TUTI

TECHNISCHE
UNIVERSITAT
MUNCHEN

Excitations of flavorless and strange mesons

The case of Isovectors

Stephan Paul
for the COMPASS Collaboration
TU Munich

LMU

(&)
(omems
.Eg' Excellence Cluster



TI.I'I1 Excitations of the Ground State

UNIVERSITAT
MUNCHEN

The spectroscopy of mesons

Light mesons (excitations of the pion)

Strange mesons (excitations of the kaon)

What is the excitation spectrum of the ground state ?
How stable are excitations ?

How do they couple the quarks and gluons ?

What happened to its chiral partner and its excitation ?

At which energy (mass) will the parity splitting disappear ?
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from diffractive scattering of #— and K~

In diffractive scattering : COMPASS investigates numerous

beam + p —>+p —>+ p multi-body final states

information on X obtained from 2-body

0 /
partial wave analysis of the final state hadrons - ’ nr, n'm, f{(1285)n
— K=, Ap
3-body

o
- KX

— K ntrn

effective 3-body

N
e 4-body

-
* 5-body

— 7 2n2n"




LMU

Tm
< (( (oRIGINS
+ _J\? Excellence Cluster

Tl Partial Wave Analysis
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 Decomposition of a complex System (without interference)

inspired by M. Pennington
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 Decomposition of a complex System (without interference)
 But: guantum mechanics involves interference

* Model reaction as multi-step process: production X and subsequent 2-body decays
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Classical Partial Wave Analysis

step 1

Example: 3-body - describe population in 5-dimensional phase space of final state by model
Define a set of quantum numbers JPC

Define a set of decay channels for each JPC

(X- = isobar + m; isobar—>nn ) : Wave

each such “wave” has a pre-determined population in phase space
each wave may have alignment of J described by quantum number M

For each bin of 20 MeV/c2 mass of final state: determine which coherent combination of
waves fits distribution best

Obtain spin-density matrix

likelihood

step 2

* Describe spin density matrix (submatrix) by model containing resonances and non-
resonant contributions connecting all mass bins

* Determine resonance parameters
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New Fit Scheme

U(mx, T) = 0 Zwaves Twave(mX) Awave(mX/ T)

partial wave decomposition: exact only for n,,;yes = ®©

impractical © cut off needed
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New Fit Scheme

e Automatic model selection

increase model space to over 332 -860 waves (depending on final state)

novel algorithm for selection of individual waves (thresholding, detection destructive interference of
small waves, regularisation via Cauchy or double Pareto)

resulting model space varies across mass range
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most exciting examples in X — b,(1235)n — (wn)r :
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Fit 23x23x4 elements of p,_ __(m, 1)

4500 data points

3m analysis: fit 64 x 64 x 11 elements of p__(m, t')

350 free parameters
45000 elements p_ (m, 1) !!
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exciting example in a;(2500) — [b6,(1235)x] (L =95) — (wn)r:
67 high spin system

><105 6+1+b17TH1; b15

10 ] COMPASS
> |
= |
b low t
C
D 05
- S
= }Lk

0.0 + : ﬁ}\ x10° 671TbymHL1; 015

(a) wm isobar (b) w7 isobar

COMPASS

allt |.

Phase
[deg.]

—200 -

2.0
my [GeV/c?] Merr |GeV/c?]

*in total 150 waves appear in various mass ranges
(from the pool of 830 waves)
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* Two decay modes possible passing through L=0and L = 2:

(1716, 751; 6, 8] — [17 11 by wS1; b1 D]
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Excitation of the gluon field
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Summary z p — WAx p

Resonance | mg [MeV/c?] | Iy [MeV/c?]

r(1800) | 1768 £672% | 320+£ 971
1660 £ 20 1_28 370 % 30—_%8

new

new decay channel - spin exotic

new

new

new
new
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involves three decay chains:

Spin-exotic J'“=1"" signals in Z7z7n

Primary Decay Secondary Decay Tertiary Decay X103 at COMPASS
X~ — £1(1285)7~ f1(1285) — a5 (980)m ag (980) — 70
X~ — f1(1285)7~ f1(1285) — I(7T7T)577 (7IT7T)S — 7'('_7'("—'_ 15
oy
T BN, 4
. . . I a
use 16 isobar combinations 10 | \p "

high mass isobars

- distortions for low mass systems (phase

space)

750k events

Intensity / (0.04 GeV/c2)

o _“e0

2 2.5 3
My rnn (GEV/C?)

