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1. Motivation for O©* Searches
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Anti-decuplet of baryons [1]. M, (K,)/GeV

e Effect of @ must be seen in K, p — K*n in GlueX detector at KLF (?).
e Using Hall D MC we show that GlueX detector is ideal tool for @* search (!).

[1] D. Diakonov, V. Petrov, and M. V. Polyakov, “Exotic anti-decuplet of baryons: Prediction from chiral solitons.”, Z. Phys. A 359, 305 (1997)
[2] M. Amaryan, “20 Years of Light Pentaquark Searches”, arXiv:2503.21545v2 [hep-ph] 29 Mar 2025. https://arxiv.org/html/2503.21545v2. 9



Predictions and Expectations

—— T 1.  We expect ~20,000 of K p—6"—K"n during 100 days beam.
10 4 | 2. Thebackground Kp - K*™n was simulated using model [18].

3. Number of events under purple curve for 8% (1 MeV wide)

1 is ~10000 at ~50% Reconstruction Efficiency [16].
3E+3 "
J 5 < 4. Reconstruction Efficiency to be determined below.

5. Expected background under ©% = 3,000/15000=~20 %

Counts / MeV
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[16] Moskov ]. Amaryan, Shu Hirama, Daisuke Jido, and Igor I. Strakovsky "Search for ©* in K, p — K*n reaction in KLF at JLab,” Mod.
Phys. Lett. A 39 (2024).

[18] Y. lizawa, D. Jido, and S. Huebsch, “K*N elastic scatterings for estimation of in-medium quark condensate with strange quarks,”
[arXiv:2308.09397 [hep-ph]].



2. Measuring Method

Kp—6">K™n
SC
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t=X/c+ (LX) / Bc-L/c +t, K*

e K -momentum (and W) - via time interval t between RF/16 and K*-signal in SC

extrapolated to Vertex using K"-momentum from GlueX tracker.



Measuring Method for K p - 87— K™n.

Time Of Flight and K, momentum resolution.

Toy MC. K p - 6*— K*nand background

Time t between K* signal in SC and RF/16:

Entries 665052

2000 réllt(?ja[r)]ev %8238)141 t= X/C + (L_X)/ﬁc - L/C +t0 y
1500 (L;r\;gff:)':lw 1‘749e+02 B— (1+C(t't )(L_X)-l)-l
1600 Integral 4.9016+05 - 0 ’

Skewness 0.444

backgroun

1400 Kurtosis -0.6228 where X - coordinate in KPT; L-in LH2 target.
1200 Prob 0.0004089
0 + . .
1000 21 0.432158 i%a&i Both X and L fluctuates ; plus smearing in SC,
800 pg 0.005245 + 0.000217
p -768.3 £ 36.2 1
- A X and across LH2 target . Therefore resulting
40 o (0.44 GeV/c)=5 MeV/c;
200 p/GeV/c P
7 S N S T R R a,(1.54 GeV) =2 MeV.

e Toobserve 8" we explore the K, momentum profile for K*n final state with a hope to see a

narrow ( ap=5 MeV/c) peak at p =0.44 GeV/c (W=1.54 GeV/c) on top of background (??).



3. Fluxes and Backgrounds

KL-beam is wide and contains neutron and

photon components. Backgrounds:

1.

2.

3.

From various K, +p — ... reactions.

From n- and y-beams on the LH2 target.

From the “bleed through” of 16 beam bunches.

dR/dP Rate of v, n, and K_at the face of HD target (Hz in a 0.5 GeV/c bin)

1e+07

CPS 12 GeV, 5 pA on 20% R.L. radiator photon beam + KPT — v, n, K_at HD target
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FLUKA (P. Degtyarenko)
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70 — —— PYTHIAall, 14150. Hz uncertainty -50%+0%
r —— PYTHIAK,_ from ¢ 3337A Hz
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N@H=1ta( 08" p; {I[sxt[s] xa(8M)[cm?] X p['H/cm?]}.
1. [=0.1Hz <= 6" width =1 MeV/c; dI/dp=0.1 Hz/MeV /c.
2. 0(6") =~12mb, Ref.]a].

3. p=17E+24 ['H/cm?].
Expected amount of pentas to be produced during 100 day run:

N(8)= 1.0 E-1[s1]x8.5 E+6[s]x12.0 E-27x1.7 E+24= 18,000 .

e Electron beam 12 GeV, 5 uA. Kaon Production Target X0=0.1, Be, 40 cm along beam.
e TheK, fluxatp = 0.44GeV/c = dN(K )/dt/MeV/c=~4 Hz/20 MeV/c =0.2 Hz/MeV/c.
e For 6" production we admit Flux(K ) at 0.44 GeV/c = 0.1 Hz/MeV/c ; (PYTHIA).

