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The COMPASS Experiment
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The COMPASS Experiment

@ Secondary hadron beam, mostly 7~ (~ 97 %)
o Epeam = 190 GeV )
e Liquid hydrogen target (40 cm) 4
e +p — wm4+a+at+p

ECAL2
HCAL2

SM2

ECAL1
HCALL
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Si Telescope RICH1

[COMPASS, NIM A779, 69-115 (2015)]
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3t PWA

@ Isobarmodel: X~ -1+ & - +at 4+ 1
@ Data binned in 100 ms, and 11 t’ = |t| — |t|in Slices
@ PWA with 88 waves [COMPASS, PRD 95, 032004 (2017)]
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3t PWA

Isobar model: X~ -~ +&é—-n +at 41
Data binned in 100 ms, and 11 t’ = |t| — |t|in Slices
PWA with 88 waves [COMPASS, PRD 95, 032004 (2017)]
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[Light-Meson Spectroscopy with
COMPASS, arXiv:1909.06366v2]
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3t PWA

Isobar model: X~ -~ +&é—-n +at 41
Data binned in 100 ms, and 11 t’ = |t| — |t|in Slices
PWA with 88 waves [COMPASS, PRD 95, 032004 (2017)]
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The a{(1420) signal




BW-fit to resonance-like signal The a;(1420) signal
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[COMPASS, PRL 115, 082001 (2015)]
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BW-fit to resonance-like signal
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What makes this signal exotic?

@ Only seen in the JP¢ = 17+ £,(980)x P-wave
@ Very close to the ground state a;(1260)
@ Too narrow: 150 MeV (ground state has 250-600 MeV)

Fit of the a1 (1420) as a Triangle Singularity

(6/19)



Possible scenarios The a;(1420) signal

@ 4-quark state
[H.-X. Chen et al. (2015)],
[T. Gutsche et al. (2017)]
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Possible scenarios The a;(1420) signal

@ 4-quark state
[H.-X. Chen et al. (2015)],
[T. Gutsche et al. (2017)]

@ K*K molecule (similar to XYZ)
[T. Gutsche et al. (2017)]

@ Dynamic effect of interference with
Deck-amplitude
[Basdevant & Berger, PRL 114, 192001 (2015)]
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Possible scenarios The a;(1420) signal

@ 4-quark state
[H.-X. Chen et al. (2015)],
[T. Gutsche et al. (2017)]

@ K*K molecule (similar to XYZ)
[T. Gutsche et al. (2017)]

@ Dynamic effect of interference with
Deck-amplitude
[Basdevant & Berger, PRL 114, 192001 (2015)]

@ Triangle singularity
[Mikhasenko et al., PRD 91, 094015 (2015)],
[Aceti et al., PRD 94, 096015 (2016)]
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The a4(1420) signal

- The Triangle Diagram -
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Partial-Wave-Projection Method

The a;(1420) signal
Include spin via partial-wave projection:

1. Look at the partial wave for a;(1260) — KK with isobar K*

aj K
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Partial-Wave-Projection Method

The a;(1420) signal
Include spin via partial-wave projection:

1. Look at the partial wave for a;(1260) — KK with isobar K*
2. Project it onto the 3 final state with isobar f,(980)

us b4
K* (12)
a K a 71'
_ fo (23)
K b
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Partial-Wave-Projection Method The a;(1420) signal

Include spin via partial-wave projection:
1. Look at the partial wave for a;(1260) — KK with isobar K*
2. Project it onto the 3 final state with isobar f,(980)

3. Obtain the first order approximation of the Khuri-Treiman
approach
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The Triangle Diagram The a;(1420) signal
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The Triangle Diagram The a;(1420) signal

\
T h —— K*KK /20 === o7x
5 0.04f B e sl
4

a; (1260) e
T

i_(/n’
7.(980) o= ; s
0( ) mar (GeV/c?)
@ Ground state rescatters 200

through other
intermediate isobar ¢

100

@ Using Feynman e
calculation treating a0
everything as scalars ook

12 14 16 18 20
max (GeV/c?)

Fit of the a4 (1420) as a Triangle Singularity (10/19)

Mathias Wagner (Uni Bonn, HISKP)



The Triangle Diagram The a;(1420) signal
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The Fit

- Model -
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Wave Selection

Select interesting components from the pool of 88 partial waves:

1. JPC = 1++ pr S-wave
e Contains the ground state a;(1260)
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Wave Selection

Select interesting components from the pool of 88 partial waves:

1. JPC = 1++ pr S-wave
e Contains the ground state a;(1260)
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Wave Selection

Select interesting components from the pool of 88 partial waves:

1. JPC = 1++ pr S-wave
e Contains the ground state a;(1260)

2. JPC = 1++ £,(980)x P-wave
e Contains the signal of interest, the a;(1420)

3. JPC = 2++ pr D-wave
e Contains the a>(1320)

e Clean signal, small background
o Interferometer
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Model

@ From PWA: #events per ms, and t’ slices for a given partial
wave
d?N d?o

2~
o o< M| Miot| ©o,
dms, dt’  dmg, dt | M| ®2

@ Intensity:

®,: quasi-2-body PS
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Model

@ From PWA: #events per ms, and t’ slices for a given partial
wave
d?N d?o

2~
o o< M| Miot| ©o,
dms, dt’  dmg, dt | M| ®2

@ Intensity:

®,: quasi-2-body PS

o Interferences between waves ~ mg MU M) w/ég)éf)

tot tot

° Mtot = Msignal + Mbgd

Fit of the a4 (1420) as a Triangle Singularity (13/19)



