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@ Low Mass:
Mg = 1530 MeV

@ Narrow Width:
o < 15 MeV
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~ 4.300 MeV +500 MeV =
= 1700 MeV
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INTRODUCTION EXPERIMENTAL REVIEW

POSITIVE SIGNALS FORO™

Experiment Reaction Mode S B Sign.
s s
Pub. NG 5IS
LEPS(1) 7Cro— KTK—X nK+t 19 17 46 4.6 32
LEPS(2) ~vyd— KTK =X nK+ 56 162 - 4.4 3.8
CLAS(d) vd— KTK~np nK+ 43 54 5.2 5.9 4.4
CLAS(p) yp— KTK—nrt nK+ 42 35 7.8 6.9 4.7
SAPHIR yp— KK *n nK+ 55 56 4.8 7.3 5.2
CosY pp— E7KZp pK%’ 57 95 4-6 5.9 4.7
JINR p(CsHg)— K2pX pK% 88 192 5.5 6.4 5.3
SVD pA— KJpX pK 35 93 5.6 3.6 3.1
DIANA K+Xe— Knge’ ng 29 44 4.4 4.4 3.4
vBC VA KIpX . pK%’ 19 8 6.7 6.7 3.7
HERMES quasi-real photoproduction pK% 51 150 4.3-6.2 42 3.6
ZEUS ep— KIpX pKQ 230 2080 4.6 7.0 6.4

OLEG SamoyLov (JINR) SEARCH FORPENTAQUARK HADRONO7, FRASCATI 5/37



INTRODUCTION EXPERIMENTAL REVIEW

POSITIVE SIGNALS FORO™

Experiment Reaction Mode S B Sign.
Pub. iB BS+S
LEPS(1) ~Cro— KTK—X nKT 19 17 4.6 4.6 32
LEPS(2) ~d— KTK =X nKt 56 162 - 4.4 3.8
CLAS(d) ~d— K+*K~np nK+ 43 54 5.2 5.9 4.4
CLAS(p) ~p— KtK—nzt nK+ 42 35 7.8 6.9 4.7
SAPHIR vp— KZK*n nK+ 55 56 4.8 7.3 5.2
COoSsY pp— E7KZp pK%’ 57 95 4-6 5.9 4.7
JINR p(CsHg)— K2pX pK% 88 192 5.5 6.4 5.3
SVD pA— KJpX pkQ 35 93 5.6 36 31
DIANA K+Xe— KJpXe’ pKE 29 44 44 44 34
vBC vA— KIpX pK%’ 19 8 6.7 6.7 3.7
HERMES quasi-real photoproduction pK 51 150 43-6.2 4.2 3.6
ZEUS ep— K2pX pK§ 230 2080 4.6 7.0 6.4

© Experiments with various beams

© Both Decay Modes of ©F

© Small Statistics: < 100 Signal Events

© Statistical Significance ranging from 4to 7 o
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INTRODUCTION EXPERIMENTAL REVIEW

PDG 2004

EXOTIC BARYONS
Minimum quark content: Ot =uudds, @~ =ssddd, ®+ =ssuud.
©(1540)+ 1Py =0(?")

It is difficult to deny a place in the Summary Tables for a state that six
experiments claim to have seen. Nevertheless, we believe it reasonable
to have some reservations about the existence of this state on the basis
of the present evidence.

Mass m = 1539.2 & 1.6 MeV

Full width ' = 0.90 £ 0.30 MeV

N K is the only strong decay mode allowed for a strangeness S=+1 reso-

nance of this mass.

©(1540)+ DECAY MODES Fraction (I';/T) p (MeV/c)
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INTRODUCTION EXPERIMENTAL REVIEW

NEGATIVE RESULTS OFSEARCHES FORO™

Experiment Reaction Experiment Reaction
ALEPH Hardronic Z dacays BaBar ete™ — T(4S)
BELLE KN — PX BES ete™ — J/¢(¥(2S) — 00)
CDF pp — PX COMPASS wt(BLID) — PX
DELPHI Hardronic Z dacays E690 pp — PX
FOCUS vp — PX HERA pA — PX
HyperCP (7 *,K*,p)Cu — PX LASS Ktp — K+tnnt
L3 vy — 60 PHENIX AuAu — PX
SELEX (m,p,X)p — PX SPHINX pC(N) — 6+C(N)
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INTRODUCTION EXPERIMENTAL REVIEW