[a] M.J. Amaryan et.al, “Search for Theta+ in K, p -> K* n reaction in KLF at JLab”, Mod. Phys. Lett. A 39, 2450063 (2024).



https://wiki.jlab.org/klproject/images/d/db/Amaryan24.pdf

Cross sections of background reactions

(from M. Bashkanov)
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e Whatis O"-Reconstruction Efficiency GlueX detector under these backgrounds?

8



4. MC Generators and PID examples



@ Standard Generator

For K p — 67> K'n mixed with one of Background Reactions:

K +p—-K'+n

K +p— K"+ nleak
n+p—->m+ 2n

n+ p -» " +2nleak
K, +p—7 '+ A(1115)
K, +p— 7 "+ £(1192)
K+p-opt+tm7™+tK

N O s W

e Standard MC generates events following phase space ditribution. No cross sections.

e Arbitrary BG statistics allows prompt study of individual contribution.
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Cocktail MC Generator
For K p — 6"- K" n mixed with all background reactions.

M. Bashkanov, https://wiki.jlab.org/klproject/images/2 /29 /KLF_Jun25_Coctail.pdf

MC code Reaction Fract.tion
ki1 K p-nK" 0.433
k12 K,p- pK_ 0.024
kI3 K p- =K* 0.001
ki4 K p- An* 0.043
KI5 Kp-zn 0.021
ki6 K p- 2'rt 0.021
k19 K.p- pK, 0.457

e C(Cocktail MC utilizes differential and total cross sections of listed+ reactions.
e (ontrols the statistics via “beam time”. In progress.
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PID samples. K* Identification via dE/dx.vs.p in CDC & SC

ho11 h025
~. s 13820 L Enes 63163
(@] 1'8: m::i gtiggz o Mean -0.77
[P ol 10 SdDev 06436
(@] E Integral 1.1270:04 F Underflow 12
= fom : owtor
e o Kurtosis x 3.108 ) Integral  6.307e+04
~ 1.2 - 1 3'53‘ 102 Skewness 1.29
[ o Ti268 | 2457 F Kurtosis 1.135
1= 0 0 o T
< ;
0.8 r
F 10
0.6 E
0.4 C
0.2 1
o : E [y
Blaalime b e el drsath stvhs v bours) , Sldas
001 02 03 04 05 06 07 0/Co9 1 = ' 2
dE/dx(ST)+dE/dx(CDC)
hh001 hho1
350 Entries 13926 160 Entries 2836
E Mean ~0.2267 E Mean  -0.1846
300 Std Dev 0.5221 140F StdDev  0.4263
r Underflow 292 r Underflow 34
250 r Overflow 112 120 = Overflow 6
o Integral  1.352e+04 - Integral 2796
F Skewness 0.263 100 :— Skewness -0.4507
200 E Kurtosis 1.953 E Kurtosis _ 2.816
£ 80—
150 = r
E 60—
100F- o: p
F a.u. &3 a.u.
ot A I Bl ol ol Pt a o - . L S
-2 -15 -1 -0.5 0 0.5 1 15 2 -2 -15 -1 -05 0 05 1 15 2
From dE/dx(CDC).vs.p From dE/dx(ST).vs.8 1




PID sample. Neutron IdentificationinK p - 8%— K'n

mixed with K p—K'n

= EET h001
i‘.’:&w Sor L = Entries 1496
90 ey o Z Mean 0.9333
el b 60 StdDev  0.03973
o o eas E + Underflow 1
pf a?;?azu:c‘; 50 Overflow 0
10 No cuts e wormgs st - PID(K ) Integral 1495
60 ol ol Skewness 8574
o e % 5 cut Kurtosis  100.8
50 B FS :
30
40 =
30 ' 20F
20 Ly B
l ! 10
10 MM(K+) z
i M [ L ARARARESS R IR R | WW i,,!"*,—,, 8-2 --0l4--~----olé- 1 0I8l . 1... A .112.MM K+ A
82 0.4 06 0.8 1 1.2 1.4 1.6 : : - : : ( )

e “Neutron” peak in MM(K™) spectrum: 6=~10 MeV, mean=0.933.
e Neutron selection cut: abs[MM(K*)-mean] < 0.025 GeV.
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Example. Effect of the PID(K™) cuts.
K, p—67—>K"n mixed with K p—K"n or np—»>n*2n

