Simulation and Reconstruction of K +p—>K+p and K +p—>K"+n
using GlueX tracker and KLF software.

Vitaly Baturin, DU, 08/29/2024

Outlook

1. Simulated Detector performance: examples dE/dx vs momentum etc.
2. Reconstruction of K, +p and K*+n final states

K, +p—-K + p atlow /high beam momenta

K, +p—>K'+ n atlow/high beam momenta
3. Background from other halls.

4. Conclusion



[dentification of final particles. K, +p—» K+p and K +p—K"+n

Hadronic decays, lifetimes, and detector dimensions.

K-om*n 69.2% ct = 2.9 cm => decays mostly inside LH2 target and close to it.
- 070 30.7 %

Kf->nm*ntn~ 5.6 % ct =371.2 cm =>K* almost “stable” within the LH2 Target and CDC.
>ata® 207 %

e K +p reconstruction: viam*n~tracks; EM(m*n") for K and MM(m*n") for proton.
e K*+n reconstruction: via K*-track and MM(K™) for neutron.

e Using dE/dx in CDC.



CDC dE/dx

Example. dE/dx in CDC of Gluex Detector .vs. particle momentum for

K +p—> K+ p

track_CDCddEdx([ti_1[0]]:track_Momentum([ti_1[0]]
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Rec. Track momentum, GeV/c

and

CDC dE/dx

K +p—K"+n

track_CDCddEdx[0]:track_Momentum][0]
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Rec. Track momentum, GeV/c

e Good separation of pions below ~1.4 GeV/c and ~0.7 GeV/c for K*.



Example. Generated .vs. Reconstructed momenta in K +p— K (7*7n)+ p.
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e Good reconstruction at all generated momenta.



Example. Reconstruction of ¥n~ vertex for K +p—= K (7 )+ p.
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e LH2 target sized in cm as rXz = 3 cm X40 cm.
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e LH2 target is well reproduced by the m ™ = vertex coordinates.

e Diffuse area around r=3 cm is of 1 cm (=>sigma ~0.25 cm).

e Longexponential r-tail is due to K_lifetime (ct=2.9 cm)



Example. Reconstruction of *m~ vertex in K +p— K (7 "7 )+ p.
MM(rt*n") and EM(t*n”) inside LH2 target.
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e EM(mr 1) resolution is obviously better inside the LH2 target while the
background is significantly lower. 6



Example. Angular distribution of 7, 7, and p. K, +p— K (7"7")+p.
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Reconstruction of K +p—K (7 *n )+ pat K momentum (0.3,0.6) GeV/c.

Effect of m*m™ vertex.

beam_pz {num_tracks>=18&&0.3<beam_pz&&beam_pz<0.6}
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Effect of vertex on Ks(n+1t') reconstruction inK +p - K (7°7") +p
at K, momentum (0.3,0.6) GeV/c.

Inside LH2 target r<3 cm, DOCA<0.45 cm

h9333

= - s

= 800__ Mean 5009

= C td Dev 0765

350— E 82

= 700 5
300 E

- #Ks =2,500 600 #K s =6,000 s

= — a7 05017 2 0.0014

= =10 MeV soof- =10 MeV . e
200" 400
1501 3005_
1001 200
“E EM(nt ) / GeV 100
:I Bl | 11 b1 | | | dhod l*’ Azl | 3 T 1 :I
8.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 8.2

e With vertex cuts (left) Rec. Eff. ~25% (=2500/11000), while the sensitivity (=peak/pedestal)= ~100.
e No cuts (right) ~50% (=6000/11000) ; the sensitivity ~10 times lower .



Effect of m'm” vertex on proton reconstructionin K +p =K (7w "7 )+ p
at beam momentum (0.3,0.6) GeV/c.