RIGINS

eeeeeeeee Cluster

-

13



TI'ITI — — — nm z RIGIN
it lookatw p >y« T P (&

MUNCHEN
involves three decay chains: high mass a;-JF'¢ = 2 in nrrw
Primary Decay Secondary Decay Tertiary Decay X103 2++ l+f2a082
X~ — £1(1285)7~ f1(1285) — a5 (980)m ag (980) — 70
X~ — f1(1285)7~ f1(1285) — I(7T7T)577 (7IT7T)S — 7'('_7'("—'_

COMPASS

o

use 16 isobar combinations
high mass isobars
- distortions for low mass systems (phase

Intensity [(40 MeV/c2)™ ]
9

space) i
- excellent to study high mass light flavors
. M > 2 GeV/c?
S
3 0
S
~
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X rest frame
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e Perform PWA

* Decay amplitudes simple - spherical harmonics

A(mgg, t';0,¢) = Z T) (Mg, )Y, 1,(6, P)

.M

— Partial-wave amplitudes split into

— Production and propagation  |[T; y (mgg, t')|
— decay Ym0, 9)

o Flt: dd)(H, ¢) -~ I(mKK, t” 9, ¢) = Z T],M (mKK, L ) } (0, QD)
.M

— separate in bins of Mg and t’

* ambiguities !!
450kevts 14
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¢ Fit: d(p(a ¢) - I(mKK: t’; H} ¢) —

Perform PWA

np — KK~ +p

Decay amplitudes simple -|spherical harmonics

A(mKK' t’; 9» ¢) — z

.M

T]’M (mKKr t') ¢],M (6' ¢)

— Partial-wave amplitudes split into

— Production and propagation

— decay

dN

T) y(mgg, t')|

lp],M (91 ¢)

Mo A
Z T],M (mKK; t,) Yj l{;% 43,;'
.M

— separate in bins of Mg and t’

ambiguities !!

Intensity [(GeV/c*)™']

Intensity [(GeV/ )1
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I I Resonance components
: : Non-resonant Componenl
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| E © i&\\
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100 _ : 1K,
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Resonance Parameter value
mo [MeV /c?] Iy [MeV/c?]
a2(1320) 1316.63 £ 0.207F 109.5 + 0.4+26
a2 (1700) 1748 + 4733 534 £ 9725,

a4(1970)

ay

aeg (2450)

new

1952.2 -

327 =

new

2608 - 609 *

2430 -

News at High Mass - a,", a,’, ag
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The Light Isovector Meson System

U "|VERI§||TEAT

o T a ® a Tw, a, a,f|7w, a

| I I I I I I + I

cg 2500_—
> T )
2 B + N l §
— 2000 — o0 8
= ® °® >
S e O
= | e e
2 1500 ; ' ' g
S ® | 3
;L .
= 1000 —

0+ : 1+t : 1~ : y++ : y—+ : 3+ : A+t : A—+ : 6+t

* COMPASS found 18 states in a consistent analysis (more on the horizon) @
—1 \
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COMPASS beam contains 2% kaons

ldentified through beam-Cherenkov detectors

Perform analysis of reaction K~ +p — K 277" + p (720 kevts)

x 104
1.0 - K1(1270) i ho -+ Total 4 1%
T ek (1400) DS A A <
~
> y 2
= ~ 106 \
= _ > )
S Y “Tese,
= 0.5 - : : : E‘?/ ”:““"’m
- following partial wave analysis = 10° f R W
0 +=
- o ',
Q>) 8 104 _ #m++?* ¢¢¢:¢0 ¢
- = : p tale
= : i JPC *m%
0.0 1 1 1 | I 1 | | 1 I 1 | 1 1 I | 1 1 1 103 | 'Slpl I't b'y : : : : : : : : +l+ l* 'ﬁ#
1.0 1.5 2.0 2.5 3.0 10 1'5 2'0 2'5 2.0
@ mgrr [GeV/c] @  mian [GeV/c? y
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 Kinematic spectrum subdivided in 4
bins of t’: [0.1,1] GeV/c’

 automatic wave selection (from a
238 wave set)

Ill

o classical” 2-stage fit
o (14x14x4 p(my, . 1))

 novel treatment of beam-pion
background - incoherent addition

Intensity [(GeV/c?)™!]
" .