_.|_
K, p—K™n np—m*2n
csi csi

L Entries 967981 - Entries 601807
3 Mean 2.425 B Mean 1.391
107 Std Dev 0.488 103 StdDev 05198

a N E
L o® Underflow 0 = Underflow 0
i ,,Qf\ A Overflow 6.042e+05 N Overflow 1.036e+04
o e8GR Integral  3.638e+05 L Integral  5.914e405
102 & Shidyhest),, —0.9713 102 Skewness 0.821
o Kurtosis 1.065 E Kurtosis  0.1496

10F 10

o IM W\I} F EBCAL*MM(K*)*PID(K*)
1 1
l\n‘ IHN gl 1ty
E (K )/Gev/c 03 '
p p (K, ) / GeV/ ¢
1. EBCAL  cut: Energy in BCAL >0.1 GeV (trigger).
2. MM(K") cut:m +25MeV (neutron, slide 13).

3. PID(K*) cut: dE/dx(CDC).vs.p & From dE/dx(ST).vs.8 ( PID, slide 12). 14



&

5. Critical parameter: TRIGGER !

e Effect of BCAL trigger: Energy Deposition >0.1 GeV.

e Yield of pentas and TOF resolution.

15



Unexpected problem. K p — 6%— K'n. Trigger: Signal in BCAL >0.1 GeV

But K timing is spoiled by u™ delay when BCAL timing is used.
Respectively the yieldis ~5% and K -beam ¢=15MeV/c is poor.

Kin. Energy Tvs E , Energy in BCAL Beam Mom Profile CUT:*BEAM
0.15¢ = h003
= % - C Entries 865
0.14 = O L Mean 0.4512
o13f £ Wk 0=15 Mevic e, Ue
C % = Overfl 38
0.12 - ‘ = In‘t,:gr;rglw 827
= B Skewness 4.982
0.11 ¥ 102k Kurtosis 23.86
0.1E v 3 Prob 1.278e-05
E 2 C po 33.99+2.19
0.09E | . =15 MeV/c pi 0.4293 + 0.0008
= p2 -0.01337 % 0.00090
0.08F u -__'_; 10 p3 1.507 + 0.541
S : p4 0.4639 + 1.4142
0.07F ‘ -833.1+ 1.4
E = '-""- G ‘
0.06 él 111 l-l.l L L1 .-I'..:'- |-|-Fl 115 rTE?%(ﬁelY| | 1 N Y/ e ”||||
LS 005 oft 015 02 025 03 035 0.4 0.2 0.4 0. 6
e K*from 0% decay get stuck in BCAL , then decay K*—»u*v witht=12ns.
- e Muon deposits 150 MeV to that of K™ and triggers BCAL.
[ J
[ J

16



Solution for K, p — 6%— K'n. Signals in BCAL >0.1 GeV @

I\LEW:Time window 64 ns & SC timing OLD:Time window 2 ns & BCAL timing.

H .: I l.l...u -.. ..:

0.35

0.3

0.25

Epca/GeV
E;c, /GeV

0.2

0.15

0.1

0.05

IlIIIIIIIlIIIlIIIIIIIIIIIIIIIIIIIIIIIII

e Obviously significantly higher yield of triggering muons and 6 respectively.

e Timing resolution is also recovered (nextslide). .



6. Background estimates

with standard MC generator

18



(1) Recovered K p »0"—K"n (5K) mixed with K p—K"n (2M)
Yield of 8% vs Beam Momentum. Time window 64 ns. SC timing.

ho03
= — Entries 3653 [
B K + N K+ + n ' Cuts Entries hp 655860 B thaSev gggig
L TP N ’ porr osar2 102 0t K +n Underflow 0
) | K +p—>K"+n & cuts. |unero o 3 Oonow bl
102 | o oiran == == : Y=-20%S5K |fwm,
- Skewness ~0.3666 - Kurtosis 7.301
- Keros oz W - Prob 0.06682
877e- E 0 405458
- L] 22 5:’2’52':5:; §1 0.43312 +0.0002
L ! e p2 0.005149 + 0.000132
10 p3 0.9227 +0.3218
10 :
: Zb= 9000 ev E
mm 1E i
1 m I LIl E \I\I\III\IIIHIIIIHI
0.2 0.4 0.6 0.8 1 1.2 0.2 0.4

e After PID cuts 0" peak 0 =5MeV/c; Amplitude = 140 ev/ch; Yield of 07 = 20%.
e Background under 67, n,=3.5 ev/ch, translates to n (Z,/ Z, ) in blue profile, if shapes are similar.

e Nextslide estimates background under 8" in blue profile with PID cuts.

