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e Overview
e GlueX Experiment yp — A/_\p, ppp

e Data Analysis
O Detection of the Final States
O Angular Distribution Phenomenology

O Comparison of Regge models to
approximate angular distributions

O Multi-parameter optimization
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GlueX Experiment at Jefferson Lab GLUE (e

e 4~11.6 GeV photon Beam
© Linearly polarized at coherent peak near 9 GeV
< Four polarization orientations: 0°, 90°, 45°, 135°

© Produce {BB} off the proton in the liquid hydrogen target

forward calorimeter

barrel time-of

e Total statistics estimation (GlueX Phase I): targetcalorimeter flight
© ~0.4 milion {AA}p

© ~12 million {pp}p
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Detection of the Weak Decays: yp — A A p, AN—>np, A — 7T+I3
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van Hove Diagram for 3-body {BB}p Final States (CM Frame)

Longitudinal momentums in CM Frame
represented with (y) and /) in van Hove diagram:

~pM(B) = psin(w)

< pM(B) = psin(w — %n)

| 4
_ pM(p) = psin(w — 37

pM(B) + pM(B) + pM(p) =0

- ( —/3pM(B) )
@ = arctan +

pEM(B) + 2pEM(B)

K CM Frame B \
Beam Target /
D B
o Visualize the angular distribution of 3-body system in CM

3 -
-7 =\g\/ PMBP + [P B)P + [ (p)P

o Easy to identify production modes between t-channel and u-channel



Angular Distributions of AAp
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Angular Distributions of AAp
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Angular Distributions of AAp
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Angular Distributions of AAp & ppp

- 2200f a
s GLUEY Gru\© o GEX™ ) 010
r 2000 [ | i -
- Preliminary 1800F- Preliminary # Preliminary
2000| - it o w > 210°
i w0~ Unexpected |
- t
C 1400 . i
— 1500| 1200F- Strong tail # 3000{~
L . t L
}/p — AAp i 1000~ i
1000 8001 2000_*
600 -
500 400 1000j
7 : M‘fr\l
L = |I\|||I‘III|JII|IJ\ Ok 111 11 11 11 Illllllllllllllllll OliJ_JJLlJIAA ch | L J_LJ;II}ILI
%7 08 06 04 02 0 02 04 06 08 1 "1 08 06 04 02 0 02 04 06 08 1 "1 08 06 04 02 0 02 04 06 08 1

cos OM(A) cos OM(A) cos @M (p)

x10° 14021 0o° xi6°
220F 3 L 500
GLUE)(WW R GLUE)é Hﬁ GL%
i L 400
160t Preliminary 10~ Preliminary F(H Preliminary
1401 L
— 120 o Unexpected 00
— e o strong tail | g
}/p ppp 80— I{H 60: g 200:
3 3 “t 100"
40— frﬁ - L
= - o
20; Iﬁrﬁ‘ 20; S - - | |
%708 s o4z o o2 oa’ lost es s 06 o4 ez o oz o4 os os 0 s ‘—oh?ﬁio.z éMo.z 0d 08 08
CM/ =
cM cos ©®
cos @M (py,,.) cos ©(p) (Ppiwa)



“Bank” of Reaction Mechanisms

“single Regge” model

t-channel u-channel
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Multiple ways define the mass of the pair:
e IM{AA} ~ Breit-Wigner(my, 1)

e "clustering effect" ~ exp[ — (M AA zmA)/ m,]

“double Regge” model

~ exp(bt,)exp(b-t
didr, p(b;t)exp(b,t,)
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Data vs MC for Single Regge (t-channel)
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Data vs
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Data vs
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Combining mechanisms

Combined MC =

%A W/WA
: A t1i

A

pO to; + (1 - pO) t;—<— A
“Single Regge” “Double Regge”
do do
—— ~ exp(bytp) ~ exp(b;t)exp(b,t,)

dt() dtldtz

"clustering effect" ~ exp[ — (M, z —2m,)/m_]

Five fit parameters: p,, b,, m_, b, b,
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Fit Combined MC to data with TFractionFitter

