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GL% Mesons and exotic states e
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Simple Quark model
* Mesons: Color neutral qq systems

O Conventional (9Q)
QCD

* Meson states beyond qq

Alternative 4-quark configurations:

Hybrid (q@) g / 60 Molecule (qQ)(qQ)
D Hadro-quarkonium (QQ)(qq)

\

Tetraquark (qQQQ) <

Glue-ball (gg) or (ggg) . Di-quarkonium (qq)(dQq)
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G GlueX in Hall D at CEBAF, JLab m
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Forward Calorimeter
Time of Flight

Barrel Calorimeter

Hall D
(GlueX)

Start Counter

Target

Photon Beam

Taqgin
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lli 3 Chamber
Experimenta Electron
Halls A/B/C Beaii Central Drift

Chamber

Solenoid

Radiator

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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Forward Calorimeter

Time of Flight

= %][

Barrel Calorimeter

Start Counter

Target

Photon Beam

UNIVERSITAT

FRANKFURT AM MAIN

350 (a) 3 __

—— Diamond: PARA S agging )
00 — Diamond: PERP Magnet Forward Drift
250 — Aluminum = Chamber

] Electron _

200 4 Beam Central Drift
150 = Chamber
100 E Radiator Solenoid

50

0.5 |

0.4 g p e .| See GlueX plenary talk by M.Sheppard
0.3 3! .| = more details & results

0.2

0.1

Linear polarization in peak at ~9 GeV: Py ~ 40%
Energy tagged by scattered electrons
Beam intensity: 1 — 5 - 107 y/s in peak

T Ii Illllllllllllllﬂll"l'_IH ] ITTIIHT]IHT[IIH]”ITI”HIIIT

o

L ——
P L b b b

: _
b #;ii**t*#;tj

95 10 105 11 115
Photon Beam Energy (GeV)

N
(6]
m,
©

(6]

(o]

Frank Nerling Search for Y(2175) in photoproduction at GlueX 8



VOLFGANG GOETHE

LUEXWW Sl
The Y(2175) — strange partner of Y(4230) =

[Phys. Rev. D. 74 (2006) 091103] [Phys. Rev. D 99, (2019) 032001]
AEEASESETN ATES RESD LRSS EREN LEED EELY :
| > .: —4— BESIII
I ] S | P 6 BABAR
] SR S Fit
i ‘ Y(2175) e [ 1) m = 2239.2 + 7.1 MeV/c®
_ 075} 1 2 S
2 i T % ¢y [=139.8 +12.3 MeV
B L
S 05 - L
® . { I
) 1 I T SR T S LR o . o
i ] 2 22 24 26 28 3 3.2
0.25 N ] /s (GeV)
............... + Tldy, t 4 ete” — K*K~ cross section at \/s =2.00-3.08 GeV
Pt b ]
b b b L b b L L BTN M =22392+7.14+11.3 MeV/c?
14 16 1.8 2 22 24 26 28 3 . /
E._ (GeV) I'=139.8 £ 12.3 4-20.6 MeV
First observed in ISR, BaBar PDG: Larger spread in individual resonance

parameter measurements, e.g. above
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The Y(2175) — strange partner of Y(4230)UNW§§?AT

0(2170) mass measurements
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[Phys. Rev. D 99, (2019) 032001]

16 F PDG average . —$— BESIII
- PR D104 032007 : w
14 PL B813 136059 | 0.3 8. ® B_ABAR
J PR D102 012008 |! : ,. it £ Fit
B PRL 124 112001 =
10} PR D9 012014 % 0.2 I'=139.8 +12.3 MeV
- PR D86 012008 =
6l R D80 031101 0.1
_ FRPESAe 2 22 24 26 28 3 <
i T Ty e*te” — K*K~ cross section at \/s=2.00—-3.08 GeV
2%00 2100 2200 2300 2400 .
m, [MeV/c’] M =223924+7.1+11.3 MeV/c?
F'=139.8% 123 £+=20.6 MeY
PDG: Larger spread in individual resonance
parameter measurements, e.g. above
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[Phys. Rev. D 99, 114014 (2019)]
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* Investigation of reaction yp = ¢np @ E, = 8 GeV
* Assumption: T'(Y(2175) = ¢n) = 6.6 MeV (quark model)
* Peak integral: o, = 885 pb (with 0., = 7nb, I = 83 MeV/c?)
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K+ K- [Phys. Rev. D 99, 114014 (2019)]
R 20
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* Investigation of reaction yp = ¢np @ E, = 8 GeV
* Assumption: T'(Y(2175) = ¢n) = 6.6 MeV (quark model) Timeline | [ L
=1
* Peak integral: o,y = 885 pb (With Oy, = 7nb, I = 83 MeV/c?) TS
* [(Y(2175) = ¢fp(980) / T(Y(2175) = ¢n)) = 1.37 (2018 103 >
> For Y(2175) =¢fy(980): 0410 = 1212 pb 2023
2024

