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,ABSTRACT

> Differential cross-section ™ (1189) production has been measured in photo-production on a hydrogeh targe
s by usingglladata set in the photon energy range 1.6-3.5 GeV.Thés produced in the reactiopp — ST K°

+ with subsequent decay to proton arftd Here K is a mixture of CP eigenstatéss andK . In this experiment

s only decay products™ and7~ of short livedK 5 are detected. So, detected final state particles are proton,

s andr—. Ther? is reconstructed from the missing mass of all detected charged partides , @reconstructed

7 in the invariant mass of *7—. TheX* is reconstructed from its decay products proton ahdOur results are

s in good agreement with previous CLAS and SAPHIR results.
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,CHAPTER1
. INTRODUCTION

3 One of the main goals of the hadronic physics is to study the structure of theonu its excited states, and

4 to understand the underlying mechanism of their production. Experimentailst of the baryon resonances
s are discovered in pion elastic scattering experiments. These excited siatist ©of many states, each of
s them with a large width up to a few hundred MeV. Interpretation of the expeat@mheata and the extraction

7 of parameters of resonances is extremely difficult because of the p\arthinterference of these states with
s each other. Also, because of the large coupling constant at low epergyrbative QCD is not applicable

o in resonance region. The constituent quark model based predictierabl to explain the mass spectrum
o of the experimentally observed resonances quit well but they also p@tiier resonances which have not
1 been observed experimentally yet. Based on the quark model, the numiasitefd states is determined by
12 the effective degrees of freedom. The reasons for not observirsg tiesonances may either be explained by
3 an uncertainty in the number of degrees of freedom used by the modejsamsbming that the unobserved
14 resonances do not couple strongly to ftie channels in which most of the resonances have been observed.
15 Models like quark-pair creatiori] or collective string-like three quark modeB ghowed substantial decay

s branches of baryon resonances iktd and K'Y channels. So, kaon production experiments are important tools
17 to study baryon resonances.

18 Hyperon cross section in photo-production has been measured by watingents like SAPHIRJ], CB-

19 ELSA/TAPS |, 5, 6], CLAS [7, 8, 9] and LEPS [L0]. For X* production these data are limited to 2.4 GeV
20 photon energy. All these results agree well, however CB-ELSA/TARSB/sItusp like structure in the region
21 betweenK*A and K*X* thresholds which is not visible in other measurements.

[N

[N

-

[N



,CHAPTER 2
. DATA ANALYSIS

:2.1 INTRODUCTION

4+ We have used glla data set with Bremsstrahlung tagged photon b#&aom [a liquid hydrogen target. The

s experiment was carried out at electron energy 4.01860 GeV for rombars 43490 - 44107 and 5.02114 GeV

s for run numbers 44108 - 441337]. Photon beam is produced by Bremsstrahlung of an electron in a thin
7 radiator. The photon energy ranges from 0.8 GeV to 4.8 GeV for whalgeraf electron energy. The average

s electron current for the runs used in this analysis is about 63 nA. Thetteell is 40 cm long, placed 10 cm

s upstream of the CLAS center.

10 In this analysis, we are usirlg™ (1189), produced via process, Fig. 2.1,

1 y+p— K% X7(1189)

1> whereK? is a mixture of K, and K, [13, 14, 15, 16], which are eigenstates of CP.
€
V2
14 Then,Kg, being short lived meson, decays quicklysto and7~ with branching ratio 69% via CP conserving
15 weak decay whilé<,, being long lived meson, decays beyond the detector, making it unddeectdbdecays

16 to proton andr® with branching ratio 51% via CP conserving weak decay. So, final detgetdicles are
17 proton,7T, andx~. ¥+ and K g are reconstructed from their decay products.

