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%M Outline

@ Significances of ®* (if seen)
@ HERMES experiment
@ Previous and present results from deuterium target

@ Results from hydrogen target

@ Summary
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Significances of ®*(Groups ever announced positive results )

T
2016

LEPS m4.60 m S.1c
DIANA = 44c MW 5.50
SAPHIR m 4.8c
HERMES m 370 %M
CLAS B 7.8c « mull
ZEUS m 3.9-4.60
COSY-TOF W 3.7-5.90c « mull
SVvD W 5.6 18.00c
ITEP W7.1c
JINR m 4.50
E522 s 25-2.70c
OBELIX w 2.5-2.7¢6
2004 2006 2008 2010 . 2012 = 2014
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s Groups with Negative Results (now)

Group Reaction Mode Upper limit Confidence
CLAS Fd —+pK~K'™n K'tn g < 0.3 nb 95%
~d— AKTn Ktn a < 5nb 95%
TP —+ T'Ktn Ktn 7 < 0.8 nb 95%
N{et)/N(A(1520)) < 0.22% 95%
=00 -0 .
p—= K K"p K:p 7 < 1.5 nb a5%
COSY-TOF pp— TV Ep Kgp o < .15 ub a5%
FOCUS ~Be — pKEX Kip a(&1)B(pK2) /o (K(202)1) < 0.13% 95%
(@M B(pk2)/r(T(13385)%) < 2.3% 95%
NOMAD vud =+ K2pX +.rf§-p 3 N(01)/ Nevents < l]il 12 % 1073 gozn
BES W(25), J/u decays Ktn, Ksp see Eq.ifZ) 0%
BaBar ete” =+ T(48) = pK2iX K2p N0/ Novents < 1.8 x 10—4 95%
ete™ = g7 — pK2X Kip N(©%)/Nevents < 5.0 x 107° 95%
B — ppk2 Kip Biet) B(pK2) <05 x 07" 95%
Belle B — ppK Y Kip Blet) . B(pKY) < 2.3 x 1077 90%
KN — pKSX K%}p N(eT)/N(A(1520)) < 2.5% 90%
Ktn— pK2 Kgp T « 0.64 MeV a0%
ALEPH Z — pKEX Kip N(O) Novenis < 2.5 x 1073 95%
DELPHI Z = pKEX Kip N(O1) /Novents < 2.0 x 1073 95%
L3 Yy —+ pLﬁ)K's'-.:L' K%-p N{©O")/Nevents < 4.7 x 1073 95%
Hi1 ep — ep(p|K = Kap a < 120 — 360 pb a5%
COSY-Jiillich pp — pK "t A K% o < 58 nb 95%
MA49 pp — pKEX Kip not observed -
CDF pp— pK2X Kop N{et) < 89,76 90%
HERA-B pC — pfig_ﬁ; If%p N(et)/N(A(1520)) < 2.7% gsz.;
SPHINX N —+nKVtKzN K'tn o < 26 nb 807
i-;‘v‘ - pKE-KE‘N Kip o < 42 nb 909?2
pN — pKE KIN K:E_'p o< 30 nb 80%
pN — pKeKEN Kip o< 52 nb 90%
PHENIX dAun —+ K nX K™ n not observed -
HyperCP plat, KH)Cu = p(pIKSX Klp N(B1)/Nevents < 0.3% 90%
LASS Ktp— Ktnrt Ktn 10 NAITOW Teschance —
WARQ TTC(Cu) = pK 2 KZp T < 7.2 ph 99%
E559 Ktp—satx - do /dft < 3.5 pb/sr 90%
J-PARC Tp—+ KX — do /d) < 0.26 pb/sr 90%

Reviewed by Tianbo Liu, Yajun Mao, and Bo-Qiang Ma, Int. J. Mod. Phys. A 29, 1430020 (2014)
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http://www.worldscientific.com/doi/abs/10.1142/S0217751X14300208

Yo HERA @ DESY

Hadron-Elektron-Ringanlage @ Deutsches Elektronen-Synchrotron

NSTAR2015 siguang@pku.edu.cn




%49%5 HERMES@HERA

D_Eealt'r_'n transverse
irection f Polarisation
_______-"" |
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HERA B Polarimeter

. ZEUS 'HERA Electron Ring H1 .

Longitudinal Longitudinal
Polarimeter Polarisation

Spin Rotator HERMES Spin Rotator
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ﬁﬁ% The HERMES Spectrometer

’r— FIELD CLAMPS j TRIGGER HODOSCOPE H1

FRONT
MUON
HODO

DFIIFT\

CHAMBERS

TARGET ' --_ W +!:i MONITOR
CELL - f -

HODOSCOPE HO

BC 3/4 TRD ~ ~CALOBIMETER

STEEL PLATE

RICH ~--. IRON WALL™

“~L _ 270 mrad

WIDE ANGLE
MUON HODOSCOPE

MUON HODOSCOPES
T MAGNET

0 1 2 3 4 5 6 7 8 9 10 m

> Resolution: dp/p<2%, 66<0.6 mrad
» Internal Gas Target: H_é, 5, ITI>,HT unpol: H,, D,, He, N,, Ne, Kr, Xe
» Particle Identification: TRD, Preshower, Calorimeter,

—>1997:Cherenkov; 1998—:RICH + Muon ID
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%3\935 Particle Identification

Dual radiator RICH for =, K, p

- 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 Il 1

- __BOTTOM RICH

Cherenkov
FPhotons

Particle
Track

@ [rad]

Improvements in PID reconstruction:

Old (track level): Track-by-track reconstructed,
separately

New(event level): Response pattern of all the tracks
present in an event are reconstructed simultaneously,
since with multiple tracks Cherenkov rings can overlap
and lead to misidentification.