NEGATIVE RESULTS OFSEARCHES FORO™

Experiment Reaction Experiment Reaction
ALEPH Hardronic Z dacays BaBar ete™ — T(4S)
BELLE KN — PX BES ete™ — J/¢(¥(2S) — 00)

CDF pp — PX COMPASS wt(BLID) — PX
DELPHI Hardronic Z dacays E690 pp — PX
FOCUS vp — PX HERA pA — PX
HyperCP (7 *,K*,p)Cu — PX LASS Ktp — K+tnnt

L3 vy — 60 PHENIX AuAu — PX
SELEX (m,p,X)p — PX SPHINX pC(N) — 6+C(N)

© High Statistics and Excellent Mass Resolution

@ No signal

HADRONO7, FRASCATI 7137
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INTRODUCTION EXPERIMENTAL REVIEW

NEGATIVE RESULTS OFSEARCHES FORO™
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NEGATIVE RESULTS OFSEARCHES FORO™
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@ No signal
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INTRODUCTION EXPERIMENTAL REVIEW

PDG 2005

@(1540)+ 1JP) = 0(?%)  Status: **
A REVIEW GOES HERE — Check our WWW List of Reviews

©(1540)+ MASS

As is done through the Review, papers are listed by year, with the latest
year first, and within each year they are listed alphabetically. NAKANO 03
was the earliest paper.

Since our 2004 edition, there have been several new claimed sightings of
the ©(1540)F (see entries below marked with bars to the right), but there
have also been several searches with negative results:

o ANTIPOV 04 (SPHINX Collab.) in pN — (nK™T, ng,
or pK?) KON in proton—carbon reactions at 70 GeV/c;

« BAI 04G (BES Collab.) in //+ and 1(25) decays;

® SCHAEL 04 (ALEPH Collab.) in Z decays;

® ABT 04A (HERA-B Collab.) in p nucleus reactions at
midrapidity and /s=41.6 GeV;

o LONGO 04 (HyperCP Collab.) in interactions of a high-
energy beam of 71, K, p, and charged hyperons with
tungsten.

In general, these experiments with negative results have many more events
than do the experiments with positive results. (Against this, however, it
may be argued that the recent negative results are often from experiments
with different reactions or at different energies from the experiments with
positive results.)

Furthermore, the ©(1540) finds almost no support from the claimed ob-
servations of other pentaquarks, the ¢(1860) and the ©(3100), for which
the evidence is very weak. (See the Listings following the ©(1540)%.)
Thus we have reduced the status of the ©(1540)7F to two stars.

OLEG SamoyLov (JINR) SEARCH FORPENTAQUARK HADRONO7, FRASCATI 8/37



INTRODUCTION

EXPERIMENTAL REVIEW
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INTRODUCTION EXPERIMENTAL REVIEW

ANALYSIS OF ITEP GROUP ONvN IN BUBBLE CHAMBER
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INTRODUCTION EXPERIMENTAL REVIEW

ANALYSIS OF ITEP GROUP ONvN IN BUBBLE CHAMBER

THEY PUBLISHED

22? Neon plus Deuterium X
3 © Signal and Background
2 Events: S =19,B =8
£ 120
g @ Significance: 6.7¢

2 @ Appearance: Ng = C - 103N,

‘(.i' o 22 24

m(Ksp) , GeV
i, B
£
15 16 17 m(l(gp) ) (;:v 19
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INTRODUCTION EXPERIMENTAL REVIEW

ANALYSIS OF ITEP GROUP ONvN IN BUBBLE CHAMBER

THEY PUBLISHED

© Signal and Background
Events: S = 19,B =8

Q@ Significance: 6.70
© Appearance: Ng = C - 103N,

Neon plus Deuterium

b M U R U L B M U

2 o 22 26
m(Ksp) , GeV

24
Chi2/ ndf - 2233/ 21
mass = 1.533:10.004737
sigma = 0.008379 + 0.002043
eeeeee = 2556 £ 6.417 0 A /19/\/§ — 6 7
=1.2142 05881 — 0.
Sizazs

=k Q V19//8+19=37
e @ 2 (VI9+8-vB) =47
‘ | | | We have 1500k neutrino events

T instead of 113k of the ITEP group.
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INTRODUCTION NOMAD EXPERIMENT

Muon

Dipole Magnet Chambers

Front O0B=04T TRD
Calorimeter Modules Preshower

Neutrino
Beam

o
L,

z

Veto planes

1 meter
— Drift Chambers

Electromagnetic ~ Hadronic
Calorimeter Calorimeter

© The lagre sample of neutrino interactions, ~ 1.5M

© Good calorimetry, AE /E ~ 3.2%/+/E[GeV]

© Good reconstraction quality of individual tracks, € > 95%,
Ap/p ~ 3.5%

© Neutral strange particle reconstruction using V °-like signature of
their decays
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INTRODUCTION NOMAD EXPERIMENT

©" CANDIDATE

* Event's information:
Sl @ E, =106.9GeV

Il ® E, =73.1GeV
L LTI Ll /] @ pp =492MeV/c
@ px = 764MeV/c

p.+ = 581MeV/c

p.- = 284MeV/c
o Minv(pK) =

1535MeV/c?

