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Update from the last draft circulation

The figures were updated.
e pK mass plots for DIS and PHP samples with wider range to show A, peak were added in fig.3(a, b).
* The dashed line was added corresponding to the HERA | result on HERA Il result in fig.3(c).
* A pK mass plot was added with CTD-dE/dx-only PID in fig3.(d).
e H1 HERA I result was shown in fig.4(b).

e The results of cross section limit were added with the width determined by the mass resolution in
fig.4(b).

Pion rejection factor was calculated with various PID options by using pions from Kbg decay.

Global proton PID efficiency correction was applied instead of event-by-event correction (a factor ~30%
better limit).

Cross section was presented for O-> pKO instead for G)—>pl('50 (a factor 2 larger than previous).
The systematic errors were re-estimated.

The cross section limit was shown for M(pK); 1.45-1.7GeV (it was 1.435-1.7GeV).

The sentences was polishing. (Thanks to Iris, Matthew, Peter and Uri)

Thanks to resent comments from Mikhaylo, Paul and Riccardo.

PQ analysis web page was created (protected with the zeus password) and uploaded analysis materials.
e https://www.desy.de/~ryuma/PQanalysis.html



https://www.desy.de/%7Eryuma/PQanalysis.html

Analysis Backgrounds

e ZEUS published the evidence of ©(1530)-> pK?2 (pK?2)with
HERA | data (Phys. Lett. B591, 7-22 (2004)). But, H1 did not find
a peak structure and set limit on © (Phys. Lett. B 639 (2006)
202, DESY Note 06-044). We need to check with HERA Il data.

e MVD was installed in HERA Il. Protons can be better selected
with CTD and MVD dE/dx.
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Fvent selections



PQ MC

e Pentaquark MC: RAPGAP 3.1030 by Formoza (to avoid MC seed problem, very thanks to Yury)
e At first, 2*(1189) is produced with its mass shifted to ©@’s mass.
* 3* decays are limited to p + K.

e Events are generated for the following masses.
(1.45,1.5,1.522,1.54,1.56,1.6,1.65 GeV)

e Q%2>1GeV
 Atleaseone ©in |y|<2.5
e re-funneled with num07t4.1
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Data Set (private ntuple)

e HERA-II GR data
* Orange 2009a.1

e Pre-selections (ZeslLite)

e Common Section
* Number of track >0
| Zvtx| < 52cm
Number of VOlite (KJ) >0
For DIS

e DSTb9

e Sinistra’s number of
electron >0

Tracking RT+DAF (default
tracking setting)

Luminosity(pb-1)

2004e*p 37.55
2005e7p 135..47

2006e™p 51.03
2006,7e*p 135.87
total 358.93




Event selection
e DIS event selection for ntuple
e Q% >5GeV?
e £,>10GeV
e 38< E-pz< 60 GeV
* V., <0.95
* y;p>0.04
Electron Probability > 0.90
Electron position |x|>12cm |y|> 12cm
|Zvtx| < 30cm
Number of track > 2 & < 400
At least one track from the primary vertex
e TLT triggers (SPP0O2 SPP09)
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K¢ selection

| . 20<Q?<100 GeV'? 7ZEUS
Two tracks with opposite charge s prmeTp AL e
pr(n) > 150MeV S
In(m)| < 1.75 e
rt track’s MVD hit > 2 %0000: T
(1) > 250MeV S o0 :
In(rm) | < 1.6 6000 .
X < 5.0 (of the two tracks refit with VOlite) - -
DCA between two tracks < 1.5 cm (VOlite) o ]
DCA to beam spot > 0.2 cm (VOlite) N

. . (945 0.46 047 0‘.48I bl.45 ‘0.5H 6.51I I0.52 0.53 0.54 0._55
2D CO'llnearlty < 0.06 rad Invariant mass (GeV)

Fig.1 (with double Gaussian fit parameters)

0 Measured value =497.178*+0.010MeV
Kg decay length (DL) > 0.5 cm PDG value 497.614+0.024MeV

When we assign the electron mass to the track, M(ee) > 70MeV

3D co-linearity < 0.15 rad

When we assign the proton mass to one of the tracks, M(pm) > 1.121GeV
Finally, we set a mass window (482MeV.<M(mrt) < 512 MeV, blue lines).



matic variables (1)
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Proton identification for DATA

* Track selections

)

0 CTD dE/dx selected by MVD MVD dE/dx selected by CTD
* not used as m of Kg - Shaans e ——

14:_ LN UL BN BUELELE ELELELE BLA |{|-1{12 14:_ T L -|'--.|- T |-4 .
e 0.2<p(p) <1.5GeV : ‘ ' E L) Fig.2 ® !
 CTDinnermost layer =1 °«f 11 = :

e CTD outermost layer >=3

CTD dE/dx (mips
=
|

e dE/dx requirements °"'0-;'{"?“5:*-'”“"5;?";'-3'"“nlo'nl;n'm'm'sé“;w °"'“".'E‘."'°'-'6".'?'°!8'-"7*';o}ffnlu'm'séi;,
e protons had to be within a band centered at the expectation of the

parametrized Bethe-Bloch function F. The band is defined 0.5F < dE/dx < 1.5F.
e dE/dx should be greater than 1.15 in units of mips

e dE/dx probability likelihood of proton > 0.3.

* PID requirement
e |f CTD dE/dx is valid, both CTD and MVD dE/dx are in the proton bands.
e |f no CTD dE/dx due to saturation, only MVD dE/dx is required.

2015/11/17 . . . ZAF thing 2015 Nov.
f With this logic, we can‘save more low momentum protons.



Proton kinematic variables

. momentum of proton p_ of proton ] 1 of proton
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White: pre-selected

prOton PlD (llke“hOOd) Yellow: after proton PID
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e Proton dE/dx probability likelihood in PID;
e dE/dx resolution was ~10% for both detectors.
 The likelihood is defined L(p) = prob(p)/ X.;prob(i) (i = K, p).

e This PID can select purely proton.
2015/11/17 ZAF meething 2015 Nov. 14



Proton PID efficiency (p in A sample)

N\ sample is selected by VOlite routine
which used only track information.

efficiency of PID by mass Efficiency

€ [T = (# of A w PID)/(# of A wo PID)
14 - my PID
s I * my default PID.
12 -2 CTD(NEW) e Based on CTD & MVD + MVD(CTD fail
I _ event)
» dE/dx Band + mip + likelihood
L -« CTD PID (dE/dx band + mip, HERA I like)
06/ ~« Based on this figure, we wrote the proton
i PID efficiency factors. The quotation of the
0.4]- L
- - draft;
0.2 ] e The efficiency (my PID) is about 80%
for protons with momentum p <
B S e R WY 0.8GeV and then almost linearly
momentum {GeV} decreasing to 20% at p = 1.5GeV.

* The proton identification efficiency
(CTD PID) at high momentum is higher.



PID efficiency in momentum inclusive A sample

mass mass mass mass
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e Ratio = Signal bin (red) — B.G estimated from both sideband bin (blue)
CTD (band+mip): 82%

CTD (+likelihood): 65%

My PID (based on CTD and MVD): 54%

Based on this figure, we wrote efficiency values (CTD’s about 80% and my PID’s 54%).

2015/11/17 ZAF meething 2015 Now. 16



The pion-rejection factor:
vions from K

« KJ sample

. KSQ is selected by std. selections in page.9 (however A
rejection is removed in order to see the proton
efficiency at the same time).

e Pions of KSQ are used as proton candidates.

e PID
e CTD PID; dE/dx band and CTD dE/dx > 1.15 mips

e My PID; CTD and MVD + MVD (CTD fail event), dE/dx
band, dE/dx > 1.15 mips and dE/dx probability likelihood.

 Check PID effects.