S

Intensity [(GeV /c?)~!

]

-

x 104

Examples 3+, 4+, 2-

3+0+ K3 (1780)7S

x 10°

LMU

_Tum
|( )
‘~((omems
Excellence Cluster

iz

2-0TK(1430)7S

COMPASS

COMPASS

w104 4+1+p(770)KG 200 I[Ql_ol’LlKS(ll‘léO mS] — [{T0T p(770) K S]
COMPASS 0.15 < | < 0.4 (¢eV/c)?
- MPASS
100 - A
0 e +¢
» i |‘ ‘
++ - O_ ﬁ "Il
- N o
N I I
+ —100 A #
AN
¢ +++++¢+* -
I D N _200 L L L L
1.0 1.5 2.0 2.5 3.0 1.0 1.5 2.0 2.5 3.0

MKgxx |(GeV/ CQ]

MK o [GeV/CQ]
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J' =0 : K*(892)x and [Kn]  and p(770)K

Calculations expect 3 states M < 2GeV/c2

Meson JY Dom. The.
K 0~ 1'Sp, 481
21So 1512

315, 2018

4'S, 2318

519y 2488

6'Sy 2567
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x 10° 0~0"p’(T70)K P
1% CI'.l() £t £ 1.00(GeV/c)?
<. 0.7 %
e
J"=0" : K*¥@892)r and [Kx]gm and p(770)K S + >
- K(1460) =TE 2
- K(1630) (supernumerous) =
- K(1830) (weak)
1()0-: o
- ¢
o0 Iﬁt } H v
= 0"?:*%% +++++ %
AN &
100%§<z<
9200 :2::. ..................
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Examples for Excited (and Exotic) Kaons

J' =0 : K*(892)x and [K7]  and p(770)K
- K(1460)

- K(1630) (supernumerous)
- K(1830) (weak)

K(1680) is supernumerous state — candidate for Crypto-exotic meson
with strangeness

19
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COMPASS observes m/I" of 11 strange mesons using K~ 7~ 7"

° Ka Kla nga KZ? (K:;k)a K39 Kra K4
0~ 0t 1- 1t 20 2f 37 3t 4 4+ 5

2.5 - |
l " &=
— 5 X
g e | |§|
@ o :g: .
] | COMPASS
o | ® [Established
O | ' .
Not Established
. \/ | —— Quark Model
0.5 ) ® to come [Ebert et al., PRD 79 (2009) 114029]

K K K' K, K, K K K K K K
* COMPASS found 11 strange mesons - ONE supernumerous State (exotic ?)
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Results due to excellent data and novel analysis techniques

* New analysis scheme allows to disentangle complex light mesons excitations

- Soon resonance fits in > 100 different waves simultaneously

* Full proof of hybrid meson (gluonic excitation in pion)

— details of decays studied extensively

* First solid observation of high mass 2+
* Solid observation of medium-spin meson (J = 3) and excited 4++
» First observation of high-spin pion (477)

* First observation of high-spin meson (J = 6)

* First observation of ,,crypto” exotic meson

21



TI.I'I1 Summary
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Results due to excellent data and novel analysis techniques

* New analysis scheme allows to disentangle complex light mesons excitations

- Soon resonance fits in > 100 different waves simultaneously

F“(;' P Its amazing that starting from two valence
— det

.t Quarks with mass around 5 MeV you can

. solid generate structures at masses of 2.6 GeV

e First observation of high-spin pion (4~7)

* First observation of high-spin meson (J = 6)

* First observation of ,,crypto” exotic meson
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