Primary Vertex

OLEG SamoyLov (JINR) SEARCH FORPENTAQUARK HADRONO7, FRASCATI 12 /37



ANALYSIS TOOLS
OUTLINE

© ANALYSIS TOOLS
@ Particles identification
@ What we can get from NOMAD data
@ The Background Estimation
@ Invariant Mass Resolution
@ "Sensetive” analysis strategy
@ Statistical analysis
@ Results
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ANALYSIS TOOLS

"B LIND ANALYSIS” STRATEGY

"BLIND” ANALYSIS

@ Particles identification

@ Estimation of Signal events from NOMAD data

© The Background calculation

@ Invariant Mass Resolution

@ Finding of selection criteria to most sensitive for © search
Q@ Statistical analysis

"OPENING THEBOX”

© The Results.
@ Conclusions, Discussions ...
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ANALYSIS TOOLS PARTICLES IDENTIFICATION

Kg IDENTIFICATION FROM THE KINEMATIC FIT

VC-like Vertex

Primary Vertex
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ANALYSIS TOOLS PARTICLES IDENTIFICATION

Kg IDENTIFICATION FROM THE KINEMATIC FIT

KINEMATIC FIT PROCEDURE

@ VO-like vertex can be: KQ — ntx=, A — pr—, A - 7tp, v — ete.

@ The NOMAD experiment does not contain a dedicated detector for
proton identification.

© We computed x2 = x§(g — ) + 3 2\iFi(9, pa)

I
. . f - a vector of the reconstructed parameters (momenta, angles), g - a
Primary Vertex vector of the fitted parameters, p, - a four-vector of the decaying
particle «, F;- a vector of the momentum-energy conservation.

VC-like Vertex
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Reconstructed K — 77~ invariant mass distribution in
the v, CC (left) and v, NC (right) sets of the data.
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ANALYSIS TOOLS PARTICLES IDENTIFICATION

Kg IDENTIFICATION FROM THE KINEMATIC FIT

KINEMATIC FIT PROCEDURE

@ VO-like vertex can be: KQ — ntx=, A — pr—, A - 7tp, v — ete.
@ The NOMAD experiment does not contain a dedicated detector for
proton identification.

© We computed x2 = x5(9 — ) + 3 2AiFi(9, Pa)

I
. . f - a vector of the reconstructed parameters (momenta, angles), g - a
Primary Vertex vector of the fitted parameters, p, - a four-vector of the decaying
particle «, F;- a vector of the momentum-energy conservation.

Reconstructed K& — 77~ invariant mass distribution in  [N=ABIENl%

the v, CC (left) and v, NC (right) sets of the data.
v CC (left) and v, NC (rig )N @ ~ 23.6 kK (both in
. ,sifff,;ié CC and NC);
Q M = 497.9MeV/c?;
@ o = 9.5MeV/c?;
R0 780 500 520 B Q EffICIenCy Of 24%1
M, (T°77) [MeV/c?] M,,,, (TT77) [MeV/c?] .
© Purity of 97%.

VC-like Vertex

1200 chizinat 2619122
500]

400|

300f

Events / 2 MeV/c?
Events / 2 MeV/c

200|

V.
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ANALYSIS TOOLS PARTICLES IDENTIFICATION

PROTON IDENTIFICATION BY LIKELIHOOD FUNCTIONS

Modules Preshoy

Dipale Magnet TR0 NOMAD experiment does not contain

a dedicated detector for proton identification,
but a substantial rejection against pions can
be obtained using:

Trigger Planes

Electromagnetic

Drift Chambers Calorimeter
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ANALYSIS TOOLS PARTICLES IDENTIFICATION

PROTON IDENTIFICATION BY LIKELIHOOD FUNCTIONS

Dbl Mgt s Prshn NOMAD experiment does not contain

a dedicated detector for proton identification,
but a substantial rejection against pions can
be obtained using:
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ANALYSIS TOOLS PARTICLES IDENTIFICATION