19



Background estimation procedure

N, (D=Jteo,; N, (t)=Ite g ,; t- collection time, g -nuclei density. Yield_per_1_6=N, (t)/N,(O)=(/D (o,/ 7,) ;
1. Pentaquark production @ ,= 12 mb;
2. Background total o= 20 mb;
3. Fluxof K on LHZ: J= 7.E+3 s1; NbSimz 2000000; Xz, =9000.
4.  FluxofK at0.44 GeV/c: I= 1.E-1 s?; N;im: 5000.; X,= 90.
5. Read Background under the 8" peak with no cuts n, = 3.5 [ev/ch] .
6. RESCALED background under the 8" peak after all PID cuts yields:

n® =n,(Z,/Z) (/D) (6,/0,) (NS /N*™) =10 [ev/ch] ;

For beam Leak, since only 1 bunch create background ander a narrow peak

n®,=n,(Z,/Z,)(1%) (/1) (0,/0) (NS™/N5™);

e To be compared to 140 [ev/ch] in 6 maximum and tabulated below.

20



(1) K% signal in BCAL>0.1 GeV; 5K of 8" mixed with 2M non-resonant K™n
Time window 64 ns. SC timing. Beam leak

#1: ChargedHypo_ Energy_BCAL >0.1 #2: ChargedHypo_ Energy_BCAL >0.1
- Entnas 1042 h007
| «-— | o - Entries 1042
Urcorlow [l 1 00 - Mean 1.538
10°E i X, =66600ev |- - Std Dev 0002071
: | ) s e i Underflow 0
: ! P:eb“ 03;9 80 - Overflow 62
I~ :‘ 043;?2;:{13 B Integral 937
5 ” . - Skewness 0.2844
10°g N 5 B Kurtosis 0.7157
E 5 60— Prob 0.7132
- _ 5 93.53 + 3.94
i S=~900 B 1538 + 0.000
~~ 18.0% 40 0.001858 + 0.000050
105— - 1.124 + 0.233
: . )X 0 =32 s
e i
L ‘H PCK,)/GeV/c :
ELNEEL L e e 5 w P PP PPVL PR -
0.2 0.4 0.6 0.8 1 12 1532 1534 1536 1538 154 1542 1544 1546 1.548

e Theyield of @¥=18.0% ; max 150 ev; £,=32 ev,; X =66600 ev.
e RESCALED background under 67 in blue profile with all cuts an(0.44)= 1.5 [ev/ch]
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(2) Example. K. p » 607> K"n mixed with 2M of np - 7"'nn

h002 h003
2200 Entries 665052 - Entries 983
SGGPE - n+p-nt+2n Mean 0.8304 - n+p-nt+2n Mean 0.44
o Std Dev 0.2011 3 Std Dev 0.04831
1800 :_ 0+ _)K++n Underflow 0 W § 9+ _)K++n Underflow 0
= Overflow 1.749e+05 C With Overflow 2
1600 Integral 4.901e+05 : Integral 981
1400 = Skewness 0.444 cuts. Skewness 8.874
= Kurtosis -0.6228 102 Kurtosis 95.61
1200 P(;ob 0.0004089 o PBOb - 3.12563
= p 188.6 + 8.2 - p 745
1000 p1 0.4325 + 0.0002 i p1 0.4331+ 0.0002
800 :_ p2 0.005245 + 0.000217 p2 0.005236 + 0.000143
3 p3 ~768.3 + 36.2 10 p3 -5.374 £ 7.176
600 p4 1941+ 82.1 = p4 14 + 161
- 1] B
400F- N
200 1 r k
0 E . 1 i I T T i T i Al 1 [l_ﬂ_[m | ‘ l 1 | ” I o t :
0.2 0.4 0.6 0.8 1 K 12 0.2 0.4 0.8 K
p(K) p( )

e Right: Ratio of Histogram’s Integrals X,/ X (0.5:1.3)= 30 ev /480000 ev.
e RESCALED background under the 8*-peak: n" =7.2 ev/ch.

22



400
350
300
250
200
150
100

50

(2) Example.K ' p - 87> K" n
Beam

mixed with 0.2M of np > nn

Leak!

h002

lllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Entries
Mean

Std Dev
Underflow
Overflow
Integral
Skewness
Kurtosis

Leak
np—nt2n
0t —>K*n

40049

0.5063

0.2183

0

2590
3.746e+04
1.505

1.798
7.913e-24

223 £10.0
0.4319 £ 0.0003
0.008281+ 0.000520
130.3+24

p(K)

o
o

04 06 08 1

1.2

h003
E Entries 973
B Mean 0.4341
B Std Dev 0.03301
B Underflow 0
ol Overflow 0
10 o Integral 973
= Skewness 17.34
B Kurtosis 363.8
Prob 0.08552
i po 1408 £ 5.7
10 pi 0.4332 % 0.0002
= p2 0.005135 + 0.000131
5 p3 0.9454 + 0.3165
+ +
= P11 P | | HEEPE U PR |
0.2 04 0.6 0.8 1 1.2

