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e Pentaquark topology in HERMES
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Brief Introduction

« Hadronic matter < color-neutral groups of quarks.

—Only two groupings have been observed: Mesons (¢¢) and Baryons(qqq)

—All color-neutral states are allowed (expected?), e.g. dibaryons, hybirds,
glueballs and pentaquarks

—Experimental searches failed to observe any signal.
 Chiral Quark Solition Model
predicted an anti-decuplet of
pentaquarks.

— Narrow (15-30 MeV)
—Low mass (1530 MeV)

Evidence reported by SPring-8, 5(1880)
DIANA and CLAS

*HERMES is 6" group to report / \/\/\

evidence for the Q* pentaquark el e
. . (BT orx K (2% or 3*EY
—quasi-real photo production at

Physics Today, Sept 2003 » oH1530) uudds

! (nk* or pK") =
D —

S BEEANADNVALS

high energy on deuterium target
In inclusive ed — pK X

Corners are manifestly exotic—with an
unpaired antiquark!
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) Event Topology: eN— pK.X, K.— p'p &

Pion+

Distance between
2 pion tracks(<1cm)

Pion—
\
K% momentum o
\i’..*". Distance between K% decay (B)
Distance between K% o T~ and ©* decay ( C ) (> 7em )
and proton tracks (<0.6cm) And rVertZ_KsP <rVertZ_KsDecay

7. coordinate

Radial cut: R*<0.2¢m? (R ~ 4.5mm)

rVertZ_KsP| < 18¢m
Proton

Q" — pK, decay channel—not explicitly exotic channel
e NoO neutron detection—cannot look in “traditional” nK* channel
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*HERMES is
located on the
DESY-HERA
lepton beam line. EEEREs

*HERA e-p collider S
—920 GeV protons  SEEEEas
—26.7 GeV electrons, e

9 to 45 mA beam.
eInternal polarized
gas target (H, 2H,
etc.). B N

*Electron/Positron [ __}fen:_af _q*_ﬁ.;f" L
beam (polarized) ] ?

e Semi-inclusive DIS to determine the parton level spin
structure of the proton
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HERMES:
 HERa M Easurement of Spin
o Study the spin structure of the
nucleon.
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HERMES Spectrometer
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FIELD CLAMPS TRIGGER HODOSCOPE H1
m - oY
, :IIFLllcC))NNT DRIFT CHAMBERS .- 270mrad
HODO 170 mrad -~ -
PRESHOWER (H2) _ i
DRIFT ~H - 140 mrad
1- CHAMBERS 4
r-cf/z -
EROP—
I_ = + “THAMBERS LUMINOSITY 27.5 GeV
07T T==3- 0§ wa?:ﬁ'oﬁ """"""" o
TARGET r ‘ir *H e+
CELL ~bo
SILICON DVC i
14 HODOSCOPE HO [~
STEEL PLATE R - BC 3/4 | TRD CAL'OBIM-EIEB _1110‘mrad
RICH ~~-~. IRON WALL
0 "=~ _ 270mrad /170 mrad —
- WIDE ANGLE MUON HODOSCOPES
~— MAGNET MUON HODOSCOPE
T T I T T T T I T T I
0 1 2 3 4 5 6 7 8 9 10 m

eInternal, longitudinally polarized gas
target (averaged over polarization)

= 8-1013 atoms/cm?

*H target, r 1,4
o [L,dt = 250 pb-!

* p%, K#, proton id. with RICH

» Coincidence of scintillator
hodoscopes, preshower counter
and Pb-glass Calo.

*Coincidence between three
scintillation hodoscopes, and two
tracking planes.
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G Particle Identification: Rich Wk

Photon Detector

N

0.1 |-

Cherenkov
Photons

bl o |

b [GeV] AEregel Mirror

Particle
.—
Track

0.05 |-

n TR RSN SN TRNN T N NN SR N T A SR
0 2 4 6 8 10 12 14 16

Dual radiator rich (Aerogel and C,F,,)
K, p, proton separation for 1 < p < 15 GeV/c
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(A Particle Identification: Rich 147

*RICH identification and ' @ LOF

performance sensitive °° - el kS E
to event topology “E P EI S F E
0.4 & 1 a1 .

*Monte Carlo basedon , - |3 ot ]
Pythia6 used to N R R TY VYOV NEE LT
determine efficiencies £, - ST E
for “pentaquark” 8. E|S— o ok E
p q §O'6 - Pﬂ 1t PK . 10 Pg i
topology oo - 1 C.F 2o Kaon | -
Eo_g - qE / Threshold \ E

o @:...._.....‘oﬂ'-:‘.mH.ml %000’ e -
*Negligible cross S R R O
contamination for o i EI :
0.6 = PP sl PP 1 P -

1<pp<1SGeV/c ou b T at K e qE P E
4 <p,<9GeVic . |8 10 E

0 ®minlaimimiminlaiminias eelae®® | Ca®EL
5 10 15 5 10 15 5 10 15

Momentum S
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7z Event topology 1A

e+2H_>Q+X_>pK X_)pppx Pion+

Distance between

2 pion tracks(<lcm)
Pion—

K% momentum

\

\ Distance between K% decay (B)
and ©* decay ( C ) (> 7cm )
And rVertZ KsP <rVertZ KsDecay