Frank Nerling Search for Y(2175) in photoproduction at GlueX 12



. . e h |
GL”EX Event selection @ = o o

UNIVERSITAT

FRANKFURT AM MAIN

)« Apply loose PID selection (dE/dx, ToF) )

* Form y K'Kn*n~ p candidates
* Perform 4C of K*K™n*n™p t0 yp..ec System together with
* Vertex fit of K'K n*n~p system

L event candidates

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

* Determine ¢(1020) yield using a Voigtian fctn.
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* Photon energy: * Momentum transfer: * Veto A(1232)**:
E, > 8 GeV -t <1 GeV?/c? m(TT*p) > 1.35 GeV/c?
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GL”EXW‘” Event selection (ll): Kinematics = =50
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_ x10° x? distribution = IMM?| distribution
8 30}(a) — Data 3 (b — Data
oc | il 107"} -
201 «— '
[ : 1072 ¢
15} :
10 - 1073 -
i Gu |
i Preliminary E 10_4 s Preliminary :
00 10 20 30 40 50 60 70 80 90100 0 20 40 60 80 100
X2 IMM?| [MeV?/c?]
* 4C and vertex fit quality: * Missing mass:
v <70 (ndf=11) IMMZ?| < 50 MeV?/c*
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%10° Invariant K"K~ mass x10° Cumulative inv. K"K~ mass
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* Fit signal with function (V = Voigtian):

Am

f(m) =V (m;mg, Lo, ores) + |m — mylP - €™ for m > my,

* Fix @-shape parameters to extract distributions slice-wise
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MC 17: m(K*K™) vs m(K*K™n*rt)
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GLUEX ™ glice-wise fits & @ signal shape parameters - - %
EONAAF AT
e Data 2018 Fall x10° Inv. KK~ mass (2018 Fall)
g s . 2]
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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”EX Differential cross section gk -

UNIVERSITAT
* Determine mass-dependent cross section:
d_a(m_) _ Ny ()
«10° ¢(1020) yield do/dm(yp — 6(1020) T p) do/dm(yp — 6(1020) T p) (comb.)
2 3l 2l © 0f () - © o)
e .3} — 2018 spring| S 20} ¥ — 2018 spring| > gt ot
Z | — 2018 Fall & 18F | ﬁ # — 2018 Fall 3 el + H’+
= ﬁ 2 16} ﬁﬁ# s .00 .
2l + £ 14 t ; e ° ¥ K
; T 12 . + +
: # W, 3 1 f S 10} "
S + # 10k +*+ S : A
: ++ ne +¢+‘+ + 4.t 8t 4 3 8t : +
1:‘ ++ ¢+¢¢ 00’ 6L + 6F ; O’
st 4 F GuAT F | 4 G ¢ Gut T
5} o 450 ;
;" | | Prellmlnary I ::ﬁ 2;:# Preliminary 2;.0 Preliminary 4
41618222242628332 416182222426283322 941618222242628332
m(on*n) [GeV/c?] m(on*n) [GeV/c?] m(¢m*n) [GeV/c?]

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

— 13

L ea D Wi ; : 579
om0 ZZ:— s g w; with w; = 1/0z;
i /)
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GL”EX Mass-dependent cross section result

=> Take differences in cross section of
default vs. varied fit as systematics
Source Ssnen 10l
»(1020) branching fraction 1.0
2 requirement 0.9
MDM? requirement 0.4
Accidentals 0.5
KTK~ binning 0.7
A(1232)** 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

do/dm [nb / GeV/c?]