Right: Ratio of Histogram'’s Integrals X, /X (0.5:1.3)= 11 ev /3.5E+4 ev.
RESCALED background under the 8*-peak: n® =4 ev/ch.
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(3) Example.K p » 87> K'n mixed with K p-> "/

h002 h003
240 3 Entries 590934 C s B
220 oy Mean 0.8496 - Std Dev 0.03168
200E- K p-ontA Std Dev 0.3483 } K +p-nt+a Underion 0
= Underflow 0 102 0" K+ i s
180F Overflow 5.843¢+05 = —K"+n i a
- Integral 6641 C With Kurtosis 3628
160 E Skewness -0.2619 B :O'“ m“j’is::
140 :— Kurtosis -1.643 B ‘[ cuts. ot 04332 £ 0.0002
- Prob 0.0001108 | P2 0.005153 +0.000134
120 p0 204.5 + 7.1 10 E_ | p3 -3.132 £ 5.804
100~ pt 0.4328 + 0.0002 = . ot 2017+ 12804
= p2 0.006267 + 0.000172 C ‘
80 = p3 78.8+79 L
60E- p4 -160.3 + 16.5 I
= 1k a1
40 3 | :
20F- - p(K)
0 E ; i gy i 1] I R b
; 0.2 0.4 0.6 0.8 1 1.2

e Right: Ratio of Histogram’s Integrals ¥, /% (0.5:1.3)=5ev /3,840 ev.
e RESCALED background under the §*-peak: n® =0.02 ev/ch.
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Summary table for Standard Generator

Bleed #evets Cross Beam Background Events per Effective
Reaction Comment through gener. section | intensity Scaling Chanel at bgrd

current Factor p=0.44 GeV/c statistics
K +p—->0">K'+n | main 5,000 12 mb 7 kHz n/a 140
KL+p—>K++n 2.0 M 20 mb 7 kHz 250 10 + 10% 90 ev
K, +p— K*+n Leak 1%1, 1.4 M 30 mb 7 kHz 4.3 1.6 + 16% 37 ev
n+p-nt+2n 2M 3 mb 20 kHz 2,000 7.2+ 18% 30ev
n+p-nt+2n Leak 1%, 200,000 3 mb 20 kHz 10 41 50% 4 ev
K +p—-m T+ Ais 2.0M 1.2 mb 7 kHz 18 0.02 +£ 50% S5ev
K+p-m T+ 2 2.0M 1.2 mb 7 kHz 18 0.01+ 50% 4 ev
K +p—-p+m T+K 2.0M 1.2 mb 7 kHz 18 0.1+ 50% 2ev
All backgrounds S=23 (16%)
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7. Advanced Cocktail generator

(M. Bashkanov)
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Cocktail Generator for background reactions with

positive particles in final state
M. Bashkanov, https://wiki.jlab.org/Kklproject/images/2/29/KLF_Jun25_Coctail.pdf

MC code Reaction Fract.
ki1 K p—nK* 0.433

ki2 K p- pK, 0.024

ki3 K p- 20Kt 0.001

kl4 K p— Ar* 0.043

kl5 Kp-3itn’ 0.021

kl6 Kp-3'nt 0.021

k19 Kp-pK, 0.457

All 1.000

e C(Cocktail MC utilizes differential and total cross sections of listed+ reactions.
e Drives the statistics via “beam time”. In progress.

27



(4) K p— 6" - K'n mixed with Seven background K, p reactions
after 40 hrs beam

root tree_kpmissn__B0O_F0_5Kpent+14Mcock.root KPNTRYVBT.C

Black :beam profile E(BCAL)>0.1 GeV. Pentaquark peak after 40 hrs. EBCAL>0.1 GeV.
Blue: E(BCAL) >0.1 & PID(K*) & MM(K*)=~939 MeV 5 E |
s E S 16F ass = (84 GeV
© C & C Yield = 56 events
3 - — 14 Max/Bgrd = 0.14
i g 1o
g 102 = “f
A b
10 3 6:—
| ) B e
| Bbebd Flaberd o
1=— K GeV C :I : III L ASL N - .0 .| -”. 1I 4 0 * 4
= 'p'('L)/'"'/' 9.5 1.51 152 1I53 1:54 155 156 157 158 159 16
0.2 0.4 0.6 0.8 1 1.2 W/GeV
e Number of “generated” N(K p—6*—K'n) = 333 (20,000 8* per 2400 hrs).
e Number of “detected” decays N(OT—K*n) = 56 (Yield =17 % of generated).
e The background under the peak maximum = 14 %.
e Resolution ....c.ccccccviiiiiciiin i o, = 5MeV/c (0,,=2 MeV).
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4) K p — 0" - K'n mixed with “1% beam leak ” of Seven K, p reactions
L L
after 40 hrs beam