PROTON IDENTIFICATION BY LIKELIHOOD FUNCTIONS

Dipole Magnet  TRD NOMAD experiment does not contain

Modules Preshoy

a dedicated detector for proton identification,
but a substantial rejection against pions can
be obtained using:
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ANALYSIS TOOLS PARTICLES IDENTIFICATION

PROTON IDENTIFICATION BY LIKELIHOOD FUNCTIONS

CLEANEST PROTON SAMPLE IS GOTTEN

@ The Drift Chambers (DC): at a given
momentum protons range out faster than pions,
usable for p < 1000MeV/c;

@ The Transition Radiation Detector (TRD): at
0.4 < p < 1.6GeV/c proton ionization loss
larger than that of pions;

Trigger Planes © The Electromagnetic Calorimeter (ECAL):

difference of Cherenkov light emitted by protons
Calorimeter and pions: useful for 1 < p < 3GeVi/c.
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Trigger Planes © The Electromagnetic Calorimeter (ECAL):

difference of Cherenkov light emitted by protons
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4

LIKELIHOOD FUNCTIONS

@ We constructed three Likelihood functions for
three detectors:
Lhpe (L, p), Lhrro(<e>, p), Lhecac (e, p)
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ANALYSIS TOOLS WHAT WE CAN GET FROMNOMAD DATA

COMPARISON WITHITEP GROUP RESULTS

Experiment WA21 WA25 WARI E180 E632
Chamber BEBC BEBC BEBC | 15" B.C. | 15" B.C.
Fill Hydrogen | Deuterium | Neon-Hs | Neon-Hg | Neon-Hs
Neutrinos:
Mean E,, GeV 488 51.8 56.8 522 136.8
Mean momentum of 5.7 57 4.5 34 77
detected I\';i‘ GeV
All measured CC events 18746 26323 9753 882 5621 IT E P N O MAD
CC events with K3 1050 1279 561 21 587 N vy 1 13 k 1500 k

CC events with K9 and | 82 (78) 307 (1

=)
&

) | 193 (193) 9(8) 229 (157) NKO 5946 23591
identified protons S

Nng 1271 12k

Antineutrinos:
Mean E,, GeV a7.5 37.9 395 338 110.0 N@+ 19 ~ 200
Mean momentum of 4.2 42 3.5 34 7.6
detected K9, GeV
All measured CC events 13155 16314 15693 5927 1190
CC events with K3 702 761 631 231 123

CC events with Kg and | 45 (43) 116 (57) | 185 (185) | 56 (54) 49 (28)

identified protons
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ANALYSIS TOOLS THE BACKGROUND ESTIMATION

WE STUDIED THIS BACKGROUND IN THREE DIFFERENT WAYS

@ MC events contain no ©°.
This requires a large sample of MC events to reduce statistical fluctuations and
depends on a used model.

@ Fake-pair technique: combinations protons and Kg's from different events in the
data.
It reproduces data distributions such as a resolution, an efficiency, an
acceptance. But it also can bias the data. We solved this problem paying special
attention that ...

© A polynomial fit to the M distribution of the data themselves, excluding the ©
mass region, can also be used to describe the background for the ©" search.
It requires at least some signal events and guessed function.
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WE STUDIED THIS BACKGROUND IN THREE DIFFERENT WAYS

@ MC events contain no ©1.
This requires a large sample of MC events to reduce statistical fluctuations and
depends on a used model.

@ Fake-pair technique: combinations protons and Kg's from different events in the
data.
It reproduces data distributions such as a resolution, an efficiency, an
acceptance. But it also can bias the data. We solved this problem paying special
attention that ...

© A polynomial fit to the M distribution of the data themselves, excluding the ©
mass region, can also be used to describe the background for the ©" search.
It requires at least some signal events and guessed function.