Mass distribution
M(prt) by KSO sample

| K9 sample o KQ: HERA-II all sample (left plot)

/| e Check the contamination on (prm) mass spectrum:
ool | e Track having higher-momentum is regards as proton.
: * A peakis clearly seen in the all samples. The numbers

40 .
; o of the A are decreased, but pions B.G. are strongly
2 [ reduced with the new PID.
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Ratio of event number (log plot)
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. Myi PI[I) can exclude it contamination 10 times stronger than CTD
only PID.

* This is the base on the statement in paper “The reason of this
large reduction is mainly attributed to the tighter PID selection for
the proton candidates.”



Ratio of momentum (mt event in KOs sample)
(eff. = # of event w PID / # of event wo PID)
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 Red (my PID) decreases pion contamination (10-100 times) than Black (CTD PID,
factor ~10) above 0.6 GeV.
e Based on this figure, we wrote the pion-rejection factors.

e the quotation of the draft; The factor is above 1000 for momenta below
1.2GeV and rapidly decrease to 100 at 1.5GeV.



Results



A Mass

* We show the mass plots with DATA (including PHP)

e With —EL cut to enhance charmed jet event.
ETcone1o

e Fit AL by Gaussian (signal) and the resolutions are compared with
the MC.

0 0
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AT Mass resolution and mass plot

mass resolution ZEUS
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* AT masured mass resolution is consistent between MC and DATA.

e Itis noted that - PT__ selection enhanced the A% peak but there
Tconelo

is no signal emerged in the (1530) area of fig.3(b).




PQ Selection and Mass distribution
ZEUS

e 0% requirement 3 ST AMAAL AR R

. 20< 02 < 100 Ge\? o 0P Fig 3 (a):
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e Cha rge sepa ratlon; Red arrows point to ~1.54 GeV

e Distributions are fitted by the same function.
e Quotation of the draft: number of event in line 205-210.
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Mass peak corresponding to PQ

the HERA | results

6 Results °

- . I . . . . - . @
I'he cross section for the 87 baryons and their antiparticles measured in the kinematic
region given by * > 20CGeV? 0.04 < y < 0.95, pr > 0.5GeV and |g| < 1.5 was:

°
gle*p — e* BT X — e® K% X)) = 125 + 27(stat.) ¥ (ayst.) pb
Ve > r P L=d Sl ekl } ag | SYE ..'I. N
Figure 2 shows the cross section integrated above @2, . Figure 3 shows the ratio of this
cross section to that of the A cross section integrated above Q2. where the ratio, defined
in the same kinematic region as above, is
i ;.—;.’l;;—.r’{—?'_'f—{’.f{':'}l."ii
ratio ..
olesp — e=AX)
— . o . — - . W] " I .
This ratio, for Q2 = 20 GeV?, is 4.2 + 0.9(stat.) "} 3(syst.)% and, in the current data,
shows no significant dependence on fL];-'_I,n. Since the 81 has other decay channels in
addition to 8" — K"p, this ratio sets a lower limit on the production rate of the 8% to @
that of the A-baryon.
°

at ICHEP2004

Integrate luminosity;
* (121 pb~1; HERA-I)
* 358.93 pb~1; HERA-II

Same kinematical Range (y, pr and n)

© cross section (125 pb )

Changing factors to event number.

e Branting mode includes K5 and K; mode;
0.5

« K;>mn’branch correction; 0.69

e (Q%?-range change from Q?>20 to 20-100
GeV? (estimated by MC); 0.85

Estimation of number of events
e (HERA-II luminosity)*(cross
section)*(factors) = 13619 evts

A peak puts on invariant mass distributions in
next page.
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expected signal from HERA | result

oo Weighted mass . Raw distribution
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Modification of CTD PID selections to like-HERA | logic

L =358.93 pb! e PID is modified to HERA I-logic
following 3 requirements.

HERA-II ! - 1. remove probability
1D PID T : P Y =1 1 Remove dE/dx likelihood
TS e By 3 iz =l Lp) > 0.3 selection
1:2: H HWWJHWW ﬁﬂ Wﬁl' i #HHHH T -> increase ~3 times
ﬁﬂ ST (25530->86366evts)
oof- JIH o +H+ 2 Remove MVD hit > 2 selection
:E: JrH S for pions from K
wof + m_ f ->increase ~1.5 times
q q (86366->130043evts)
2. remove MVD hit sel. _ 3. Add CTD h|t seI 3 Add CTD hit > 40 requirement
1000l } i Errf*iasﬁ for proton.
- ++++H++H+ﬂ++#+++1} ++ﬂ++++ 'T”"g‘ {P’rJrﬂJrJerHHﬂfﬁ#ﬁ .Jr T -> decrease ~0.7 times
m ++* (130043->88611evts)
- H++ 5-nuf— Jr1+'|+'|'+ )
600 ++++ 4nu;— ++ Flg3(d)
N T
400~ 4 300F- 4 Summary:
ol sl amed 3 y HERA 1I(MVD+CTD) : 10604 Events
[ e _omess e HERA | -like: 88611 Events
T Y- '1|=:-'_' i I,: :]T e '1!=:-'_ el 'H' 1'1 -> X 84 times increase

rvariant mass [Gel} rvariant mass {GeV
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HERA Il event yield per luminosity is ~1/10 of HERA I. This reason seems that Pion

rejection factor of my PID is higher than HERA I-logic PID.

If we use only CTD PID as same selections in HERA | analysis as possible, the number of
event per luminosity increases back to ~75% of HERA 1 yield.



Upper limit of the production Cross
section.



Mass weighting Procedures

e For each I\/I(pK_é’), a weight(g) is determined to correct for the
following;

e (1) Efficiency of proton identification.
e (2) Acceptance of O:
correction for decay angle assuming isotropic decay.

— rotony pK pK
€ EpmtOHPlD(pp ) Edecayangle(pT N )

e (3) In addition, acceptance of DIS selection is calculated.
* The weight factors are calculated by MC.

In the following slides, we will explain these one by one.



(1) Proton PID efficiency
with the data using A(1115)

N sample selected from DATA sample by VOlite
routine which used only track information (A

proton momentum {GeV}

o efficiency mass plots shown in backups)
or Efficiency € .o, pip(PP'")
% ek ". v PR efeeney - (4 of A w PID)/(# of A wo PID)
0.72— . Parametrized as function of momentum.
O.6§ \ * p(p) <0.5GeV
05 e Use 0.5GeV bin’s value.
0.4= — ) _ . 0.5GeV < p(p) < 0.8 GeV
0.3 . e Use the measured values.
o.2§— = e p(p) >0.8 GeV
01" Yellow band: PID sys. error » Use a quadratic function as shown in
of i i, the figure.
0 06 08 1 12 14



(2) €gecay angle (P775,NP¥) mass dependency

acceptance correction mass dependency

50
45k
a0F
350
30F
25

20F
15

10F

— fit curve

MC result

L 11 L1 11 | L1 11 | I | L1 11 1111
145 15 155 16 165 1.7 175 138
mass {GeV}

e For each (pr, n) bin, a correction

factor is calculated as a function of
the © mass. In order to check
systematic error, the factor is fitted
with a linear function and a
guadratic function. But, the
difference between fit function is
very small .

oll K Ky = A¥
E':decayanglelo (pr ’np ) = A M®+ B

p reweighted factors are also
performed to estimate systematic
error coming from PQ momentum
changing.



(3) DIS efficiency
e DIS efficiency estimated by Q?(DA) of PQ MC sample

€ = # of after DIS selection/# of before DIS selection (MC true
information).

e Calculate as Q? function.
e 20< Q% <100 GeV? in order to compare with HERA-I analysis

'MC @ ratio |

e For Q? > 20 GeV2: acceptance can be
regarded as flat (g5, = 0.742510.0642).

e TLT efficiency ~ 100% for these Q? (next

0.9;
O.Sf
O.Tf

o page)
0.5-
0'4: hqg2_ratio1
0.3 - Entries 142
B Mean 52.54
0.2F RMS 27.45
. %2/ ndf 0.6832/179
0.1: p0 0.7425 + 0.0642

:\ Ill\HII\\I‘I\H‘III\‘\II\‘\I\I‘H\I‘I\Hll\\\
% 10 20 30 40 50 60 70 80 90 100
Q? {GeV%}




Etc.; TLT trigger efficiency

TLT trigger efficiency is estimate by MC.