Model

1
° Msignal x5 > 3
MX - m?m -1 Mxrx(m:;ﬂ) -
. X N
. T T
o Propagator with ~
T

energy-dependent width
e Multiplied by triangle amplitude p p
for forr P-wave
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Model

1
° Msignal x5 > 3
MX - m?m -1 Mxrx(m:;ﬂ) -
. X N
. T T
o Propagator with ~
T

energy-dependent width
e Multiplied by triangle amplitude p p
for forr P-wave
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Stamp Plot

\llntensities Interferences
(fitted via real and imaginary part)
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Stamp Plot

21 pnD

10" pniS

95,08} 2 W L6 AP F 22,20 00 0B, } 12,
200000p—
@ 150000
&
:omoooo- —
— 2
é 50000f~ S
1%
> . L @
@/ 0.6 14 16 18 2 [+
g m,, (GeVId) s
2 o
S =
g a
= [}
= o
ot N |
06 08 1 12 14 16 18 2 22 24
m, (GeV/c)
40000}
o
0.100 < t'/ (GeV/cf < 0.113 E
al
Tp — TT'TTp (COMPASS 2008) N a0
Mass-independent fit
Fit model
Signal N N LTI
06 08 1 12 14 16 18 2 22 24

m,. (GeV/c)

Fit of the a1 (1420) as a Tri

gle Singularity



Comparison with Breit-Wigner

Intensity / (20 MeV)
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Conclusion

@ ltis possible to fit a;(1420) with the Triangle-Model.

The inclusion of spins is done via the partial-wave-projection
method.

Spin only affects the shape, not the position of peak.

The Scalar-Triangle-Model is sufficient for first studies.

Many systematic studies have been performed.
e Very stable w.r.t. manipulations of the data and the fit model.

@ Comparison of Triangle-Model and BW-Model:
o Competitive fit quality between both models.
e In the Triangle-Model: No free fit parameters are present to
describe the peak position and width of the signal.
o Rescattering has to be present!
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Thank you for your
attention!
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Back-Up

Fit of the a1 (1420) as a Triangle Si i Mathias Wagner (Uni Bonn, HISKP)



e of Complex Plane
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All Scalar Amplitudes
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Complex Amplitude
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Mathias Wagner Bonn, HISKP)
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Comparison with Scalar-Triangle
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Stamp Plot - Breit-Wigner
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Comparison with Direct Decay
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Systematic Studies
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PWP - Calculations

AR = Y |Fuls)Zi@sr2) + Fuls20)Z0(R1.20)|

w=(JMLS)
ﬂ;
K*0 S12
ay K"
1
2_ > S23
K

Simple model: Fy(s12) = Cg, - tk=(S12)
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PWP - Calculations

A7) = Z [FW(S12)Z:|/(Q3,12)+FW(823)Z:V(Q1,23)]
w=(JMLS)

Projection to channel (23):

Aw(s23) = fdQLstw(QLza)A(T)

= Fu(s2s) + Fu(s23)

with  Fy(so8) = f 0Zu(s23) 3 Fu(512)Z)(Qs.12)
W/
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PWP - Calculations

A7) = Z [FW(S12)Z:|/(Q3,12)+FW(SZ3)Z:V(Q1,23)]
w=(JMLS)

Projection to channel (23):
Aw(szs) = fdQ1’23ZW(Q1,23)A(T)
= Fu(szs) + Fu(szs)
with  Fy(sa3) = deW(Sza)Z Fw (812)Z,,(23,12)
—
unitarity for PW amplitude A,,:

1 S FA S -
f P( 23) w( 23) |
2r Js,

= Fu(sz3) = te(S23) [Cw + — =
n S23 — S23
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PWP - Calculations

A7) = Z [FW(S12)Z:|/(Q3,12)+FW(SZ3)Z:V(Q1,23)]
w=(JMLS)

Projection to channel (23):

Aw(s23) = fdQngZW(Qng)A(T)

= Fu(s2s) + Fu(s23)
with  Fy(sa3) = f dZW(323)Z Fw (s12)Z,,(2312)
W/

unitarity for PW amplitude A,,:

1 p(323)Fu(3as) .
= FW(st) = tf(323) [Cw + Ef wdSQ\g
St

. S23—S23

Problem: F depends on F as welll ~> solve iteratively

Fit of the a1 (1420) as a Triangle Singularity



PWP - lterative Procedure

p(§23)fdzfo(§23) Ca, tk(812)Z-(23.12)

Sp3 — Sp3

1 <
F(s23) = tfo(SZS)EL . dsp3
my
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PWP - lterative Procedure
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PWP - lterative Procedure

S fdzf0(§23) Ca, tk+(512) 2. (Q23.12)

o p(52)
F(s23) = tfo(st)—f4 , 0523 F——
M
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PWP - lterative Procedure

P(ézs)fdzfo(gzs) Ca, t+ (812)Z- (23.12)

1 (o]
F(s23) = tr (S23) — ds =
(s22) = tofses)5- | e —
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PWP - lterative Procedure

p(ézs)fdzfo(gzs) Ca, tk(812)Z-(23.12)

Sp3 — Sp3

1 <
F(s23) = tfo(SZS)EL . dsp3
my
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PWP - lterative Procedure

oo P(ézs)fdzf[)@zs) tk+ (512)Z- (23,12)

’
F(s23) = Cat,(S23) 5 ds =
(s23) = Ca try(S23) 5 - - 23 ——
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