root tree_kpmissn__BO_FO0_coctail 0d01_5K5q+14MKL1_bleed_16.root KPNTRYVBT.C

Black:beam profile E(BCAL)>0.1 GeV. Pentaquark peak after 40 hrs. EBCAL>0.1 GeV.
Blue: E(BCAL) >0.1 & PID(K+) & MM (K+)=~939 MeV _ o 1
5 F > 4_ ass = 154 GeV
3 0k A Mot ors
- S 12F —
g 10°F e [
S F g °F
- 6:—
10 C
; " 13 I
1 || “ | P(K )/Gleyl/c . i;l u+4m['--¢u}h [ “ H‘+ re=y l“m l!I\I/\I/“/(I;el}l
0.2 0.4 ' 05 151 152 153 154 155 156 157 158 150 16
e After 40 hrs the total number of generated N(K p —» 8" - K™n) = 333.
e Number of “detected” N (6" - K"n) =50 (~15 % of generated 67).
e The “beam leak” background under the peak maximum is of 13 %.
e The resulting total background under 0% peak maximum = ~13% + ~14% = ~27 %.
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8. Effect of Preshower Trigger
and
Reduced Magnetic Field
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Effect of Preshower Trigger E;., , . >0.01GeV.

Seven background reactions. Beam time 40 hrs

EBCALPresh>0.01, # K p—~8*—>K"n= 92 vs 56

£ 251 |
o - Pentaquark parameters
> B Mass =1.54 GeV
(O] : Yield = 92 events
= 20k p Max/Bgrd = 0.12
8 i
S 0
ol B
8 g
= L
: -
o
&) E
10
5 e
0

146148 15 152154156158 1.6 1.62 1.64

e Preshower Trigger E >(0.01 about doubles the yield of pentas.

BCALPresh

e Whether Preshower Trigger E >0.01 is practical ?

BCALPresh
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Sixteen K p—... reactions in new Cocktail-2 Generator 2025

(by M. Bashkanov)
Pentaquark peak after 80 hrs. EBCAL>0.1
1. kI Klong p --> K+ n h119
2. kl2 Klong p --> Ks p c 30F Entries 37917
3. K3 Klong p--> Kt Xi = Mass ~rsicou i
4. K4  Klong p —> pi+ Lambda S asf- Yoot amne o
5. kI5 Klong p --> pi0 Sigma+ 8 [ Integral e;o.’s
6. klI6 Klong p --> pi+ Sigma S o0k Skewness 0.6349
7. KkI7  Klong p --> K+ pi- p a I Kol 1582
8. kI8 Klong p --> K- pi+ p g 15k po 21.34+225
9. kI9 Klong p > Kl p . S g; 00‘01539:0‘:)823
10. kI10 Klong p -->K-Delta++ --> K- pi+ p B p3 2,264 £2.148
11.  kIM1  Klong p -->K0-bar Delta+ --> KO-bar piO p 10;_ P4 -?;g:i;;jg
12.  kl12  Klong p -->K0-bar Delta+ --> K0-bar pi+ n X T
13. kI13 Klong p -->K0 Delta+ --> KO pi0 p SE
14. kl14 Klong p -->K0 Delta+ --> KO pi+ n ) B 9 ® I Ao
15. k15 Klong p -->K+ Delta0 --> K+ pi0 n oY eV s i e 150 16 162 164
16. kI16  Klong p -->K+ Delta0O --> K+ pi- p W/GeV
e Analysis in progress; no critical changes in backgrounds.
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K p— 6"—>K"n only. W resolution vs Solenoid Magnetic Field

