Pr Q(Ma3) = Pr x P3 [Q (M12) — Q2 (m23)]

@ Fulfill (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 — Ty Ty .
@ Partial-wave amplitude
P (7) Q(m2) + Bose S. =0 (1)
@ Tensor formalism (X~ rest frame) for 1=+
¥ (T) < P1 X Ps
@ Bose symmetrization (r; < 75 ):
P1 x B3 Q2 (Mi2) + P x B Q(m2s) = Pr x B3 [Q(Mi2) — Q(mgs)]
@ Fulfill (1) at every point in phase space = Q (m¢) = const.
@ then intensity is not altered:
| (7) AP (mg) + B. S.|% = [¢ (7) [AP™* (me) + €Q (mg)] + B. S.|?

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

Mathematical origin

@ Process: X~ — {my — Ty Ty .
@ Partial-wave amplitude

P (7) Q(m2) + Bose S. =0 (1)
@ Tensor formalism (X~ rest frame) for 1=+
P (7) o< Pr % Pa
@ Bose symmetrization (r; < 75 ):
P1 x P32 (Mi2) + P3 x Pr Q(Ma3) = Pr x P3 [Q (M12) — Q2 (m23)]
@ Fulfill (1) at every point in phase space = Q (m¢) = const.
@ then intensity is not altered:
| (7) AP (mg) + B. S.|% = [¢ (7) [AP™* (me) + €Q (mg)] + B. S.|?

for any complex-valued zero-mode coefficient C
@ C: complex-valued ambiguity in the model
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The 1-"1"p(770)7 P wave

7 p = x-axtp (COMPASS 2008) [I7M17 p(770) 7 P - [4""T p(770) 7 G] (171" p(770) P = [4771" £(1270) 7 F]
g s000f 17 F p(770) 7 P oo Qi00<r <01 (GeViey 200 W < <0113 (Gevie)?
Z 0100< 1< 0113 (GeVIeY | = § = —24.6 8¢ =899
= ool } Mass-independent fit 2150 }
o000 Mass-dependent fi I ||
I - ss=dependent fit I 100 \l
: : | resonant =3 & }
=
5 t ot ]
EI: gt |
2000 _s0) | IH |‘| |
[ —~100) ] H ! Wl ‘
r i
1000F- 150 ‘ f f ‘
F | —2000- |
Cilivibety i FEERITSE v Ml FNTE N R NN N EE FET) NENE N FTVE P b ||uw\w||\||||||w\:u\u:l:nlul:‘\huw\:
B 1 12 14 16 18 2 22 24 06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 L8 2 2224
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

3000

=
232500

]
=

o
=
=

Intensity / (;

1000}

500

=

ap = a a xtp (COMPASS 2008)

[I7*1F p(770) 7 P]—[4 T p(770) & G]

(1 p(

710

) 7 P41 £(1270) 7 F)

my [GeV/ie?]

iy [Ger( 1

at higher t' resonant component dominant

Errpdoar Faok 0.49 <r' <0724 GeVIcF|  Fygg ‘ 0.449 <1 < 0.724 (GeViey
E 0449 < 1< 0.724 (GeVie) = dg=-220) = ‘ | S¢=-11°
[ Mass-independent fit 3150 j ‘ ‘ 2150 { | ‘ | |

[ Mass-dependent fit | | | {

[ resonant { _3100 } ’ anih“ r H | ‘ t
[ non-resonant | i = } | ~ 50_” | ‘ |{
] Al | i IaeTA |
r 3 | ! 3 i«
UL o
F h 1y

- —100) |‘ —100F |\ |

F ~150) |. —150F | | 1

£ —200) { —200F l‘
L i |\‘\H‘ll\‘l\\‘||\|||\‘\u|||||| TINEE P RS PR | S S P S e
06 08 1 1.2 14 16 18 2 22 24 1. 22 24 06 08 1 1214 L6 18 2 22 24

my, [GeVie?]

fedrich (TU Munich)
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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

fedrich (TU Munich)
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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
= F = 0.100 < t' < 0.113 (GeV/c)?
g 200 g 2000 :

E 0.449 < t' < 0.724 (GeV/c)
%150? '%150 * + + 0.724 < t' < 1,000 (GeV/c)?
| E | iy
%1005 s i
50
o ‘
_50- \
-100- ~100F
F 0100 <t <0.113 (GeV/c)? I : t
=150 (104 —-150+
I 0.449 <t <0.724 (GeV/c)? -
a3 AT n (Ge\‘wc)zw [N N —ZOO;I [N N B N RS PN EETN s R
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 with mass ~1600 MeV/c? very broad I ~600 MeV/c?
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