Ks-mass cut, vertex r<3 cm, DOCA<0.45 cm. Ks-mass cutvia EM(77r7). No vertex cuts.
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e Inside LH2 reconstruction efficiency of proton drops from ~44% to ~22%.
e Little change of the background, but better MM resolution. 10



Effectof mt (K) vertex reconstruction K +p - K (7 T)+p

at hig K beam momenta (0.55,4.55) GeV/c.
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Reconstruction of K_and p in K +p—K +p atK, momentum (0.55,4.55) GeV/c.
Vertex cuts.

h9333 h9444
C Entries 55531 = Entries 33473
3000 #K =27K /196K *OE #proton =4.2K /196K | s
: S g0 28431212 [ o 3d4.4 +14.4
- =14% 0=10 MeV = amiores oot 700 =2% 0=25 MeV R omersoonis
2500__ . p3 2716407 £ 1.410400 [ . p3 2316+ 126
= With vertex cut. o o c With vertex cut. M fater L
B o6 20962 11.2 600__ p6 1214 £48
C o7 0.5126 + 0.0008 - p? 1.078 4 0.005
2000 g e so0F- -
1500 400
- 300—
1000[— F i
- 200/— |
500/~ .\ o  MM(mt* ) / GeV, ¢
- EM(m" 1) / GeV = L s it
Covvo bl ol bt AT I, Lot vyt o 0 Csdsaa TIPS N RTHT N
82 025 03 035 04 045 05 055 06 065 07 0 0.2 0.4 0.6 0.8 1 1.2 1.4

e Inwide domain of beam momentum Reconstruction Efficiencies are ~14% for KS and ~2% for

protons.
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Reconstruction of K _and p inK +p—K +p atK momentum (0.35,4.55)
GeV/c. Effective and Missing mass of 7 * 7~ pairs vs beam momentum.

LH2 cuts applied | K mass and LHZ cuts applied
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Reconstruction of proton inK +p—-K (7 T )+ p at generated K, energy (0.1,0.3) GeV
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Reconstruction of K™4n state in

K+p—>K"+n atK momentum (0.35,0.55) GeV/c.

Hadronic decay
Kt ntntn 5.6 % ct =371.2 cm ( “stable”) ——

ST 20.7 %
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Reconstruction of neutron inK +p—-K T+ n with vertex cuts.

K, momentum (0.35,0.55) GeV/c K, momentum (0.55,4.55) GeV/c
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e Reconstruction efficiency of neutrons ~50%.
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Backgrounds to K +p »K*+n

0 .
(1) K, +p-om™+2°(1192) or A(1115);
(2) n+p->K+X"+n;

pKaon > 0

> 2.6 GeV/c => low n-flux.

pneutron

(3) Beam leak from other halls and reconstruction of K, +p —K*+n
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Background reaction K +p — w *+2°(1192)
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e Well separated from proton and neutron MM peaks at low beam momenta.



K, +p —>Kt+EY at 0.35<p,<0.55 GeV/c . Missing Mass of K* and beam
leak from other halls (left) vs normal Hall D beam (right)
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e No structures in Missing Mass of K* !
e Atp, _ =0.45GeV/cthe “leak” /“beam” ratio = ~100/10=~10; we expect ~2 (factor 5).
e The ratio of neutron_peak to leak of "£%” =~300/75=~4; we expect ~5*4=20, i.e. ~5% background.



K, +p —»K*+E° Background oscillation caused by beam leak.
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e The background part shows oscillations (10% amplitude) due to beam leak.



What to do with beam leak background?

FLUKA shows that minum energy of K | at LH2 target T=0.1 GeV,

=> K, momentum p = 0.33 GeV/c

=> B, =p,/ (T+m,) = 0.33/0.597=0.554

TOF, =2400[cm]/(30[cm/ns]*0.554)=144 ns

TOFV =2400[cm]/(30[cm/ns]*1.000)= 80 ns

The difference TOF - TOF, = 64 ns , therefore

allbeam K ‘s with p>0.33 GeV/c do fit into (0,64) ns interval!
Provided 128 ns between bunches the following (64,128) ns interval
is filled by beam leak only. Therefore this interval may be used

to permanently measure /subtract the background .
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CONCLUSION

Final state Efficiency / Resol. | Efficiency / Resol.
K, beam mom. 0.3-0.6 GeV/c 0.5-5.0 GeV/c
K + .. 539% /10 MeV = 14 % /20 MeV
—K +p 44% /20 MeV = 2% /25 MeV
>K*+n 50% /15MeV | 6% /50 MeV
O ) 64% /10 MeV | 18% /15 MeV

GlueX CDC is an ideal detector atK beam momentum (0.3, 0.6) GeV/c.

Overage reconstruction efficiency ~50% in this region.

Advantage of K +p — K (m"n7)+p is that it has 3 charged particles of low momenta, hence -
better resolution and vertex localisation; good cross check for K +p - K*+n.

Beam leak background does not create problems for neutron reconstruction via MM(K™).
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