AntiLambda CosTheta COM
B Entries 34420
1600/— G LUE Mean 0.4637
- SidDev. 05349
- Lo i
14001~ Preliminary F‘{ﬂ-
1200(— JJ W
1000[ - M’
800(— ks
C N
600[- it
(— +|| ‘
400 R |
- ++_-Hf [
- +-H_r J
200| T
:;.mﬂ*¥+**¢&JJﬂr%£%ri%“iﬂwf‘*qug RPN S R
0:‘1_4'1 P N e s B e it R AT AT AR AN RO ANRNE
-1 08 06 04 -02 0 02 04 06 038 1
CM/ A
cos O~"(A)
LambdaAntilLambda_Inviass
B Entries 34420
Mean 2.466
2500 Std Dev 0.1898
B +H+
E GuLue
2000 if
j Preliminary
1500 1
LA
L | {
1000(— L I +‘
L
&
500(— T \ ,L
: : -l "WE“;J
01.1[1 lllxxllljulﬁﬁfalfj‘:‘—tr‘!—"J' sl o
2 22 24 26 28 3 32 34 36 38 4

Invariant mass of AA

Invariant Mass A A

Lambda_CosTheta_COM
[Entries 34420
Mean 0.7255
Std Dev/1| 0.3089

2500; GLE%

= Preliminary T
)

2000}

J
r J;J [
C F i
500 — & |
] 4
C A 1
0~ | Jﬁ»hwmfmﬂllifl»l'l '11 [
-1 —0 8 06 04 02 0 04 06 08 1
Cﬂl
cos O~"(A)
) ProtonAntiLambda_InvMass |
[ Entries 34420
[ Mean 2.678
1000'_ ‘% Std Dev  0.2913
’ i GuuEX~
800— | m J( 1]
- | |+ Preliminary
g
600 H Jf}
L I' h
400— 4] ih+
M.r ty
. I i ™4 1] +'¢|
L - J I
200_ q 1 ] - G
0_—J.H|||w||| IR BRI B lrl_ll—r'rﬂll | IR B
2 22 24 26 28 3 32 34 36 38 4

Invariant mass of pA

Invariant Mass pA

SP18 Data

Mixed MC

Single Regge MC
Double Regge MC

RecollProton_CosTheta COM

Entries 34420
5000 GLUE o Mean  -0.8365
StdDev  0.2024
Preliminary
4000
3000/
2000—
b
1000/~ 11
[
I R
i
O_I_I_]_l_l_l‘:_\g_-L;l:l‘"—T‘a:—f-éknLd_Lllllilelllllll

-1 08 06 -04 02 O 02 04 06 08 1

cos @M(p)

van Hove Angle
| vanHoveAngle

1400~ Enties 34420
Mean 2.435
1200_— t Std Dev 0.474
: e
1000{— | ,;P- LUE
|A I Preliminary
800 T A
C ﬁ }
600|— i |
- +\ F'
400 p‘{ ‘[
L r A !
[ “I_J iy Lrjl ‘1
200 A
s oM
i o U M
owﬁaw'ﬂf’ﬁ_Lx‘l llll}-JLr;;lA.lllllll,Al
1 2 3 4 5 6
o (rad)

van Hove Angle o (rad)

15



Fit method of the channel yp — ppp
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Speculation about the asymmetry of double Regge
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Conclusion

¢ Found a simple description with one single Regge and

one double Regge mechanism to fit to the A/_\p final
states data distributions

e The ppp reaction needs not one, but two double Regge
mechanisms

e Simple model based on meson/baryon exchange
mechanisms fits the data quite well
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Backup slides
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Fit Combined MC to data with TFractionFitter

6000 — op4g Data ChiSq: 405.40
ChiSq/NDF: 1.36
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e A better way to include correlations of variables into the fit is by 2-D
histograms

e We stick to 1-D since data sizes/MC sample sizes are limited

 The list of histograms could be expanded to include more variables such as
momentum, invariant mass, and Mandelstam t, for example.