13 ‘KO >= (’KS > ‘HKL >)

18 y+P— K;+3t
1 —>7r++7r_+p—|-7ro
i ™
Y Ks 69% y K. 69%
us Tt
st ™ st ™
p 51% p 48%
p n
(@) =7 — p + 7° decay (b) =t — n+ 7" decay

Fig. 2.1: Photo-production ¢t +.
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. 2.2 BEVENT SELECTION

> Inclusive events with 1 detected proton, 1 deteetédnd 1 detected ™ are selected from EVNT bank. Photon,
s with status 7 or 15 (flag for good electrons with successful tagger streation) [L7], whose tag-time is in

4 coincidence with start-time is selected under the condition that there is no dtbtempwithin+2ns, [L8] in

s order to make sure that we are selecting right phdtofihe photon distribution are shown in Fig: 2.R is

s reconstructed from invariant massof andr—, 7% is reconstructed from missing mass of protoh, andr—,

7 andX T is reconstructed from missing massmof andr .

8 M(rTn7) = Ky;; MM(Prtn™) =% MM@@tr )=t

Tagger correction is applied to the photon energy using CLAS g11 taggerction packagelp]. Energy loss

7000
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Fig. 2.2: Figure shows the (tag time-start time) distribatior photons with status 7 or 15 written in the TAGR bank
of the BOS file.

9
o correction and momentum correction are applied to all detected chargszgsaby using the CLAS energy

1 loss package (eloss2(], and CLAS gl11 momentum correction packad®8][ The tagger correction factor
2 is shown in Fig: 2.3 and total missing mass distributions before and after adlctions (tagger + eloss +
s momentum corrections) are shown in Fig: 2.4, which clearly shows thet efféiltese corrections.

[N

[,

[N

[N

1w 2.3 SOURCES OF BACKGROUND

e direct production of final particles:

[N
3

16 y+P—>P4+at+1 +7°

For photon selection: first we selected one photon whose tag time is dloghststart time, and then we checked the condition
‘is there any other photon withif:2ns window of this selected photon?’. If there was another photon witfims window then that
event was removed. This make sure that we are selecting only onenphie2ois cut is tighter cut thast1ns cut. We have checked
+2ns vs+1ns and we found that the difference is less than 1% with all other cutsusetsin this anlaysis) applied and less than 3%
without any cut. We did not select the photon by just taking thede2ns around 0, because this may include more than 1 photon if
above mentioned condition is not imposed
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Fig. 2.4: Missing mass distribution of proton and two opp®sharged pions, before and after all corrections (taggre
+ eloss + momentum corrections). After the correctionspesk center is very close to thé€ mass of 135 MeV.

1 e due to production ob via
2 y+P—>P4+w—P+a+71 +7°

3 ¢ due to miss-identification of protons as kaons.

4 ¢ due to miss-identification of kaons as pion. However, invariant mass offtax@ed pions a&’s will be
5 larger than mass o ¢ and those events will be removed by mass cuf@n So, this does not contribute
6 in the background.

7 Fig: 2.5(a) shows the missing mass distribution of the proton without any ailéaltly shows;(547), i’ (958),
s w(782), $(1020), andf1(1285) mesons produced with proton. Fig: 2.5(b) shows the missing mass distribution

8



1 of the proton undeE* (peak ofpr® mass spectrum). It clearly shows th€782) underX*, contributing to

> the background it distribution. Fig. 2.5(c) shows that the overlap of the tail of the photaW it (pr* 7 ~)

s with the 7° in M M (pr+7~) is negligible. Fig. 2.5(d) shows that the contribution form the miss-identified

+ kaons as protons (red line) is negligible. Combining these figures showhthdtckground under tHe™ is
mostly due tav production, and direct production of proton and pions.
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Fig. 2.5: (a) Missing mass of proton without any cut, showjng’, w, ¢, andf; mesons. (b) Missing mass of proton
with |M M (prtn~) — 0.135] < 0.02, |M(nt7n~) — 0.4976| < 0.02, |MM(r+r7n~) — 1.189] < 0.02 cuts. (c)
Missing mass of protom ™ and7— underX*. (c) shows that the overlap of the photon tail withis negligible. (d)
red line (scaled up by a factor 200) shows i@/ (=7 ~) distribution where mass of the kaon is used for identified
proton. As we can see that the contribution to backgrounu intss-identified kaon as proton is negligible. These
figures clearly shows that background under¥heis mostly due tav production, and direct production of proton
and pions.