N
o
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do/dm(yp — ¢(1020) "t P)

R N N TN —
O N AP OO OO N M OO ®©

o S
: Eiii iiii reliminary
5_ gkt F
B iy
T i 3
- ;i
- :
: ‘
$
i i
7 L
41618 2 2224 2628 3 32

m(¢n*n) [GeV/c?]
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GL”EX\"’" Search for resonances in m(@1+m) precins o
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* Fit signal + background in combined spectrum
> 1 Res.: f(m)=V(m;mi,T'1.0ws) + Tu(m)
> 2 Res.: f(m)=Vi(m;mq, 'y, 0pes) + Vo(m:;mo, I's, 0res) + Tu(m)
> V = Voigtian, T, = 4t order Chebyshev polynomial

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

do/dm(yp — ¢(1020)t*wp)

* Repeat for each systematic variation s
> 5
8 16F
e Systematic uncertainty: Difference to nominal result % o
§ 105—

* Additional systematics are: .
» m(¢nr) fit range af
» m(¢nn) fit model (degree of bkgd polynomial) 5
» $(2170) mass my (by +/- 10)
> $(2170) width Iy (by +/- 10)

4 16 18 2 22 24 96 28 3 3.2
m(¢m) [GeV/c?]

* And we take the (larger) difference as systematic uncertainty
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do/dm(yp — ¢(1020)t*np)
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Fixed Y(2175) parameters - fit a,) pinks -

UNIVERSITAT

FRANKFURT AM MAIN

R1: Fixed PDG parameters Y (2175)

Mg(2170) = 2162 £ 7 MeV /c?
F¢(2170) = ].OO__H;% MeV/02

O'¢(2170) = 174 £+ 69 (Sta.t) + 218 (SyS.) pb
0(2170) < 499 pb (CLQO) [Z = 1.60 (210’)]
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do/dm [nb / GeV/c?]

pull [o]

do/dm(yp — ¢(1020) T p)

20F
18L (a) +4 GLUE%
16 :_ """ Preliminary
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9"". | ------ i MR el e I J
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Fixed Y(2175) parameters - fit a,) pinks -
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R1: Fixed PDG parameters Y (2175)
m¢(2170) = 2162+ 7 MeV/c2
P¢(217o) = IOOfg} MeV/C2

R2: Possible structure at m ~ 1.8 GeV

0 X (1800) < 615 pb (CLQO)

O'¢(2170) = 232 + 68 (Stat) + 91 (Sys.) pb

0 $(2170) < 379 pb (CLQO) [Z = 1.90 (180’)]

Frank Nerling
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do/dm(yp — ¢(1020)t*np)

Fixed Y(2239) parameters — fit b,)
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R1: Fixed parameters Y(2239)

My (2239) = 2239.2 + 13.4 MeV/c?
Py(zzgg) = 139.8 &+ 24.0 MeV/c2

B + [Phys. Rev. D 99, (2019) 032001]
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Uy(2239) = 641 + 82 (St&t) + 181 (SYS.) pb
Oy (2239) < 896 pb (CLQO) [Z =9.7T0 (600’)]
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R1: Fixed parameters Y(2239)

My (2239) = 2239.2 + 13.4 MeV/c?
Fy(zggg) = 139.8 &+ 24.0 ].\/.[G\//C2

R2: Possible structure at m ~ 1.8 GeV):

Ux(lgoo) < 701 pb (CLQO)

Uy(2239) = 629 £+ 83 (Stat) + 130 (SYS.) pb

Oy (2239) < 826 pb (CL90) [Z =4.To (510‘)]
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* Analysis of reaction yp = K'Kn'np

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

* Search for Y(2175) + other resonances gives

Co o sen o o 2

Fit a;: Y(2175) 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 2" structure at around m = 1.8 GeV/c?
» UL(CL90): 0 <615 pb (fit ay) and o < 701 pb (fit b,)

Frank Nerling

Search for Y(2175) in photoproduction at GlueX 27



Gu-

* Analysis of reaction yp = K'Kn'np

Summary
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* Measurement of differential ¢m'7~ production cross section T]:b]mk y@m]g

* Search for Y(2175) + other resonances gives

Co o sen o o 2

Fit a;: Y(2175) 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 2" structure at around m = 1.8 GeV/c?
» UL(CL90): 0 <615 pb (fitay) and 0 < 701 pb

Under internal review for publication
- paper submission to journal soon
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