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Simple Quark model
* Mesons: Color neutral qq systems

O Conventional (qQ)
QCD

* Meson states beyond qq

Alternative 4-quark configurations:

Hybrid (qQ) g // 68 Molecule (qQ)(9Q)

Tetraquark (qGqq) < Hadro-quarkonium (QQ)(qQq)

Glue-ball (gg) or (ggg) Di-quarkonium (qq)(gq)
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GwiX  GlueX in Hall D at CEBAF, JLab =3
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12 GeV electron beam from CEBAF accelerator
Coherent Bremsstrahlung on diamond radiator
Linear polarization in peak at ~9 GeV: Py ~ 40%

Energy tagged by scattered electrons
Beam intensity: 1 =5 - 107 y/s in peak
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GwiX  GlueX in Hall D at CEBAF, JLab = 3"
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[Phys. Rev. D. 74 (2006) 091103] [Phys. Rev. D 99, (2019) 032001]
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parameter measurements, e.g. above
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'X The Y(2175) — strange partner of Y(4230):

®(2170) mass measurements
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[Phys. Rev. D 99, (2019) 032001]
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[Phys. Rev. D 99, 114014 (2019)]
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* Investigation of reaction yp = ¢onp @ E, = 8 GeV
* Assumption: (Y (2175) = ¢n) = 6.6 MeV (quark model)
* Peak integral: 0, = 885 pb (with 0. = 7nb, ' = 83 MeV/c?)
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K+ K~ [Phys. Rev. D 99, 114014 (2019)]
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* Investigation of reaction yp = ¢onp @ E, = 8 GeV
* Assumption: (Y (2175) = ¢n) = 6.6 MeV (quark model) Timeline | [L
=]
* Peak integral: o, = 885 pb (with 0., = 7nb, I’ = 83 MeV/c?) (20/17__("’?‘>
* (Y (2175) = ¢fy(980) / T (Y(2175) = o¢n)) = 1.37 2018 103
» For Y(2175) =¢fy(980): 0y = 1212 pb 2023
2024
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| -
)« Apply loose PID selection (dE/dx, ToF)

* Form y K*K n*n~p candidates
* Perform 4C of K*K™ "1™ p {0 ypy,e System together with
* Vertex fit of K"K n*n~ p system

. event candidates

) * Apply beam energy cut E,> 8 GeV =
* Apply momentum transfer cut —t < 1 GeV?/¢* (fiducial)
* Apply veto cut for A*(1232): m > 1.35 GeV/c? + event selection cuts
* Require [MM?| <50 MeV?/c*for missing mass squared
* Require y%civi <70 -
)

* Determine ¢(1020) yield using a Voigtian fctn.
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GL% Event selection (ll): Kinematics =5
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* Fit signal with function (V = Voigtian):
—A\m

f(m) =V (m;mg,To, 0res) + |m — my|?P - €

* Fix ¢-shape parameters to extract distributions slice-wise

for m > my,
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GL”XE Slice-wise efficiency determination
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* Fit yields in 45 MeV slices in 4-body mass with fixed signal shape
* Signal shape parameters m and o, determined from data (coarse scan)
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* Single slice fits data (here for 2018 Fall)
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GL% Differential cross section =5,
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* Determine mass-dependent cross section:

da Ng(m;)

m.;) =
~ x10° ¢(1020)-yield _ do/dm(yp — ¢(1020) t*mp) . do/dm(yp — ¢(1020) n*n"p) (comb.)
S 3t i S 20D — -] e 4
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5." | | Prellmmary "o, :’ﬁ 2" Preliminary 2 ;.0 Preliminary 4
41618222242628332 416182222426283322 941618222242628332
m(on*n) [GeV/c?] m(on*n) [GeV/c?] m(on*) [GeV/c?]

* Combine results by bin-wise via ,weighted average“ method:

~1/2

& i Dy 9 2
.1‘:&(5.1?:21—:1: g w; with w; = 1/6x;
: Wy
(2 ?
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GL% Mass-dependent cross section result =

=> Take differences in cross section of
default vs. varied fit as systematics
Source IR v
¢»(1020) branching fraction 1.0
\? requirement 0.9
MDM? requirement 0.4
Accidentals 0.5
KTK~ binning 0.7
A(1232)*T veto 2.8
»(1020) fit model data 0.8
»(1020) fit model MC 0.7
»(1020) fit range 1.6
»(1020) veto range MC 0.5
¢»(1020) integral range MC 0.1
»(1020) param. interpolation 0.5
Total systematic uncertainty 4.7

[nb/ GeV/c?]

do/d
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do/dm(yp — ¢(1020) " P)

i S

i iﬁi iﬁi reliminary

: Hiﬁ F

| " 1 i

- : §

; §
i i

> # i;
. s,
_I! .{
41618 2 2224 2628 3 3.2

m(¢on*n) [GeV/c?]
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GL”XE (""" Search for resonances in m(¢@1r*)
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* Fit signal + background in combined spectrum
» 1 Res.: f(m)=V(m;m,I'1.0s) + Ty(m)
> 2 Res.: f(m) = Vi(m;mq, 'y, 0res) + Vo(m;ma, I'a, 0res) + Ty(m)
> V = Voigtian, T, = 4th order Chebyshev polynomial

* Use weighted mass resolution from MC (0,..= 24.6 MeV/c?)

do/dm(yp — ¢(1020)t*np)

* Repeat for each systematic variation T fg
& 185
* Systematic uncertainty: Difference to nominal result § o
5 10}
* Additional systematics are: 2
» m(¢nn) fit range 4t
» m(¢nn) fit model (degree of bkgd polynomial) g

> $(2170) mass mg (by +/- 1c) %‘é a——

» ¢(2170) width I'y (by +/- 10) RV R R R Y zf:; 58 3 3.2

m(¢n*m) [GeV/c?]