2.4 KINEMATIC CUTS

> In order to selecE™ from the reaction and decay mode under consideration, and also to minimikadke
s ground we have used few kinematic cuts. The effect of these cuts tinl@paeconstruction will be shown
4 below. The cuts used are:

s 1. cut on invariant mass of two charged pions to selégt| M (77 ~) — 0.497| < 30 GeV/E.
s 2. cuton missing mass of proton and two charged pions to séle/ M (pr™7~)—0.135| < 30 GeV/C.

7 Fig. 2.6(a) shows the missing mass of proter, and7~; Fig. 2.6(b) shows the mass of two charged pions

s with 70 selected inV/ M (pr* 7~ ); Fig. 2.6(c) shows the missing mass of two charged pions#itkelected in

s MM (pr 7~ ) andKg selected in/ (7 + 7). Blue lines are fit to the peak (gaussian function) and background
(polynomial function).
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Fig. 2.6: (a) Missing mass of protom;t, and7~ without any cut, (b) mass af* and 7~ with 7° selected in
MM (Prt7~), (c) missing mass af  and7— with 7° selected il\/ M (Pr "7~ ) andK s selected inM (77 ~).
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1 2.5 BACKGROUND SUBTRACTION

2 Fig. 2.7 shows thé/ M (=7~ distribution wheret3o is selected arouné’s peak in mass of 7~ for the

s black line, and3o from left and right in side-band oK's is selected for the red line. As we can see that the
4 side band of the{; reproduces the background perfectly. So, we used side band &f tlas a background

s to do background subtraction. Figs. 2.8 and 2.9 show the distributions affth&~* 7 ~) after background

s Subtraction.
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Fig. 2.7: MM(x+ 7 ™) distribution with background from side-band &f.
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,CHAPTER 3
. SIMULATION : ACCEPTANCECORRECTION

s Monte Carlo events are generated based only on kinema&tigsgnd uniform angular distributions &t *’'s

4 decay products (for detail about the simulation please see the analysi2BpteThe generated events are
s passed through gsim and gpp, the ffread card and gpp flags are gihéywpendix: 7.1. The output from gpp
s Is passed through recsis with tcl file shown in Appendix: 7.1.

7 | Event Generatde— | GSIM | —> | GPP| —> | RECSIS]

s Figs. 3.1 showp vs 6 acceptance region of the CLAS for proton and pions. The gaps shogafiebetween
drift-chamber sectors. For comparison purposes, accepted regioritfe data is also shown in Fig.:3.2.

Fig. 3.1: Acceptance region from MC simulatiap,~ 6, for proton (top left),=* (top right), andr~ (bottom),
integrated over all other variables.
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Fig. 3.2: Acceptance region from data~ 0, for proton (top left),+ (top right), andr— (bottom), integrated over
all other variables.

1 3.1 KINEMATIC FIT

> We saw that (see Fig.: 3.4) the mass of the reconstructed partidlé(n =), is shifted by about 3 MeV

s from the pdg value. So, we did kinematic fit of the simulated data by using theStHiematic fit package.

» We did 1C kinematic fit (withr® as missing particle). Kinematic fitting brought the mass of the reconstructed
s particle close to the pdg value. Fig. 3.3 shows confidence level of the kiitefihaThe pull distributions and

s confidence level show that the fit is reasonable. A cut of greater %mnid confidence level is applied. The
7 mass of the reconstructed particles, as shown in Fig. 3.4, are at thelaghspMC events must cover all the
s kinematic ranges as in the real data. Fig. 3.5 showssthdistribution from the real data (red line) and from
s the accepted MC events (black line). Similarly, Fig. 3.6 show the momentum, pabr and azimuthal angle
10 of all the detected particles as well as reconstrugtédalong with the photon energy. Black lines are from the
11 real data and red lines are from accepted MC events. As we can seey@ cover full range of kinematic
12 variables as in the real data.