In HERA-II, SPP02 is used to take DIS event . But SPP02 is pre-scaled in 2006, SPP09 is also used to
take DIS event.

2005 e
e SPPO02 Inclusive DIS prescale 1 e e
e SLTSPP1 ' : : : : ; ; ; :
e 30GeV<E-pz<100 GeV | i i i i i i i ;
e e e
e Boxcut 12x12cm cm ' i i ' i i | | i

2006- 0.8
e SPPO2 Inclusive Low Q? DIS prescale 10 S
e SLTSPP1 : : : : : : : : :
- 30 GeV <E-pz <100 GeV Y R
* Eel>4GeV e
e Boxcut12xl2cmcm | 5 5 | 5 5 5 5 5
* SPP09 Inclusive (a bit less) Low Q2 DIS prescale 1 0.2
. SLTSPPI A

e 30GeV<E-pz<100 GeV
e Eel>4GeV 30 40 50 60 70 80 90 100
e Boxcut 15x15cm cm a2 {GeV}

e TLT Trigger efficiency

= # event pass Box15x15cm/ # event pass Spp02taken

e InQ?>20 GeV2TLT trigger efficiency ~ 1.
=> can ignore trigger pre-scale factor (introduced in
higher Q2 from 2006)
=> can use full luminosity 364.20pb!


http://www-zeus.desy.de/physics/diff/ZEUS_ONLY/trigger/2005/slt05.php3
http://www-zeus.desy.de/physics/diff/ZEUS_ONLY/trigger/2006/slt06.php3
http://www-zeus.desy.de/physics/diff/ZEUS_ONLY/trigger/2006/slt06.php3

Setting of PQ cross section limit
calculation and mass distribution

 Limit setting with the well identified phase space.
(DIS 20 < Q2 < 100 GeV?, py of pKJ : 0.5-3.0 GeV, n of pKJ: -1.5—+1.5)
Acceptance correction ASSUMING the pr/n spectrum of pentaquark is similar
to X*(1189). : Some systematics with different p slopes.
With some sets of Gaussian mass width (6.1MeV as seen in HERA | and else)

mass of pK’s mass of pK%s

of ] 1o00f +H Weighted mass -
Lt Raw distribution 500 distribution '

9.4 1.45 1.5 1.55 1.6 1.65 1.7 9.4 1.45 1.5 1.55 1.6 1.65 1.7
Invariant mass (GeV) Invariant mass (GeV)




The cross section calculation method

e Signal: Gauss function (o is parameter, see next page)
e BG.: po*(Mpko_Mp_MKo)pl*e{-Pz*(MpkO-Mp-MKO)}
 Blue: fixed signal function + B.G..

e CL9O=%2 . +2.71,CL95 =¥ . +3.84,CL99 =% . +6.63

Ex. mass 1540 MeV with 0=6.1MeV

Graph|  Parabola of x?

114~

112)
1105—
103?
106;

o Survey

102

100 limit

L. pyﬂjF)f|)§?

98+ 561000 1500 2000 2500 3000 Ea'lslo'c[ 4000
Number of signal

2015/11/17

Entries 10604

8000— Mean 1.664
RMS 0122

7000~ 7 1 nelf 82.97 /90
po 1759404 + 2.594e+03

6000~ p1 0.6241 = 0.0496
p2 39112 0.286

5000

4000

3000

2000

1000~

:l L1) |.J Ll Ll Ll ‘\“J‘.‘.LI LJJ.J Ll LJ L lJ_l Ll Ll Ll LJ LA L) |.J LLL
?_4 145 15 155 16 165 1.7 175 18 185 19

Invariant mass (GeV)

ZAF meething 2015 Nov.

'mass of pK’s| CL99 hmassLamcw26
Entries 10604
8000 + Mean 1.664
E RMS 0.122
7000 2 I ndf 85.76 / 90
L po 1.737e+04 + 2.5609e+03
6000F pi 0.6219 = 0.0498
E p2 3.882 + 0.287
5000f

4000}
3000F
2000F

1000F

pK{ + pKy

FVRIA NI T P I

0L

L) JLA.L Ll L bsa Ll Ll.L) JLL.L L1L) LLJ.L LiL) LLLL
145 15 155 16 165 1.7 1.75 1.8 185 19
Invariant mass (GeV)
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Gaussian widths in Cross section limit calculation

e 6.1 MeV in the draft was the measured width in the HERA |
results.

e Cross section limits are calculated with considering the
detector resolution.

e Mass resolutions are estimated by MC (next page)

* In the measured mass range, the resolution o is
parametrized as a linear function of pK¢ mass.

e As at low mass (M(PQ) < 1.45 GeV) the Gaussian area below
pK¢ mass threshold are included, the limit is worse at smaller
masses.

 We put a sharp cut at the Gaussian at threshold;
Limits are shown only above M(PQ) > 1.45 GeV.



Signal width determined by mass resolution;
e Mass resolutions (blue) are calculated with MCs.
e They are fitted by linear function (red).
e Black points are come from PHP data (circle; _Pr 0.15, square; _Pr 0.25)

Tcone1lo0 ETconelo

resolution of Mass

= 12 1 ndf 437616
2.4 p0 11,11+ 0552
=4 p1 9.591+ 0.3595
S

512

@]

w

(1]

x

w10

% ® MC

=

8

] PHP inclusive p_T--Echmem > 0.1
6

[ PHP inclusive p_T--ETCGrlem >02
4
o Mass Resolution Vs. M

-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

9. 16 1.8 2 22 24 26 28 3

Center of Mass (GeV)



Signal width determined by mass resolution;

0.018

0.016

ass resolution (GeV)

M
o
o
—
N

0.01

0.008

0.006

0.004

0.002

0.021

0.014f

ra—

width calculation

e Linear: 0.009591M -0.01111 GeV

sigma i * Square: 0.002601M~ - 0.002529 GeV
— linear

2 e The difference is very small
- —Square

- 12.2MeV -> the Linear function (red) is used.

5 Mass resolution (5.6-10.4MeV):
- 6.1MeV * No physical motivation, but this

—— resolution range is similar with H1

e e e 77 Mass resolution (2.8-5.2MeV)
Mass (GeV)
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Signal width determined by mass resolution (cg->p + K°);
Cross section comparison

ZEUS —+— 0=6.1MeV C.L.95%

g e rnsmeves

5 I

8 a0 e Fit range 1.435 < M < 1.900 GeV

g 20 * Black; constant mass width 6.1 MeV.

i e Red; variable width 2.8-5.2 MeV.

202_ e Blue; variable width5.6-10.4 MeV.
101,
o ' ‘ ' |

11 | | L1 1 1 | 11 | ‘ |
1.45 1.5 1.55 1.6 1.85 1.7
M(pKS) (GeV)



Systematic error estimation (og->p + KJ)

e Systematic uncertainties wew evaluated for the following 5
components.

DIS electron finding;

e Proton identification (PID);
accept. different (pr, n) binning;
accept. mass dependency;

* pr distribution re-weighting.

* Luminosity uncertainty ~ 3%.