h119 hi19
Entries 178453 Entries 250562
35000 :— Pentaquark parameters 1.538 5>0000 = Pentaquark parameters 1.530
> F Mass = 1.54 GeV cczes s I Mass = 1.54 GeV 000262
% - 1 Yield = 174247 events 0 O B < Yield = 243391 events °
000f~ Bgrd/Max = 0.00 . 000 Bgrd/Max = 0.00 o
8 : Integral 1.785e4+05 O ~ Integral 2.506e+05
%‘5000 C 1350 A P Skewness ~1.823 ? : 700 A Skewness -2.225
a T 0=196 MeV ) Kurtosis 34.19 8_ L. 0=1.97 MeV ‘< Kurtosis 3220
ﬁ)ooo__ Y=20% Prop ) 0 %9000_— Y=24% Prob ) 0
L o0 35540404 + 1.0302402 S n 00 4.9462404 + 12120402
8 : p! 1.539 +0.000 8 -~ P! 1.539 +0.000
= 0. E 0.001968 + 0.
fs000F E e z0000f S o
: 4 4 o4 -6.269e+04 + 2.805e+00 - r P4 -1.367e+05 +2.814e+00
10000 _— ps 1.985e+04 + 1.756e+00 : ps 4.32%9e+04 1 1.762e+00
- 10000~
5000 4 N by
- 4 | b
C L 4
0 146 148 15 152 1.54 156 1.58 1.6 1.62 1.64 0 1.46 1.48 15 152 1.54 1.56 1.58 1.6 1.62 1.64
W/GeV W/GeV

e K" momentum resolution drops to 5.5 MeV (700 A) from 3.4 MeV (1350 A).
e W-resolution (2 MeV) does not vary with Solenoid Current due to TOF method.
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K p— 6"—>K"n only. CMS Polar Angle Distribution of K" from 8" decay
vs Solenoid Magnetic Field

K+ polar angle in CMS. w(5q) . 80 hrs. EBCAL>0.1 GeV.
[ 3

VBTh-cmpolan-tree_5q_0700A.root / VBTh-cmpoIar‘-‘tree_qu 350A.root

cmpolan hrafio
§ : _ 700 A 5 E Ratio
C o S E
oo 900 A - Extra pentas N(700 4)/
3 1100 A - N(1350 A)
E 1300 A 102 at 700 A
- 1350A
102 D -
E 10 =
10 E
i 7 1E
1 5
E;.]:' A B s I il Al o e el s s v S S R il f e i s s s 1l 15 ¢4
0 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
CMS_Polar_Angle/deg CMS_Polar_Angle/deg
e Atlow B(700 A) we gain ~30% to O "yield which concentrates within (20°,60°) CMS.
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2.
3.
4.
5.
6.

Conclusion

These simulations show that about 20% of produced 8 may be reconstructed

as a narrow peak in the beam profile at 0.44 GeV/c with sigma of 5 MeV/c.

The expected statistics of 0 under peak is 3000 - 4000 events after 100 beam days.
The 0" peak sigma in W profile will be of 2 MeV.
Overal Background under 8" peak maximum expected to be of 20 %.
Preshower Trigger adds 30% of penta’s statistics.
Twice lower magnetic field adds 30% of penta’s statistics,
which concentrates at CMS decay angles < 50°.

GlueX detector is ideal for 6" observation.
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Backup slides

36



cmpolan
g 35F Entries 1290
= E Mean 80.42
) E StdDev  29.12
5 30 :_ [ Underflow 0
8 - Overflow 0
25— Integral 1290
r F D C Skewness 0.1007
20 » { { Kurtosis  0.4622
15 *
10 + + +H +
5k + + Jm\
00 20 40 60 80 100 120 140 160 180

CMS_Polar_Angle/deg

Polar Angle of K+ from 5q decay in CMS.

REQUIREMENT “dE/dx in FDC >0 || EBCAL>0.1 G”

About 1,300 events out of 5,000 pentaquarks.

Counts/2deg

0" decay and angular acceptance of Gluex Detector

cmpolan
45 Entries 1628
Mean 81.61
40 Std Dev 2752
Underflow 0
35 Overflow 0
Integral 1628
30 2
Skewness 0.05457

|
3 Th

0 PRRVEN BTSN TR N R

P IR |
0 20 40 60 80 100 120 140 160 180
CMS_Polar_Angle/deg

Same as in 1, but REQURES "EBCAL>0.05 GeV"
About 1,600 events

e Trigger dE/dxFDC>0. GeV recovers the domain (10,45) deg in CMS.

e Trigger EBCAL> 0.05 does not affect angular acceptance but adds 20% to the yield.
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BCAL Trigger. Pentaquarks vs background from sixteen reactions