14
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Fig. 3.6: Figures show different kinematic coverage rangemfMC and real data. First row is for proton, second
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for momentum in lab frame, second column is for momentum irframe, third column is fo#é in lab frame, fourth
column is forf in cm frame and fifth column is for azimuthal angle

1 3.2 ACCEPTANCE CORRECTION

> ¥ from accepted MC events (MC events accepted after passing thoudyh &@IGPP) are selected by same

s procedure as in real data by applyiti§o cut around the peak. The acceptance function for each kinematic bin
4 is calculated by dividing accepted events by generated events in that kinémna Then, data is corrected by

s dividing it with acceptance function for that kinematic bin. The acceptameetion is

Ni|E,, cos(0k, )em]
NQ[EW cos(0x, )eml

6 A[E,, cos(0k,)em] = (3.1)
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Acceptance

1+ whereNy and N, are the number of generated and accepted events. Fig. 3.7 and Figo®.thstacceptance
vs photon energy and acceptance®s0x, ). respectively.
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Fig. 3.7: Acceptance v®s(0x, ). for different photon energy bins.

2 3.3 ACCEPTANCE ERROR

4 Since the acceptance function is obtained by dividing the accepted eyehis generated events, the error in
s the acceptance function is calculated by

ANg(E,, cos Qcm))2 N (ANQ(EA,, Ccos 9cm)>2

. AA(E,},,COS Oem) = A(EA/,COS Ocm) ( Na(EA/,Cos Gcm) Ng(Eq,,COS Hcm)

(3.2)

7 WhereANy(E,, cos Ocm) = \/Na(EV,cos Ocm) and ANg(E,, cosbem) = \/Ng(E,y,cos Ocm)-
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. CHAPTER4
. CALCULATION PROCEDURE

4.1 TARGET PROPERTIES

4 The glla target was liquid hydrogen with cell length 40 cm. In order to ledéethe production probability,

s the number of target protons available to the photon beam are requirediefisity changes due to change in
s temperature and pressure during the different runs. The temperatif@essure are measured and stored in
7 CLAS database for each run. The average density calculated basiesl perameterizatior?p)

8 p=aT?+bP+c (4.1)
90 IS
10 7 =0.07177 g/cn? (4.2)

11 And the variance is
1 _
12 0]2”luz = E (prun - p)2 (43)
Nrun -1

run

13 = 6.776 x 107 g?/cmd (4.4)

14

15 wherep,..,, is the density in each run. The variance is about 0.11%.

4.2 PHOTON FLUX

17 Photon flux is calculated by using CLABIux[17] package.
18 First, total yield {;) for each run is calculated whose statistical erroni, = /N and is shown in
19 Fig. 4.1(a). Then total fluxf(.) for each run is added and the flux normalized total yield for each run

” N, ==L (4.5)

21 is calculated. The error for this flux normalized total yield is given by

- AN, :Nr\/( %,Z/")th ( ﬁfr)Q (4.6)

23 Fig. 4.1(b) shows the run-by-run flux normalized yield which is nearlyaifa¢xpected.

2+4.3 PHOTON ENERGY VS PHOTON FLUX

25 Photon flux and error frorgfluxis obtained for each E-counter run-by-run. These are combined trgetget
26 flux vs photon energy. Flux errors are combined in quadrature. Fight&s the total flux vs photon energy.
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Fig. 4.1: Run by run total yield and flux normalized total giel

4.4 (CROSS SECTION

> The differential cross-section &f ™ production is given by

do(E,,coslcm) Y (E,,cos Ocp) @.7)
’ d cos O, - F(E,) T A(E,,cos0cy,) 6 cos O B '
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1 where
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Fig. 4.2: Photon energy vs total photon flux

Y (E,,cos0.m) — X yield
F(E,) — photon flux
T — number of target proton per unit area
A(E,, cosb.,) — detection acceptance
B — product of branching ratios df s and>™