Systematic error estimation (6g->p + K¢): DIS and PID
 DIS efficiency (Left; default and ~10% error of DIS efficiency)
* PID (Right; default and PID efficiency error)

[ cross section limit of © | R ‘ cross section limit of © ‘
5 307 - 30 )
o ——
St r < L
: 25 ; ——&——  mass dep. DIS 0=6.1MeV CL95 & : —
£ L = L
c E 25- -
9 20? c L
S L 2 L
o ° C
7] = 9 20
@ 15— -4 B
L 0

o -

10— . 5 15-

[3)]

- i’v“m\j\fﬂ \ \-/ 10-

.Q; P T SN A TR N :
E13§ o
1.2; B
1.1 ;" 600 ,0,00%%, o8 N 000000000 0000000%,00,,%% 000" —
. ! . : L Lol b b o b b
a5 s 16 1es 17 0445 15 155 16 165 17
Invariant Mass {GeV} Invariant Mass {GeV}

* Uncertainty in the DIS event selection was ~10%.
* PID efficiency error was modified by ®=10. The effect is a few %.
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Systematic error estimation (6g->p + K¢) : Binning

e Acceptance mass dependency (linear(default) or quadratic function)
e Different (p7, n) binning : 3 patterns (1X1(default), 4X8, 8X16 )
e pr Spectrum correction (default, scaled with Mass)

cross section limit {pb}

Acceptance/ mass dependency

mass de

| cross section limit of © |
30, T
25 s
20
Blue: Linear
I Red: Quad
100 "
: 1 i\
_H’}\ \' ,fh'f )
5
J’.\a\f\
TRy YT 113”

p. pol1 o=6.1MeV CLS5

"‘\\ al .-”
v o\
1 é;é Y

cross section limit {pb}

cross section limit of © |
30

25

20

15

10

:L‘rﬂ. | '\:/}n | III!I L] ! I::: II .\
5 \ | LI

- fit pel1 o=6.1MeV 4°8bins CLI5

- fit pol1 o=6.1MeV B 16bins CLIS

b fit pol1 ouE.1MeV one bin 5

|

Black: 4*8 bins
Red: 8*16 bins
Blue: one bin

II ‘|I
{ Ii
h |

; '.' ..i'-.- I
LVE e

0"

L ] L

1
1'-3 17

L1 | L1
165

14") 16

Acceptance / different Bin

1")'3

' cross section limit of © |

cross section limit {pb}

25

30

20
15

10

p; reweighting

Acceptance mass-dependency uncertainty is so small as negligible.
Binning error is the largest, particularly, in smaller mass region (M~1.5GeV).
Error uses the maximum difference from default calculation.

2015/

Pt

iétribution error effect is ~20% (athigh Mass).

44

Blue: normal
Red: scaled p;
- : a‘-;:-.:

A s -::f‘ \ 7
'\ /\ ¥ e -«(’
eV
T Y- Y S — YT 17



Sum of systematics Error (og->p + 1{39)

N
m
c
w

Sys. error (%)

- N w L n
o O o o©Oo o

T T T&T

DIS efficiency
PID efficiency
Deffernet (pT,n) bin

Acceptance mass dependency fit

C B p, reweighting

r sum

C °
C o]
- o]

o
C o © v
[ i vy -
Y e oo
= .“‘-!-E:
C .‘3. '
D e s - 't
= A v .
C o o vvr]
L A e
r o q]
. ‘4 Lo
C o °o
C o .
r s o * 7
C °
E 1 | | | | | | 1 | | al ‘ | | | | | | | 1 | 1 (\) | | :
1.45 1.5 1.55 1.6 1.65 1.7

Invariant Mass (GeV)

)

N
(3,
o

200

Sys. error (%

150

100

50

DIS efficiency
PID efficiency

[ T Deffernet (pT,n) bin
= @
L Acceptance mass dependency fit
L @ [ reweighting
n o sum
L @ ,
@
= @ -
@ @
L 2 ,
[ @ @ _
L 2 ]
L @ 2 ,
L . . ,
L 2 . _
L 2 ,
@
| 2 QQ 2 QQ 2 ) N
= 2 2 ot 9 A
L ? Q of 4g 0 |
29 A io°
o2 o 3 ;o‘g vvvvvvvvvvvv 5
~ 090000000, 000 Cetegetutunsiiiidigisec,orecenste -
I ;li:lllll“;il'il:‘- :ll-llnnn ----.lﬁl:Ill-n---l-
1.45 1.5 1.55 1.6 1.65 1.7

Invariant Mass (GeV)

e Systematic error from Binning in pT-n plane is the largest.

e Other errors are not so large (also luminosity uncertainty).

2015/11/17
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cross section limit (pb)

Results; Cross section upper limit (6g->p + K°)

0
0 - pk® ZEUS 0-pk® ZEUS
6 } 100 3 120 T | LB | L | 1T 17 ] T 1177 | T 1T
F|g 4 (a) g 2 i ZEUS HERA Il 0(2.8- 5.2 MeV) C.L.95% (b):
501 - o W 80 E B ——=—— ZEUS HERA Il 5(5.6-10.4 MeV) C.L.95%
- * 0=6.1MeV C.L. 95% . ‘; ‘—-: 100 ——&— H1HERA | o{4.8-11.3 MeV) C.L.95% (estimated)
I sys. error 1 2 e[ + S [ i
40 ] £ 3 80- S
- ] w 40 H1 data 4 |
300 20< Q%< 100 GeV? 20 — bagr fit 5 60
i ] i 2 L J
20_ T i —_ g]....|..29.f.9f:?.9?.§f\r....|.... 40— —
i N 4 = 60 f o
10/ ¢ I / LAY ®3 4nk 20 ol
[ .,,.»*-\,.\ yaY "\/f \YRWE B 40F I N S
"V L | 23 o5%CL. " Lttt Bt TN
0 1.45 1.5 1.55 6 1 605 0 1.45 1.5 1.55 1.6 1.85 1.7
M(pK HGeV} Measured by ruler -] M(pK?) (GeV)

Cross section of ® — pK° is 2 times ® — pK?.

HERA | ZEUS result of production cross section is 125+ 27(stat.)*3¢ ¢ (sys.)pb™ Cf. the ICHEP
conference paper in Beijing(2004), with mass resolution 0=6.1 MeV’ Fig.4 &) shows the result
of 95% CL upper limit with this width.

H1 reported the C.S. limit (used o0 =4.8-11.3 MeV). The H1 HERA I result is measured by ruler
and plotted in fig. 4(b). (Achim’s request, but | don’t access to H1 accurate values.)

Fig. 4(b) shows the comparison between the H1 results and the width determined by the
mass resolution plots (o = 2.8-5.2 MeV and 5.6-10.4MeV) in HERA II.

The gbtained HERA Il ZEUS upper limit jis significantly lower than HERA | results.



Summary

* Aresonance in the pKJ (pKJ)system was searched for with
the HERA |l data collected by the ZEUS detector.

e An improved proton PID capability made possible by the newly
installed MVD detector.

* The peak structure for which evidence has been observed in the
previous ZEUS analysis with HERA ,| data was not confirmed.

* The upper limits on the production cross section have been
set as a function of the pK° mass.
e Assumed a hadronic production model with an isotropic decay.

« Kinematic region: 0.5 < p-(pK°) <3.0GeV, | n (pK°)| < 1.5 and
20 < Q? < 100 GeV?



Paper plots



Figurel
ZEUS
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Figure

CTD dE/dx (mips)

CTD dE/dx (mips)

2015/11/17
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MVD dEidx {mips)

MVD dE/dx (mips)
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Figure3
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cross section limit (pb)
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Back up slide



Mass error check

mean of mass

ik St
ff Juof % 0.5:
o ot O -
b f =0.4995)
¥ o 0.499]
. - oa9ssf- PDG value = 497.614 +- 0.024 M
i £ 0498 ‘
! Juf 0.4975F
“F - — —_——t A bl ¥ — =
N 04971
. 04965 Measured = 497.178 +- 0.010 Me
0.496[
04955/ s =0.017 MeV
: | | | ‘ | | | | | | | ‘ | | | | | | | ‘ |
0-49% 2 4 6 8 10
A Nth hist

. KSQ mass distribution is divided to 10 histograms (same mass bin). The standard
deviation s is checked for the means for measured value.

e Total mean error of KOs fit is 9.65*10E-6 GeV. This is 0.01 in MeV unit (plot in page 9).