Pentaquark peak after 80 hrs. EBCAL>0.1 PID3VBTcuts:ACEBCALABETAMOMSBEAMAKAMOMEANEUCUTADESTARTADEDECUT
h119 h127
- 30F Entries 37917 = Entries 113
0 B Pentaquark parameters 1.572 C Mean 0.03536
= B Mass =1.54 GeV p4321 18F Std Dev 0.1679
G ol Yield = 101 events 0 . Underflow 0
= F . Bgrd/Max - 0.04 6404 161 Overiow 0
S [ Integral 203 14 - Integral 112
E 20 - Skewness 0.6349 N Skewness -0.7114
A Kurtosis -1.362 19k Kurtosis 6.305
§2} L Prob 1 B Prob 0.9569
= 15-_ po 21.34£225 10F po 12524218
8 B pt 1.539 = 0.000 E pi ~0.006834 + 0.017359
" - p2 0.0019 = 0.0007 sk p2 0.1003 + 0.0199
= p3 -2.264 £ 2.148 C p3 1.845 + 1.405
10[- ! p4d -0.703 = 1.466 6F p4 3.156 + 2.657
i p5 1.788 £ 0.843 - p5 -10.03 + 10.00
5 4 —
5 p . I .
K uly llml 2 [
[ gy b T _MIIH -+
0 f.'-m'-" I'Ilill'llﬂ J 0 L | IR AN BT 1 e 1 gl
-0.8

-06 -04 -02 0 02 04 06 08

1.46 148 15 152 154 1.56 1.58 1.6 1.62 1.64
W/GeV PID3

® (Gaussian areayields 101 pentas after 80 hrs of beam time.
® Bgrd/Max =4%. 38



Preshower Trigger. Pentaquarks vs background from sixteen reactions

Pentaquark peak after 80 hrs. EBCALPresh>0.04 GeV PID3VBTcuts:ACEBCALABETAMOMSBEAMAKAMOMEANEUCUTADESTART&DEDECUT
h119 h127
c F Entries 9551 - - Entries 113
& 30 [ Pentaquark parameters 1.565 < g Mean 0.03536
>t Mass = 1.54 GeV D404 3 18 Std Dev 0.1679
15 C Yield = 103 events 0 © F Underflow 0
= 25 Bgrd/Max = 0.04 9371 16 Overtlow 0
o - Integral 180 :_ Integral 112
< C Skewness 1.044 14 - Skewness ~0.7114
2 201 Kurtosis -0.6606 1o Kurtosis 6.305
@« - Prob 1 E Prob 0.9569
5 B po 21.75+2.29 10F po 1252 +2.18
8 151 pt 1.538  0.000 5 p1 ~0.006834 + 0.017359
- p2 0.0019 £ 0.0001 8 o p2 0.1003 + 0.0199
B p3 -0.3767 = 2.3394 C p3 1.845 + 1.405
10~ pd ~0.7279 + 15825 6F 3.156 + 2.657
- p5 1.022 £ 0.913 ~10.03 + 10.00
I 4=
SE g
[ 2F
0 [ I Ll I L ITI?I—I%‘ 1 0 T+ l Ll l Ll I 1 I 1 Ll I 11
1 46 148 15 152 1 54 156 1.58 1.6 1.62 1.64 -08 -06 -04 -02 0 02 04 06 038
W/GeV PID3

e (aussian areayields 103 pentas after 80 hrs of beam time. Similar to BCAL Trigger.
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K* signals in BCAL>0.1 GeV; 5K of 8" mixed with leak of 0.2 M np—-m*nn.
Time window 64 ns. SC timing

#1: ChargedHypo_ Energy_BCAL >0.1 #2: ChargedHypo_ Energy_BCAL >=0
10°E - el e 120 Entries 2532
E Std Dev 0.04096 = Mean 0.9409
s S=25500 eV | ueton 0 g Std Dev 005841
i Goeen " o]  Neutrons Undartow i
i Skewness 13.34 i S=2500 Overflow 9
102k Kurtosis 199 [ Integral 2522
F ;r)ob 153f67§6 80F m=938 \ Skewness 3.033
461 A
. 1 0.433120.0002 [ o=7 MeV L Kiosts 40.95
B 22 0.004683 :10.000125 L E(;Ob 10(1-%058;:
- 3 % 0. — Ao Rt X
S=~900 i Wl o pi 0.9376 + 0.0002
10 E_ / 1 80/0 p5 0.1467 = 0.2413 C p2 0.007347 + 0.000175
- 40 p3 -0.3872 + 1.8501
C S=8 ev C p4 2.327 + 1.976
I « 20F
LTI, | | PCK)/GeV/g L i MM(K")/GeV
. S —t L S At L T TR Wk Y R et W) I U Y4841
0.2 0.4 0.6 0.8 1 12 0202 "0 o8 1 12 14 16

e The yield of 8" =18.0%; max 150 ev; In_bg(0.47:1.3)= 8 ev,; In_bg(0.47:1.3)=25,500 ev.
e Rescaled n, (0.44)= ~300ev/ch*(8ev/25500ev)=~0.1 [ev/ch]; n, tobe used below.
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