6 cos Oy, — Size of cos 0., bin

s The number of the target proton per unit area is given by

10

_ NaplL

T
N

(4.8)
(4.9)
(4.10)
(4.11)
(4.12)
(4.13)

(4.14)

11 where N4 is Avogadra’s numbery is the target densityi, is the target length andy is the number of grams
12 per mole of the target. Then,

13

12 Similarly,

15

do(E,,cosOcm) Y (E,, cosOcm) N
dcos O, N F(E,) A(E,,co80cm) 6cosbem B Naop L
do(E,,coslcm) Y (E,,cosOcm) N
dE., - F(E,) A(Ey,c080) 6Ey B Nap L

(4.15)

(4.16)

16 B, product of branching ratios f&* — p + 7% andKg — 7+ + 7~ =0.5x 0.5157x 0.6920 = 0.1784322.
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,CHAPTERS
. RESULTS

s Differential cross section vsos i, and E, are shown in Figs. 5.1 and 5.2 respectively. Errors are statistical

only.
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,CHAPTERDG
.DISCUSSION ANDSUMMARY

s We have compared our results with SAPHIR][and CLAS R5], and are shown Figs. 6.1 and 6.2 respectively.
4 The functional behavior of the cross section from our result is in vendgagreement with others, however
s there is a small difference in magnitude.
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. CHAPTER Y
. APPENDIX

s 7.1 APPENDIXI

»7.1.1 ffread card for gsim

5 LIST

s KINE 1

7 AUTO 1

s MAGTYPE 2

s MAGSCALE 0.4974 0.0

10 FIELD 2

1 STTYPE 1

12 STZOFF -10.0

13 TGPOS 0.0 0.0 0.0

12 TARGET ’'glla’

15 TGMATE 'PROT’

1 GEOM "ALL

17 NOGEOM 'EC1’ 'CC’ 'MINI' 'PTG’

18 NOSEC OTHE

19 BEAM 4.018

20 CUTS 5.e-3 5.e-3 5.e-3 5.e-3 5.e-3

21 DCCUTS l.e-4 1e-4 1l.e-4 l.e-4 le-4
22 ECCUTS l.e-4 l.e-4 le-4 1le-4 le-4
23 SCCUTS 1.e-4 l.e4 le-4 1e-4 le-4
24 STCUTS 5.e-5 5.e-5 5.e-5 5.e-5 5.e-5
2s NSTEPMAX 20000

26 TIME 1000000 1000000 1000000

27 RUNG 43832

28 TRIG 1000000

20 RNDM 128 128

30 STOP

31

» 7.1.2 gpp flags

33 gpp -POx1f -ooutputFile -a2.0 -b1.8 -¢1.8 -f0.8 -Y -R44100 inputFile
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. 7.1.3 tclfile for recsis

> source /u/group/clas/builds/PRODUCTION/packages/tcl/rqusis.tcl;
3 turnoff ALL;

4 globalsection off;

s turnon seb trk tof egn user pid;

s inputfile InputFile;

7 setc chisffilename histfile;

s setc logfile_name lodfile;

s setc outbanknames(1) "all”;

10 outputfile outfile PROC 2047;

1 setc prlinkfile_name "prlinkg111920.bos”;
12 setc bfieldfile_.name "bgridT67t033.fpk”;
13 set toruscurrent 1920;

14 set minitoruscurrent 0O;

15 set poltargecurrent O;

16 set TargetPos(3) -10.;

17 set trkmaxiter 8;

15 set trkminhits(1) 2;

19 set trklrambfit.chi2 50.;

20 set trktbtfit_chi2 70.;

21 set trkprfit_chi2 70.;

22 set trkstatistics 3 ;

23 set dexvst.choice O;

2 set defadc -1;

»s set deftdc -1;

2 set defatten -1;

27 set defgeom -1;

28 set sttaggermatch 15.;

29 set Istdo -1;

20 set Ipidmaketrks O;

31 set photontrig_type 4;

32 fpack "timestop -9999999999”

33 setc recprompt "CLASCHEFrecsis> ”;
31 go 2000000;

35 exit_pend,;
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