* In the case of KOs distribution dividing to 10 histograms, each mean error is also
0.0000GeV, (bin=0.5MeV). The Standard deviation is 0.017MeV (right figure).

2015/11/17 ZAF meething 2015 Now. 54

eV



MVD dE/dx; ladder and run-by-run correction (reminder)

meantp | o dependence x2 I ndf 25.03/13
_ Prob 0.02287
= 85 PO 75.75 + 0.1444
‘g’ - p1 7.878 + 0.3781
B [|[RMS y [+)
90 —
- Ladder O
85l l
: =
80—
750+ °
- Slope; B
L B e T e S e e 2
Sin* a
Run by run dependence [hht
100 RRIE
=P
2% Before correction S = After correction
390_ 1.06':
S M m 1t 2%
USU‘&WF” ______________ m‘; m o e da Hshalak haoak t
<75 -"\“' W 0% Tyt , RETYFT AR D
|8 I 1 "'-'II". 'y ol 4
" 0,98 |1f I f < ¢
3 1MIPs ~ 80 ADC count i
0 ® ladderd H ® ladderd4
60 ® ladder§ 0_34; * ladder5
ladder & [ ® ladder®
55 o ladcer7 0.92 ® ladder7
q  ladders Y ivaga 0 ladders
50"46000 48000 50000 52000 54000 56000 58000 60000 62000 e

Run number

46000 48000 50000 52000 54000 5600058000 60000 62000
Run number

At first, | checked remaining MVD
angle dependence and run-by-run
variation.

a is incident angle to the MVD
module.

From the left histogram, | adopted
the following function.

dE/dx,;;=A(1-Bsin*a)*ADC,,,,

where,
is a function of ladder.

is a function of ladder and run
imber.

ter the correction run variation is
thin =2%.



MVD dE/dx; Likelihood (reminder)

Fig.1

\ mmomentum 0 |

h_4

x10°
4500[

Entries 6.180012e+07

RMS 0.428

4000 f
3500 f
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25001

20001 J
: f

1500f

1000} r]l
500
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15 2 25 3

MVD hit signal

[landau of component |

h_04

Entries

2 —o )
80 35 e IE
RS SN S
25
2k
1.5
0.5F
2015/1

MPV

Fig. 1 dE/dx for each MVD hit point.
(rt 0.5~0.6GeV)
Red: Landau function Fit

(httpl:)//root.cern.ch/root/html/examples/langa us.C.ht
mi

Better description with gLandau. For example the
left shape.

o of gaussian => 0.168 MIP fixed.
Fig. 2 determination of PDF function,

Hit distribution is fitted with gLandau with Landau
MPV point and sigma variable.

Almost linear reIatiom#tween MPV and sigma.

PDF(x;u) = gaus(c=0.17)®

skl ool cbo oo 7R meething 2015 Nowv. 56

Landau(x,MPV=p,sigma=0.086*p.)


http://root.cern.ch/root/html/examples/langaus.C.html

MVD dE/dx; gain correction (reminder)

10E 5101
5 : _:: Bethe-Bloch fit can not fit well.
ey i 1, ->try to introduce non-linear gain-correction.
© o
6 60
3 Empirical formula:
2r
i dE/dx’ = dE/dx+0.1517(dE/dx-2)? (dE/dx = 2)
02 04 06 08 1 i3 14 16 18 2 dE/dx’ = dE/dx (dE/dx < 2)
Momenutm[GeV]
dE/dx — dE/dx’ (corrected dE/dX) _Aft_er correction
- f / x 145— P e | oo
T .t o 12 —i80
% } 7 © 1oi —70
F _ - {60
, ‘(/ 8- —50
: 7 6 —40
°r r {30
After correction, Bethe-Bloch fit *- -
N can better describe data. 2 e
) 2401 PN Y %03 04 06 08 1 12 14 16 15 2 0
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Comparison with the standard truncation method

* Angle and run-by-run corrections are applied to the both methods..

signal rbr correction I o 22 signal rbr correction I RIS =0 signal rbr correction I o ndf 272017
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3I50F T v v v v + | constant 3204+ 63 500 563 350F H H H H T T constant e
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t g 8 8 8 /ety soof i i 58 8 8 8 MetT T
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resolution ___ esolytion. ___ resglutior
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ses : _?72: i i i i i 638.1: 83 3839: 74

400F
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ssof i
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Likelihood=E | | |

200F & & i

300:_ H H H H
250F g g g
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100 10F P i r bR
s0f S
E, i " Bty o Dd o dgndng prallanallann Q: e j o
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resolutlon resolution resolutlon
TU K P

Truncation 14.3% 12.1% 13.4%
Likelihood 12.3% 10.5% 11.7%

* In the analysis with Common ntuple, only global run-by-run correction (i.e.
not ladder-by-ladder) is made, so the resolution is worse than this plot.
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Momentum distributions w/wo PIDs

1.15<M(pm)<1.35 GeV (prmt event in KOs sample)

momentum
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Ration of PIDs (Lambda event in KOs sample)

CTD (+likelihood) oo my PID
sg 7870,R 0.57 sg 5670,R 0.41

e

CTD (band+mip)
sg 11187,R 0.81

-.-LH-—I—l__

no PID
sg 13733,R 1.00

12 1.13

T T.15
M#Pilp)

(#{})

* Ratio EPSI% aI b|n (red) - B.G estlmated ’rrom both
|

sideband bin (blue)
e CTD (band+mip): 81%
e CTD (+likelihood): 57%
My PID (based on CTD and MVD): 41%

* These values seem to correspond to proton PID
efficiency



Momentum comparison

M(pm)<1.121 GeV (Lambda in KOs sample)

momentum momentum
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Mass distribution (sliced by Q?)

n
| -£80<Q2<90 $eV2

n of pK’s
~FA0<Q2<50GeV? } [ 50<a<60 e } * Events are c

I Q<10 I { {H}m 11111 n l}gffepﬁ] MN :260<Q2:70fevz |
W}{HMH} I WWWW i
Pl LAY W»WW

Red arrows point to ~1.54 GeV
1ass of pK’s mass of pK's

AN IHMH
= 1 g5 1 e E e e L v B
e invariant mass {GeV}

nec

k with Q?slice 10

GeV? step from 0 to 100 GeV?
H * Any peak is not seen.



Remove Q2 maximum selection

0
maSS Of Ksp hmassThetaDIS20 o QZ > 20 GeVZ Sample
- Entries 10877
o + { ven 1291 o Red: no cut Q2
80_— +

B R

than 100 GeV?
20:— +++

e The number difference
is negligible.

Invariant mass {GeV}



Event-by-event PID weight distributions for each
ng mass (before PID selection)

proton PID weight proton PID weight
hpid1520 hpid1540
I Entries 2554 o Entries 27¢
250 Mean 2674 300 :_ Mean 264
- RMS 1.331 RMS 1.32
A 250+
2001~ M=1.520 GeV M=1.540 GeV
C 200+
150 r
150f
100~ r
r 100
50 50:
L 1 1 | 1 1 C 1 1
% 1 6 % 6

PID weight factor

Before PID

M(PQ) (GeV)

* The peak corresponds to the low momentum proton (<0.8 GeV).
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PID weight distributions
(after the PID selection)

After PID

proton PID weight proton PID weight 5 or
] Rpid1520L hpid1540L | © - 05
121 i Entries 67 18 Entries 70 r':U '-‘.-.:‘. I‘:'.EI. Tﬂ;ﬁ*-’%_ -'E:F" l
L Mean  2.309 N Mean 214 E’ 5 I. _.5 Y v il )
i RMS  1.263 na RMS  134| C b 1w pr s
10+ . o F.5 Y %0
B f— - — n - .
I M=1.520 GeV 14 M=1.540 GeV i .. :
8l 12f 15
i 10—
6 -
- 8 10
4 6
I ha
2 :
R R e e
oLl LG ] oo pm, manml - :
0 1 2 3 4 5 6 0 ! 2 3 4 S 6 4945 15 155 16 165 17 175 18185 19