* And we take the (larger) difference as systematic uncertainty
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GL% Fixed Y(2175) parameters — fit a,) =
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do/dm(yp — ¢(1020)n*mp)
g (a) + GrueX©

Preliminary

N
o
T

R1: Fixed PDG parameters Y(2175)
m¢(2170) = 2162+ 7 MeV/02
F¢(2170) = 1001—31 MeV/C2

do/dm [nb / GeV/c?]

—h — — — —i
ocoArO NN B~ OO 0 O N B OO 0
T T T T T TT T

puII (o]

—2

141618 2 22 24 26 28 3 32
m(¢n*T) [GeV/c?]

0 4(2170) = 174 £ 69 (stat.) == 218 (sys.) pb
O'¢(2170) < 499 pb (CL90) [Z = 1.60 (210’)]
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GL% Fixed Y(2175) parameters — fit a,) =
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do/dm(yp — ¢(1020)*np)

& 20F
O B (a) +4 ~
E 18 A E:n%' R1: Fixed PDG parameters Y(2175)
B ::i_ m¢(2170) =2162+7 1\/.[8\[/62
- [
=, ) = 10013 MeV/c?
E 12F $(2170) —21
XS] r
8 10}
81 R2: Possible structure at m ~ 1.8 GeV
6 B
4 A JX(ISOO) < 615 pb (CL90)
O .
4
G 2
=
3 —2

14 16 18 2 22 24 28 28 3 3.2
m(¢n*n) [GeV/c?]

0'¢(2170) = 232 + 68 (stat) + 91 (Sys.) pb
0 (2170) < 379 pb (CLQO) [Z = 1.50 (180’)]
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GL% Fixed Y(2239) parameters — fit b,) =

UNIVERSITAT

FRANKFURT AM MAIN

do/dm(yp — ¢(1020)*np)

T S F®
= o LUEX
> 18: Gx R1: Fixed parameters Y(2239)
) 16:_ _____ 3 Preliminary
8 aaf My (2039) = 2239.2 & 13.4 MeV/c?
£ 12F Ty (2239) = 139.8 £ 24.0 MeV /c?
8 10f
8 - + [Phys. Rev. D 99, (2019) 032001]
6- + o .: —3— BESIII
S Booli) e 4 BABAR
4F - Yo, 03k i Fit
2‘ - A * = [iN m = 2239.2 + 7.1 MeV/c?
0*.‘ B L o e e s G < oz @ - I =139.8 + 12.3 MeV
5 % @
g_ :3 R 1 0.1_— oL
14 16 1.8 2 22 24 26 28 3 32 “.2....22...24.-‘.2.6,”.2:5-
m(¢n*n) [GeV/c?] C sGev) |

Uy(2239) = 641 &+ 82 (stat) + 181 (sys.) pb
Oy (2239) < 896 pb (CL90) [Z = 9.7T0 (600’)]
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GL% Fixed Y(2175)‘ parameters — fit b,) b
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do/dm(yp — ®(1020) 1 p)

N
o
T

O -
E) Ei(b) A ﬁ:% R1: Fixed parameters Y(2239)
B gt ‘ My (2230) = 2239.2 £ 13.4 MeV/c?
£ 12f Ty (2239) = 139.8 £ 24.0 MeV /c?
2 10F

8¢ R2: Possible structure at m ~ 1.8 GeV):

0 X (1800) < 701 pb (CLQO)

14 16 1.8 2 22 24 286 28 3 32
m(om*n) [GeV/c?]

Uy(2239) = 629 4 83 (St&t) + 130 (Sys.) pb
OY (2239) < 826 pb (CLQO) [Z =4.70 (510’)]
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Gus-

* Analysis of reaction yp = K'Kn'np

Summary NNNNNNNNNNNNNNNNNNNN

UNIVERSITAT

FRANKFURT AM MAIN

* Measurement of differential pm'n production cross section o(yp = ¢n'np)

* Search for Y(2175) + other resonances gives

mm

Fita,: Y(21795) fixed
Fit a,: Y(2175) fixed
Fit by: Y(2239) fixed
Fit b,: Y(2239) fixed

174 = 69 = 218

232 £ 68 = 91 379 1.8 1.5
641 £ 82 + 181 896 6.0 5.7
629 £ 83 = 130 826 51 4.7

Fit with Y(2175) PDG parameters = no evidence (Z < 30)
Alternative fits with Y (2239) parameters (fixed) = evidence/observation (Z > 3)
Signal strength of Y(2239) in ball-park of predicted o = 1200 pb

Find 2nd structure at around m = 1.8 GeV/c?

> UL(CL90): o < 615 pb (fit a,) and o < 701 pb (fit by)

Frank Nerling
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