- v
WE USED:

@ fake-pair technigue as main way to calculate background;

@ polynomial fit to check "fake-pair” procedure;

© MC events contain no ©7 for estimation possible fluctuations.
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ANALYSIS TOOLS THE BACKGROUND ESTIMATION

FAKE PAIR TECHNIQUE

M2 =m2 +m3 + 2(E;E;, — p1p2 cosh)

inv
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ANALYSIS TOOLS THE BACKGROUND ESTIMATION

FAKE PAIR TECHNIQUE

M2, = mZ +m3 + 2(E;E, — p1p, cosb)

Second Event

First Event

WE TAKE INTO ACCOUNT
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First Event
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@ Momentum and Angular distributions of decays particles
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ANALYSIS TOOLS THE BACKGROUND ESTIMATION

FAKE PAIR TECHNIQUE

M2 =m2 +m3 + 2(E;E;, — p1p2 cosh)

inv

Second Event

First Event

WE TAKE INTO ACCOUNT

@ Magnitude and direction of the hadronic jet momentum
@ Momentum and Angular distributions of decays particles
© Multiplicity of decays particles
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ANALYSIS TOOLS THE BACKGROUND ESTIMATION

FAKE PAIR TECHNIQUE

CHECK ONK* — 717K ? RESONANCE
@ Clear K* peak and good agreement with the Background

S a
o O O
S o o

N
o
=]
P AAAREARRN R AR N AR RN RARR R RN R

Events / 10MeV/c?

s

0.8 1 1.2 1.4 1.6
M, ('K D) [GeVic?]
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ANALYSIS TOOLS THE BACKGROUND ESTIMATION

FAKE PAIR TECHNIQUE

M2 =m?2 +m3 +2(E;E;, — p1p, cosh)

inv

Second Event

First Event

IF NOT CONSIDERED THE FOLLOWING

@ Hadronic jet momentum
@ Momentum and Angular distributions of Decays Particles
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ANALYSIS TOOLS THE BACKGROUND ESTIMATION

FAKE PAIR TECHNIQUE

CHECK ONK* — 7TK9 RESONANCE
@ Good agreement with the Background
@ Underestimation at low values of Invariant Mass

700
60

=]

50

=]

40

]

30

]

20

Events / 10MeV/c?
Events / 10MeV/c?

10

S o
ST T T[T [T T T O

P AR RARRR AN R RN LA RN AN LR AR

038 1 12 14 16 8 038 1 12 14 16
M;q, (K Q) [Gevic?] M, (K ) [GeVic?]
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ANALYSIS TOOLS THE BACKGROUND ESTIMATION

FAKE PAIR TECHNIQUE

CHECK ONK* — 7TK? RESONANCE
@ Good agreement with the Background

@ Underestimation at low values of Invariant Mass

700
60

=]

50

=]

40

]

30

Events / 10MeV/c?
o

Events / 10MeV/c?

20
10

S o
ST T T[T [T T T O

P AR RARRR AN R RN LA RN AN LR AR

038 1 12 14 16 8 038 1 12 14 16
M;q, (K Q) [Gevic?] M, (K ) [GeVic?]

Rotation needed!!!
Verify background also with : A — p7—, Kg — T~ decaying at

Primary Vertexes.
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ANALYSIS TOOLS THE BACKGROUND ESTIMATION

THE BACKGROUND IN THE DATA

500

400[+4

300n

200

Events/10 MeV/c?

100

0—16 18 2 22 24 26 28 3
/ Min, (PK Q) [GeVic?]

1510 < M(ng) < 1550 MeV/c? (©*-region) excluded
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ANALYSIS TOOLS INVARIANT MASS RESOLUTION

WE CALCULATED
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ANALYSIS TOOLS INVARIANT MASS RESOLUTION

WE CALCULATED

@ Simulated and Reconstructed invariant mass ("A”): o (M2 — M{t7)

nv

@ using of resolution on measured decays particles momenta ("B”):

2 2
M2, o?(Minv) = (E2p1 — P2 cos0)” o(pa) + (P2 — ps cosf) o2(p2)
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ANALYSIS TOOLS INVARIANT MASS RESOLUTION

WE CALCULATED

@ Simulated and Reconstructed invariant mass ("A”): o (M2 — M{t7)

inv

@ using of resolution on measured decays particles momenta ("B”):

2 2
M2, o?(Minv) = (E2p1 — P2 cos0)” o(pa) + (P2 — ps cosf) o2(p2)
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ANALYSIS TOOLS INVARIANT MASS RESOLUTION

@ Simulated and Reconstructed invariant mass ("A”): o (M2 — M{t7)

inv
@ using of resolution on measured decays particles momenta ("B”):
2

2
M2, o?(Minv) = (E2p1 — P2 cos0)” o(pa) + (P2 — ps cosf) o2(p2)

© We estimated orec ~ 8.8MeV/c? at the ©F mass region
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S e B MG r
é 20k —"B" DATA 1000
s [ L
s [ [
L > 80
3 r
15[ = 3
L —n— o =
r —— 2 60
| [ L
10 g s
L Pp— 401
[ o [
M- [
B 20
o) EPRRPRRVRRPIN Y RN RPN AN == N I R R i, "
145 15 | 155 16 165 17 40 30 20 -10 0 10 20 30 40
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ANALYSIS TOOLS "SENSETIVE" ANALYSIS STRATEGY