M(PQ) (GeV)

o After PID selection, low statistics -> weight fluctuations
become large.
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PID weight factor

PID weight distributions (Mean)

e After PID, the mean of weight factor looks like scattering than the one before PID.
-> This gives the fluctuation in the mass plots after the correction.

e => global proton PID correction with PQ MC is tried.
comp. PID weight Mean

= 6
o L
Before PID After PID & [ * Before PID
i wo 2 F %’ 5
[ & F FENE | = - B
| el s
~ =350 29 it [T, L o b
: et i
- 0 5 S e -
4_— 4_ L
[ 250 - al-
'y 200 F - ko P
: 150 : 2- ‘.o'.'-""i" L P AP -
2 2r C ¢ .0. F o .ﬂ... P~~w..:$\ ) ..~...-'..
F 100 - 1=
I 1 L
[ 50 X B
- U q— 0 9??""“‘HIIlIIH‘Illll‘HIlIIH“III“H“IH‘
0414515 155 16 165 1.7 175 18 185 1.9 4145 15 155 16 165 17 175 18 185 19 47145 15 155 16 165 1.7 175 18 185 1.
M(PQ) (GeV) M(PQ) (GeV) M(PQ) (GeV)
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Global PID efficiency correction.

 Why event-by-event weight ? Better with the global correction? (Robert Klanner)

We used event-by-event correction because we have 2 different correction (PID and eta-pt
acceptance) for each events. For the main analysis we decided to choose a global correction to

the pr —m , now proton PID efficiency is the only event-by-event weight. In this situation, it is
also thinkable to have the global correction for proton PID as well.

-- We tried this option. (page 21)

e Test an alternative method of proton PID efficiency correction.
e Weight factor is calculated from PQ MC samples.
* Include PID efficiency weight into acceptance correction.



PID efficiency comparison (DATA and MC)

comp. PID weight Mean
6 —— * The correction factor determined
by the PQ MC follows the
average event-by-event factor
A Ve from the data (but less
fluctuation)

e after my PID

PID weight factor
o

e Y

'M

U’ :.. hd..ﬁ“\.‘.‘\' S ‘“

N

—

e b b b b b Lo b o 4
451515516165 17175 18185 19
M(PQ) (GeV)

o)
_r_\t|||||\\||||
—
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Comparison

mass of pK% mass of pK%

8000y 8000
I_ ®  DF with event by event PID ®  DF with constant PID weight
7000 7000
6000 6000
5000 5000
] |
4000 * } *‘W H .H o # { H 4000 Lot
- . ? . +
C y | _ + [t ®
3000~ I %'* '+ + H + +.+ 30001~ ‘ o+'o||"|°‘-.--*+...-+
+ ! ' o7l e T ‘ slle
e * | ..' . | .
2000 2000 . .--|+ '
+ o
& .
1000 . 1000 '
| L
._JIlIlJII.lllJI|IlJI|.IIl|'.JIl ._JIlIlJII.lllJI|IlJI|.IIl|'.JIl
Q4145 15 155 16 165 17 Q4145 15 155 16 165 17

Invariant mass (GeV) Invariant mass (GeV)

Event-by-Event PID weight (default) Global PID weight

e Lower fluctuation with the global correction.

e The cross section limit is ~20% smaller.
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| cross section limit of © |
E 60 —&— DF o=6.1MeV CL96
2
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Gaussian correction

 Simple Test to correct an effect of signal Gaussian (after
correction : blue).
e Exclude the Gaussian area below pKJ mass kinematic limit:
We don’t like to consider the more complicated threshold effect
— Proposal : show the limits above 1.45 GeV

cross section limit of © | | cross section limitof © |
—&—— DF ¢=6.1MeV CL95 ——®—— DF ¢=6.1MeV CL95
= 60f — 60
s [ 2 [
g 50__ ——=—— DF corrected o=6.1MeV CL95 g 50; ——=e—— DF corrected ¢=6.1MeV CL95
e [ e |
2 - 2 -
§ 40 0=6.1 MeV § 40— o0=12.2 MeV
()] [ (7)) —
[72] - N -
g I g |
o 30 o 30
20+ 20
i Cuan
1054 10+
vy B
B | | 07 | I | | | | | | | | | | | | | ‘ | |

| ‘ | L1 | ‘ L1 | | | | | L1 ‘ | | | | | | | | | | | ‘ L1 |
0 . . 1.6 1.65 1.7 1.6 1.65 1.7
Invariant Mass (GeV) Invariant Mass (GeV)
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Fit figure. (M=1.435GeV)

mass of pKOS hmassLamcw26 mass of pKOS hmassLamcw26
Entries 10604 Entries 10604
8000 - Mean 1.663 8000 - Mean 1.663
- RMS 0.1226 - RMS 0.1226
7000 6 =6.1 MeV ¥2 I ndf 100.3/90 | 7000 — o=12.2 MeV | ©/ndf 99.7/90
- po 2.739e+04 £ 4.548e+03 C po 3.193e+04 + 5.522e+03
6000 :_ p1 0.6921 + 0.0565 6000 :— p1 0.7507 + 0.0594
O p2 4.36 £ 0.32 - p2 4.619 + 0.333
5000 + + 5000 + +
4000} illlw + H+ + 4000 illl-ﬁ + H+ +
- ‘ iy L - h
3000~ 4 + + + B + + 3000 — ’ + # + T + +
N + + ++ i B ‘ + + ++ , |
2000F + it 2000~ |/ + it
1000 + 1000 +=
4

; .
145 15 155 16 165 1.7 175 18 185 19 .?.4 145 15 155 16 165 1.7 175 18 185 19
Invariant mass (GeV) Invariant mass (GeV)

* Cross section is overestimated because of the edge of fitting
Gaussian is out of fit range.



Fit figure. (M=1.450GeV)

mass of pKOS hmassLamcw26
Entries 10604
8000 Mean 1.663
E o0 =6.1 MeV RMS 0.1226
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* Fitting Gaussian of larger o shape also out of the range.



Fit figure. (M=1.695GeV)
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e Since mass range is enough to fit,

Invariant mass (GeV)

there is no problem.



Comparison with CN and my private ntuple (DF)

* Insummer 2014, | reported there are no big overlap in the events selected
by my nutple and common ntuple. After some differences (in track
selections) are corrected, the agreement is better and the main difference
is in the PID selection.

e Comparison of numbers of events between after CTD PID and my PID are
shown below tables.

e eventsin CN are ~10% more than my ntuple but now 80% of events
are common after CTD-PID selection

e Difference become larger after the CTD&MVD PID but this is because
the calibration of MVD PID is better in my ntuple.

2004-5CTD Total Common Ryuma Only CN only
Ryuma 7459 6720 739
CN 8207 6720 1487
2005myPID Total Common Ryuma Only CN only
Ryuma 2866 2458 408
CN 3476 2458 1017




1) trk ndof2 miss match

e MVD dEdx hit distributions are different

e Analysis uses trk_ndof2 orange variable as number of MVD hit.

 When | created my private ntuple, trk_ndof2 contains the number of
MVD hit.

e But, in the CN, trk_ndof2 seems to have the number of CTD hit
> Modified to use the sum of trk_br, trk_bz, trk_wv and trk_wu

number of #pi}*+ MVD hit number of MVD hit n+

240 hmvdhitpDF _ hnhitMVD_pi
I Entries 607 L Entries 916

220k Mean 3.199 T0p Mean 4957

RMS 2822 C RMS 1378
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2) Primary vertex condition

* [n my analysis, K% are reconstructed with the tracks not
associated to the primary vertex, as it is the case for the
HERA-1 analysis.

e 62 events (out of 94 mismatched events) are not
selected in the common-ntuple sample because one of
the pion track of K% belongs to the primary vertex,
tested with the orange variable (trk_prim_vtx).

e Still checking the reason of the difference.