° plGevl
. e L 1
Particle Identification: cos® = -
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HERMES Result in 2004

= ~ 70 M=1528 + 2.6(stat) MeV
160 [ ] = o=8 + 2(stat) MeV
= M, =496.540.2(stat) MeV S 60
1
= 140 [ g, =6.240.2 (stat) MeV ®
S120 | £50
= [ + bl
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-E FMW,,MM | ‘wqt Al " Significance: 3.7¢
0.4 0.45 0.5 0.55 0.6 0

- i 1.215 15 155 16 165 1.7
M(m ) [GeV]

M(n'mp) [GeV]

1998-2000 D-target published in Physics Letters B 585 (2004) 213

How about the spectra with new (improved) data?
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%3\935 Old and New Topologies for ®* Hunting

e’ "+D 50O + X
: L. pK > prtn-

Distance between
2 7 tracks (<1cm)

K% momentum

T
Distance between K% decay (B)
Distance between K% y 7 and production vertex (C) (>7cm) __l.;-"'* K"
and proton track ———, ot S
(<6mm) B0 N e
* ',". L=
Beam Direction o<

-
.
-

Distance beleen beam and Droduction LEELEIELEL LY L LELLELELIRL] g i ¥ 884 A EERE IR IR R R AR R R R R R R R R B FERFRFE RN RN R RR AR L P T R R L LR RS -|-|-|‘-|-1-|-|-‘-‘--.-m-!
vertex (Radial cut: R<4mm) VBEHI“ Beam Direction

IrVertZ pK /< 18em proton p

p
Topology in 2004

Topology in 2015

Main Improvements:

» Event-level RICH particle ID

» Advanced tracking corrections for magnetic fields and detector material based on
Kalman-filter algorithm and new alignment

NSTAR2015 siguang@pku.edu.cn 11



ﬁgfgi Improved K¢

PDG: M(Ks)=497 614+0.024MeV

5\350 T T - 700 ! I
z - M“’“’“’_497 3040.14 MeV E . M“e“_497 49+0.10 MeV

300
S Op=5.09+0.13 MeV | & 600 G“%“:S.Miﬂ.ﬂﬁi MeV -
2550 ’ 2 500 +
E Mold + 5 old
S /=496.8+0.2 MeV B, © M{=496.8+0.2 MV
=200 = 400

0'"'.,":6 2+0.2 MeV c“'d—ﬁ 2+0.2 MeV

II|IIII|IIII|IIII|IIII|IIIIIIIII

04 045 0 0SS
M(n*1) [GeV]
New: 1998-2000 + 06/07 D-target

Old: 1998-2000 D-target

v = | | B Singy==v
0.4 0.45 0.5 0 55

M(m*) [GeV]
1998-2000 D-target
With old and New analysis

Analysis Periods Number | Number Background
Ks B(1+20)
S (+20)
New Analysis(98-00+06/07) 3311460 87+11 97.41+0.4%
Old Analysis(98-00) 963+38 180+15 84.3+1.3%
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Systematic uncertainty from:
(D Different background shapes
2@ Fit ranges

ﬂ- (3 Bias from the shape studied with Toy-

MC to create and fit with
Background+Peak functions

Significance: ~2c

D A log-likelihood method gives
1.9c(average value of different fit
ranges)

(2 Toy-MC to create smooth shape and
fit with Background+Peak, gives 2.2c

Note:
“D*-D% BG” is a function name of RooFit

= 80|~ eHERMES (199820000 e *+D— (p+K)+X
= [ OHERMES PLB 585 (2004) 213 s
e 60— +
2k Wi, |
BRI R Py
= - Oy C ) o T
np gl
. H-.:(-;:{'ﬂl —t—t— + }
80 [ XHERMES (2006/07)
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20 ol
- »*
— e+
150 — WHERMES (1998-2000 & 2006/07) M=1521.8+4.3 MeV
- [ =5.5£12.5 MeV
100 f_ N=68__3918{~:tnt}113[53'~;}
- "
S0 - —_— ‘.'oigﬁnn—D*—DD BG
C ? —— Voigtian+Chebvchev
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M (pK{) from H-target Data

g -I. IHIER\..ﬁ:IsI(zlooz-zloo7)e--"++1+|1;|(p+1<lg)l+$;l - w0
2200 | N -
z bt (R
21«0 +'+ ’H H’ t ++ ”w +¢+ I
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100 - ﬂ N % i
i <IN
50| f . =
_ 0’ C -1.1.1|’:l.1|,.u|1.1111.l‘
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i 1 1 1 1 1 1 1 1 L L Il 1 1 1 | 1 1
14 145 15 155 16 165 17 : 4 = M(pK®) [GeV]
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no structure found an attempt to fit gives
in hydrogen data "negative peak"
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;
%‘Z\?ﬁ Significances of ®*(Groups ever announced positive results )