AN EXAMPLE
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ANALYSIS TOOLS "SENSETIVE" ANALYSIS STRATEGY

AN EXAMPLE

CLEANEST SAMPLE

The idea behind this approach to find
such rare process like ©* — pKJ one
has to provide first the cleanest samples
of both kaons and protons.
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ANALYSIS TOOLS "SENSETIVE" ANALYSIS STRATEGY

AN EXAMPLE

CLEANEST SAMPLE

The idea behind this approach to find The idea behind this approach to find
such rare process like @ — pK$ one such identification criteria which
has to provide first the cleanest samples | maximize the sensitivity to the ©* signal
of both kaons and protons. relying on the statistical basis.
Sample No identification Cleanest Sensetive
Ns 500 80 300
Ng 10000 400 2500
Purity 4.8% 16.7% 10.7%
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Significance Ns /v/Ng 50 4o 60
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We optimize the sriteria for the proton identification likelihood ratios maximizing the
sensitivity to the expected ©* signal.
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"SENSETIVE’" SAMPLE

The procedure of tuning the proton identification cuts is then as follows:

@ MC “signal* is K2-proton pair with 1510 < M < 1550 MeV/c?. We also assume
no ©* polarization, a flat distribution of cos 6*.

@ MC “background” is pair K and a positive track not identified as a proton.

@ We splited the “fake” © states into several intervals of X to better understand
the production mechanism of ©7.
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Check on A — p#~ invariant mass distributions. —0.6 < xg < —0.3
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SIGNIFICANCE CALCULATION
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SIGNIFICANCE CALCULATION

@ Split the data points into 10 intervals: 5 mass intervals with proton decay cosine
in the ©T rest frame belonging to the interval [-1, —0.5) and other 5 mass
intervals with proton decay cosine in the ©* rest frame belonging to the interval
[-0.5,1]
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@ Compute two likelihoods:

10

InLg = Z(—bi =+ N ~Inbi)

InLgys = Z( bi —si +ni - In(b; +si))

bi, si, n; are the number of predicted background and signal events and
observed data events in the i-th bin
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signal events Ns yielding maximum of Si
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SIGNIFICANCE CALCULATION

@ Split the data points into 10 intervals: 5 mass intervals with proton decay cosine
in the ©T rest frame belonging to the interval [-1, —0.5) and other 5 mass
intervals with proton decay cosine in the ©* rest frame belonging to the interval
[-0.5,1]

@ Compute two likelihoods:
10
InLg = Z (—bi +n;-In b,)
I:110
InLeis =3 (~bi—si+n-In(bi +s))

bi, si, n; are the number of predicted background and signal events and
observed data events in the i-th bin

© Compute the signal statistical significance as:
S. = 2(|n LB+S —In LB)

© Find the resonance mass position M and Breit-Wigner width I and number of
signal events Ns yielding maximum of Si

© Repeat the process at 5xr intervals:
[-1.0,-0.6),(—0.6,—0.3),(—0.3,0.0),(0.0,0.4),(0.4,1.0].
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ANALYSIS TOOLS RESULTS

"OPENING THEBOX”

ot — ng invariant mass distributions. —1.0 < xg < 1.0
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©" PRODUCTION
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Xg DISTRIBUTION
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@ Use the background from the two side-bands: 1460 < M < 1500,
1580 < M < 1650MeV/c?;
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A POTENTIAL © SIGNAL

COS 0" DISTRIBUTION
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The predicted background is in good agreement with the data in the full pK{
invariant mass interval excluding the signal region.

© We used NOMAD identification of neutral kaons and build the instrument for the
proton identification using information left by the track in three subdetectors (DC,
TRD and ECAL).

@ The proton identification criteria was tuned to maximumize sensitivity to the
signal.

© Unknowledge of the ©" production mechanism (lack of MC for ©T) implies that
we have to tune the proton identification parameters in different bins of x¢ and
cos 6.

© We have NO pentaquark ©* at NOMAD.
@ Upper limit (90%CL) was found equal 2.13 - 10~2 to v, N-interaction.
@ This results were published at Eur.Phys.J.C, e-Print: hep-ex/0612063
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