-> probably we modify to remove the non-primary-
vertex requirement.



50

45

40

35

30

25

20

15

10

1/(weighting factor)

—&— without Vertex sel.
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mass {GeV/}

Check efficiency comparison

e Re-calculate efficiency.

e Comparison w/o
2ndary Vix
requirement to KOs.

e Blue: with vtx. Req.
 RED:without vtx. Req.

e Black: older calc. with
vtx. Req.

 The difference
between newer eff.s
is not large than
before.



MVD dE/dx calculation difference

e Difference of MVD dE/dx calculation method between my private
ntuple and CN
* My ntuple

* Calculate dE/dx by using Probability Density Function (my routine)
e Gaussian convoluted Landau function used as PDF

e Correct 2ndary angle effect
» dE/dx,;;=A(1-Bsin*a)*ADC,,,,

e run-by-run dE/dx correction for each ladder

e @Gain correction

e Calculate dE/dx by truncated mean (orange default)
e global run-by-run dE/dx correction (i.e. not ladder-by-ladder) : (my routine)
* @Gain correction

=> dE/dx resolution of the two method is shown in the next slide



variables comparison
between the 2 ntuples

Q’ {Ge\,’z} proton mom {GeV}
8 ZW A e Compared variables (Q?,
A 1 pr)o(}, CTD dE/dx and MVD
W dE/dx) between DF(m
o & private) ntuple vs. CN.
A
gl I o L I e p(p) and CTD dE/dx has
UEE'”1'0”';lo”'éld"'4'0""5'0"'6'Jn'"'?lo""alo""eln"'l'oo 0 UE% U S S s e ¥ Sma” differences-
CTD dE/dx MVD dE/dx o QZ diStribution iS broader a
3. B B[ 2 & little. (S|q2da)
sl = . 7 4o o MVD dE/dx is the broadest
% o | ../ || variable than others.
4 N e This is because | cannot make
e o % f sophisticated corrections for
S o - common ntuples as there are
i:ﬁ 2 _ : missing MVD hit information.

DF DF



rison weighted mass distribution and cross section limit

mass of pK’s cross section limit of ©
000 - DF nuple = 60; " DF Ntuple
000 = - _ . CN Ntuple
grTARENE
iOUOZ— \ \\ g E
000 MH H + 3 40 C.L.95%
e

g &M
W + % # %Wﬂ‘mm " oy

000}~ l ‘ )
" i P g
:I L 11 | L1l ‘ [ | L 111 | L1l | L1l | [ | L1]1 | L 111 ‘ I | | | ‘ | |
9.4 145 1.5 155 16 165 17 175 18 185 1.9 0 1 45 1_5 1 55 1 6 1 65 1 7
Invariant mass (GeV) Invariant Mass (GeV)

N ntuple is higher than DF. But the differences between cross section limit
re not so large.
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Mass distribution
with charge separation (reminder)

pKO+ i
1571 events ]

pK; ;
1734 events ]

3305 events

11 1 1 | 111 1 ‘ 1 1 11 | 1 I 1 1 1 1 | 11 1 1 | 111 1 | 11 1 1 1 1 1 i 11 171 | 111 1 | 11 1 1 11
9.4 1.45 1.5 1.55 1 S 1 65 1. 9.4 1.45 1.5 1 55 1 S 1 65 1. 9.4 1.45 1.5 1 55 1 S 1 65 1 7
Invariant mass (GeV) Invariant mass (GeV) Invariant mass (GeV)

e Charge separatlon;
e Fitted by the same function as shown in p.25.
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C.S. limit with charge separation CL95
(old calculation)

cross section limit of O cross section limit of O
——— =G.1MeV tot. CL99 ——— =12.2MeV tot. CL99
~ 60 ~ 60
Kol - 0 L
& - — = g=6.14MeV pos. CL99 & - — = g=12.2MeV pos. CL99
é 50__ —s—— o=6.1MeV neg. CL99 é 50__ —s—— o=12.2MeV neg. CL99
c - - L
i) - i) -
o 40  *pKQ +pK{ o 40  *pKQ +pK{
- 0 - 0
& T * pK; & T * pK;
c 30 ¢ szo c 30 ¢ szo
201 201
B .
10}f-., AT ’ 10" ™1
.'.- [ ll-.-.,‘l F‘: . C -
| | | | | | | | | I | | | | | | | | | | | | | | | - | B | | | | | | | | | | | | | | | | | | | | | | | | | |
0 0 1.45

1.45 1.5 1.55 1.6 1.65 1.7 } 1.5 1.55 1.6 1.65 1.7
Invariant Mass {GeV} Invariant Mass {GeV}
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Comparison of fitting function on mass
distribution @1540 MeV (C.L. 99)

mass of pKus ¥2 I ndf 106 /90 mass of pKUS ¥ I ndf 104.9/ 89
|

R0 2.558e+04 + 9.593e+03

p0 2.102e+04 £ 3.530e+03

P 0.6631 = 0.1409
p1 0.5866 = 0.0566

TS

3000 | | k } | H 3000 | } | ' H
AR N
20001 | * 20001 .-" | k
-] - f
1000 . 1000
{1 1 Gauss + B.G (default) S 2Gauss + B.G
D_l | I I J J*:I :.I J J L J _J__1 |. 1.1l 1. .l |. | 0_| | !"J l‘.‘J J::I KT | [ — — J. | W R |. leoleolool
1.4 1.5 1.8 1.7 1.8 1.9 1.4 1.5 1.6 1.7 1.8 1.9
Invariant mass {GeV} Invariant mass {GeV}

* Added Zndary Gauss tunction (0=15.5MeV p=1.465 GeV,
these values come from HERA-| analysis.) to fitting
function.

o .ILhewvalue of the added function.becomes slightly better.



Comparison of C.S. limit

cross section limit of ©
. EO —s—— 2gauss + B.G. o=6.1MeV CL35
e} |
ST
E 50 __ —&—— fgauss + B.G. o=6.1MeV CL35
= [
S |
3 40
o T lue: 2 Gauss + B.G fitting
0 N
6 30 ed: 1 Gauss + B.G fitting
201
I " ference is negligible
10(=/! e !
R ""o-,i’ l“;" ‘A
- /'%i.‘ \/ \/
U_I | L1 1 1 W | L1 1 1 | 11 1 1 | | 11 1
145 15 155 1.6 165 1.7

Invariant Mass {GeV}
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Example: Acceptance mass dependency
(Binning 3)

| ptvs.nX | [_1/(weighting factor) | #2 I ndf 1.499e+07 / 5
5 100 PO 28.01+0.0005704

I = p; -26.7 + 0.004597
E GO e e e e e e p +
4.5 = : : :p - 1436+ 0
E 80 :_“““““”"”“”i..-l.""“"““““”"E”“”"""“"“"““?“lii .......... I.( ...... E..k. ............ ;k ....... E ........................
4 = : | poll(p PK npK) = :
] S — Egecayangle b (.pT....,.r].E...).. ..A...m@.ss.e..+..B.....
3.5- B0 o e e emeemensenesereneeneeaneneeesenneeed Y msoocoomonmmnonod . oncoocooceosccosnono lonanoocomonesmssneeod  omon000000mmaNasDo0.
3 50 i_..... ......................... ;, ........................ ? ........................ ; ........................
2.5_ 40 i_....................é.........................%.........................;\. ........................ ;1. ........................ é ........................
o 30 Emmsiisisiiiiascacs ok oo acsee oo cecaen o eeeececeneeceecse e N EHRRR e,
- E 0 —— —— S u .
E 20 __.......................................................................................................................................—.rrrm
1.5C = 0 : 0 o o
10 ;_; ......................... : ......................... é. ........................ g. ........................ % ........................
4