LEPS wm4.60c m S.1c
DIANA wm4d4dc W 5.50
SAPHIR m 4.8c
HERMES m 370 « 2.00
CLAS B 7.8c « mull
ZEUS m 3.9-4.60
COSY-TOF MW 3.7-5.9¢ = null
SVvD H 5.6 8.0c
ITEP H7.1c
JINR m 4.50
ES522 s 2527
OBELIX = 2.5-2.7¢
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%Lﬁfgg Summary

@ With the improved HERMES original data set taken in
1998-2000 and also the additional 2006-2007 data on
deuterium target, the KSO is obtained with significantly
less background and better mass resolution.

@ The potential resonance structure in the M (pKJ)
spectrum near the 1521.8+4.3MeV has a significance

~20 while it was 3.7 o at 1528.0+2.6MeV in the old
analysis.

@ Drop in significance in spite of twice the number of
events for the data from a deuterium target does not
support the presence of a positive ®* signal at HERMES.

@ For the hydrogen data, there is no indication of the
existence of an enhancement in the region of interest.

Thanks! i !
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—_re

Events/(6 MeV)

Events/(6 MeV)

0
s M (pKs ) from D- & H-target Data
L o e L L B B L B
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to fit the D-target and H-target
i combined data gives
~ a "negative peak” again

100 |
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%3\935 CLAS and COSY-TOF Results

40 200 ¢
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s E el 1 '+
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= [ 20 | '
E zﬂ . o 3 I = 1 1 I 1 i | 1 1 I 1 | 1 I | 1 1 1 I 1 1 1 1 I 1 .#‘1- I 1 L 1 1 I 1 1 1
7 C 1.425 1.45 1.475 15 1.525 1.55 1.575 1.6
E r invariant mass (p K [GeVie®)
g 151
- ig. 5. Invariant mass of the pK" spectrum of the previous measurement to-
- Fig. 5. Invari f the pK" f th '
10 £ gether with a band representing the shape of the new measurement. The height
r of the band is adjusted in the mass range indicated by the two vertical lines.
5t
“ i i i | i i i 1 i i i l i i i | i i i
14 15 II'."::M{[)K_]]:F Gtwclz']s 1.9 2 | COSY-TOF, Physics Letters B 649(2007)

252-257
FIG. 5. Comparison of the previously published [8] result

(points) with the current result (histogram) normalized (by a
factor of 1/5.92) to get the same total number of counts.

CLAS, PRL 96, 212001 (2006)
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http://journals.aps.org/prl/pdf/10.1103/PhysRevLett.96.212001

s LEPS (2009)

Evidence for the Ot in the yd — K™K~ pn reaction by detecting K+ K ~ pairs

T. NAKANO et al. PHYSICAL REVIEW C 79, 025210 {2009)
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FIG. 14, Comparison of the fits with the EMM distributions (solid line) and a second-order polvnomial functions (dashed linej: (a)
in the region of 1.43 GeVjc® = MinK*) < 165 GeVjc® without the @ contribution; (b) with the &% contribution; () in the region of
147 GeVicl = MinK+) = 1.65 GaeV/c? without the &+ contribution; (d) with the &+ contribution.
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%ﬁgé DIANA Collaboration (2014)

Observation of a narrow baryon resonance with positive strangeness formed in K*Xe collisions

arXiv:1307.1653v3 [nucl-ex] 18 Apr 2014

70E . Integ= 834 705 Integ= 959
= (@) 6, 6, <100 Chi2 / ndf = 45.79 / 61 = (B) P, >120 MeV Chi2 / ndf = 48.62 / 61
0F Mass - 1538x0.8472 | °°F Mass = 1538+0.9194
= 50 Sigma =3.431+0.6885 | > 50} Sigma = 3.563+ 0.7349
E 405_ H Signal =67.49+14.38 EME_ ﬂ Signal = 68.09+ 15.14
s F %‘ || scale =0.9177+0.03614 T L H scale = 0.9208+ 0.0337¢
A Avey
€ b * JP - Hjﬁfﬁ'.'l-- ; H £20F #m#ﬁ j{ﬁ
I itk i SE et Iy
" 0 ' f I f S 10 4“ 4
N TRy L TR Hat ! r|'...|...|...|..|'...|...|...|..H‘l‘.ﬁ-ﬂf’hlj
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Figure 7: Shown in (a) and (b) are the pK" effective-mass spectra under the selections
Or.0, < 100° and p;, > 120 MeV plus the common selections pp < 300 MeV and
445 < p(Kt) < 535 MeV. The signal and null fits are shown by the solid and dashed
lines, respectively.

NSTAR2015 siguang@pku.edu.cn 2 1


http://arxiv.org/abs/1307.1653v3