IJ'"“I

0.5 i : . g ! ' ! ' ’ mass:

[ 1/(weighting factor) | x* I ndf 1.487e+07 / 4
100 p0 110.3+ 0.003781
: : : p1 3.167 + 0.0001356

ceeeee] P2 18.04 + 0.00087
p3 1.436+ 0

90

80 g
e EdeayangleAPT - OPL) £ ATMASSE” + BIMASSe +.C .
40

' ' . '
D e T B LR L PR

30

20

10

g

* For each (pr, n) bin, a correction factor is calculated as a .
function of the © mass. In order to check systematic, the factor is
fitted' with a linear functiofi" aridd'quadratic function. 5

A R E N E N P SR
145 15 1.55 16 165 1.7

mass’
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Before Re welghtlng

bl F
T

Systematic Estimation: p spectrum

|—p of X 1189)

After Re welghtlng

slg [
| —p of PQ(1540)| =
| —p, of PQ(1680)

10° , .
YIS WU WO N AN S
A i B R I Y i i L
06 038 1 12 14 16 1.8 2
pT
acceptance correction mass dependency
50¢
- fit curve
451
E t  MCresult
40—
E —— fit curve with p_ reweighting
35 T
302_ | MC point with |:JT reweighting|
251
- -_‘___!_'_.__i__f___—f——____
20_— "-‘ L
- —#
15
10 e Red: default
s *  Blue: p; reweighted
:JI JI‘LII'I'IIJ'IIJJIllIIIIIIJJIllJIIl
9.4 145 15 155 16 165 1.7 175 18

mass {GeV}

______

.............

e ———1

1 — P o E{1189)
i — DT of PQ{1540) after reweight

! | e P OF PQ(1680) after reweight

......

________________________

_H """""""""""""""" "';"3";'Z::::‘::::‘Z:%:F:%::‘:;'
06 08 1 12 14 16 18 2
Py

The detector acceptance depends on the
pr-distribution of the penta-quarks (PQ).
Two different p; models were tested.

1. (default) as generated by
RAPGAP 3.10 by replacing the
7(1189) to PQ(X). (upper figure)

do/dp; slopes changes as a
function of the PQ mass. (The
lighter, the steeper).

2. A constant p;-slope independent
to the PQ mass. (uniformed by
reweighting the RAPGAP MCs.

2~ *(1189)’s slope was used as
standard.)

* For each (p;, n) bin, a correction factor is
calculated as a function of the © mass.
Edecay angle poll(prK’npK) = A*MO +B

e pr reweighting performed to estimate
systematic error coming from PQ momentum
changing.



Systemat|c Estimation: Binning

1X1(default)

ptvs.nk |

5¢

4.5C
4c

| {700

| 600

400

900

800

500

ptvs.nI |
= j =" =k ;lSUU
4 ;
: | =700
35 ;
: | ~600
3r ﬁ
£ | {500
255
E | 400
4 H
1.55 300
1= . [200
0.5 100
C R — 0 1 2 3 0

|ptvs nZ |

At

4.5-

4r

3.5
3

2.5F
2

1.50

1

0.5 ..,

03

2

-4

0

e For each (p7, n) bin, a correction factor is calculated as a
function of the ® mass. In order to check systematic, the factor
is fitted with a linear function (above) and a quadratic function
(shown backup). The difference is uses as systematic errors.

I.e.

in this figures.

2015/11/17

11 K K\ — A*
E:decay angle be (pr ’np ) =A maSSO+ B

ZAF meething 2015 Nov.

| 400

90

900

800

700

600

500

| —1300

21200

100



	Paper presentation �for the PQ search�“Search for a narrow baryonic state decaying to  𝑝𝐾 𝑆 0  and   𝑝 𝐾 𝑆 0  in deep inelastic scattering with the HERA II data”
	Update from the last draft circulation
	Analysis Backgrounds
	Event selections
	PQ MC
	Data Set (private ntuple)
	Event selection
	DIS variables
	 𝐾 𝑆 0  selection 
	 𝐾 𝑆 0  Kinematic variables (1)
	 𝐾 𝑆 0  Kinematic variables (2)
	Proton identification for DATA
	Proton kinematic variables
	proton PID (likelihood)
	Proton PID efficiency (p in Λ sample)
	PID efficiency in momentum inclusive Λ sample
	The pion-rejection factor: �pions from  𝐾 𝑆 0 
	Mass distribution �M(pπ) by  𝐾 𝑆 0  sample
	Ratio of event number (log plot)
	Ratio of momentum (π event in K0s sample)�(eff. = # of event w PID / # of event wo PID)
	Results
	 Λ 𝑐 + Mass
	 Λ 𝑐 +  Mass resolution and mass plot
	PQ Selection and Mass distribution
	Narrower mass distribution �and charge separation
	Mass peak corresponding to PQ the HERA I results at ICHEP2004
	expected signal from HERA I result
	Modification of CTD PID selections to like-HERA I logic 
	 𝑝𝐾 𝑆 0  mass plot comparison
	Upper limit of the production Cross section.
	Mass weighting Procedures
	(1) Proton PID efficiency �with the data using Λ(1115)
	(2) εdecay angle (pTpK,ηpK) mass dependency 
	(3) DIS efficiency
	Etc.; TLT trigger efficiency
	Setting of PQ cross section limit calculation and mass distribution
	The cross section calculation method
	Gaussian widths in Cross section limit calculation
	Signal width determined by mass resolution; 
	Signal width determined by mass resolution; width calculation
	Signal width determined by mass resolution ( σ Θ -> 𝑝+𝐾  0 ); �cross section comparison
	Systematic error estimation ( σ Θ -> 𝑝+𝐾 𝑆 0 )
	Systematic error estimation ( σ Θ -> 𝑝+𝐾 𝑆 0 ): DIS and PID
	Systematic error estimation ( σ Θ -> 𝑝+𝐾 𝑆 0 ) : Binning
	Sum of systematics Error ( σ Θ -> 𝑝+𝐾 𝑆 0 )
	Results; Cross section upper limit ( σ Θ -> 𝑝+𝐾  0 )
	Summary
	Paper plots
	Figure1
	Figure2
	Figure3
	Figure4
	Back up slide
	Mass error check
	MVD dE/dx; ladder and run-by-run correction (reminder)
	スライド番号 56
	MVD dE/dx; gain correction (reminder)
	Comparison with the standard truncation method
	スライド番号 59
	Λ sample; 0.1 < p(p) < 1.5 Ge, V0lite selected�(sliced proton momentum 0.1 GeV)
	PID selected Λ; 0.1 < p(p) < 1.5 GeV 
	Momentum distributions w/wo PIDs
	Ration of PIDs (Lambda event in K0s sample)
	Momentum comparison
	Mass distribution (sliced by  𝑄 2 )
	Remove Q2 maximum selection
	Event-by-event PID weight distributions for each  𝑝𝐾 𝑆 0  mass  (before PID selection)
	PID weight distributions �(after the PID selection)
	PID weight distributions (Mean)
	Global PID efficiency correction.
	PID efficiency comparison (DATA and MC)
	Comparison
	Gaussian correction
	Fit figure. (M=1.435GeV)
	Fit figure. (M=1.450GeV)
	Fit figure. (M=1.695GeV)
	Comparison with CN and my private ntuple (DF)
	1) trk_ndof2 miss match
	2) Primary vertex condition
	Check efficiency comparison
	MVD dE/dx calculation difference
	variables comparison �between the 2 ntuples
	Comparison weighted mass distribution and cross section limit
	Mass distribution �with charge separation (reminder)
	C.S. limit with charge separation CL95 (old calculation)
	Comparison of fitting function on mass distribution @1540 MeV (C.L. 99)
	Comparison of C.S. limit
	Example: Acceptance mass dependency �(Binning 3)
	Systematic Estimation:  𝑝 𝑇  spectrum
	Systematic Estimation: Binning