Distance between K%
and proton tracks (<0.6¢m)

Z. coordinate

Radial cut: R*<0.2cm? (R ~ 4.5mm)

rVertZ_KsP| < 18¢cm
Proton

Eventsin which M(pp-) = M[L (1116)] were removed.
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AN . A
& K. reconstruction Ve
. >
Cutg were tun_ed 0 2160 | M(ptp)
maximize K, yield = | spectra with | M) Mx=4968:0:26ta0 Mev
and minimize K, %140 " final Q* cuts | ||| Ox=620.2(stat) MeV
bkg. S120 |
« Select events within & f ¢ PD469|\7/|.?S§ é?é%emev
+ 2s of K peak 100
80 |
e Cuts were not 60 |
optimized based 10
on M(pp*p)
spectra. 20

0.4 0.45 0.5 0.55 0.6
M) [GeV]
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& M(pp*p) Distribution 1oz

'M=1528 + 2.6(stat) MeV « Enhancement is observed:
:G=8 + 2(stat) MeV —Mass 1528 MeV
60 ] —Width (s) 7.5 MeV
- * No known positively-
50 +$1 T 141 ¢ charged, strange baryon in
1 H this region.
40 —]l  Naive significance of 4-6s
[  Alternative mass definition
30 | which assumes known K
[ mass:
20 | ) ?
| Mywo® = (/M2 + 7o+ /Mo + o)
10 | —(pp+prs)
0 : | | | | Better mass resolution by

145 1.5 155 16 165 L7 removingsome of the
experimental uncertainty

M(z'np) [GeV]  from K reconstruction.
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AN . A
&y M(pp*p) fit and background Yo'
M=1528 £ 2.6(stat) MeV « All fits used unbinned
-0=8 * 2(stat) MeV i : :
60 | maximum likelihood
- method—no bias from
50 | Ut 14 4 bin width or location.
+ Il T
40 | " .
TH Polynomial Background
30 [ * + * e Orthonormal Chebyshev
polynomials
20 | e Fit included up to 3
order Chebyshev
10 polynomials
0 | | | | |
1.45 1.5 1.55 1.6 1.65 1.7 ° Referred to a.S uﬁt bn
M(n'p) [GeV]
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Events / (8§ MeV)

< .;::H:‘
e

Y Background: PYTHIAG, Mixed Events  1£&
"M=1527 £ 2.3(stat) MeV e Hatched—PYTHIAB6

o [T TN | Monte Carlo (luminosity
normalized)

50 * Solid—Mixed event bkg.
(normalized to

40 PYTHIAG)
—reproduces PYTHIAG

20 shape.

 PYTHIAG6 does not

20 include excited S
hyperons in this region.

10 PDG lists many such
resonances!

145 15 155 16 165 1.7

M(n' 't p) [GeV]
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7\ : A —
2y Background: PYTHIAB, Mixed Events 4
& ' M=1527 + 2.3(stat) MeV
= | 5=9.2 + 2(stat) MeV / Mass G PDG
% 00 - (MeV) (MeV) Status
PO .
Es0 | 1480 95
3 1560 47 wx
40 1580 13 o
30 | 1620 100 ok
| i 1660 100 =
20 _ ‘ .;:;: : 2 b B _ et . 1 6 7 O 6 O *kk%
0| A 7% . Mass and width fixed at
' 5 PDG values.

Ts e s sl o Strength of resonance
treated as a free

M(x'7'p) [GeV] parameter.
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& Fit Results 12
T — Q* Mass FWHM Significance
0l Fit (MeV) (MeV) Naive Actual
, a 1527.04+2.3+2.1 2245+2 6.1s 4.3s
a  1527.042.5+2.1 2445+2 6.3s  4.2s

0| b 1528.0+2.64+2.1 194542 4.7s 3.7s

w0 | b’ 1527.843.0£2.1 2045+2 4.2s  3.4s

10

0 ful e Mass:

o [ " 1528 +£2.6 + 2.1 MeV

o | Less than world average

w | e Width:

0 | 194542 MeV

2 | Possibly larger than experimental resolution

0} e Significance:

" Tis 15 s 16 e 17 3.4-4.3s Actual significance

Maxp) [GeV] Naive vs. Actual
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) Fit Results and Significance 1o
T * Nalve significance:

;60 :6:9.2i2(stat)MeV a) SlgnaI/ (kag)llz

g5 | —Events are counted within a 2s window of the

centroid of the peak.

 Improved significance:
I\IsignaI/ (kag + dkag)ll2

—Frequently used by statistics books, but requires
knowledge of the background shape and
uncertainty.

e Actual significance:
5|gnaI/ dN5|gnal
—Ngignar @Nd dNg;,,.,, determined from the overall fit.
—dNg;,n4 1S fully correlated uncertainty

—measures peak’s difference from O in terms of its

145 15 155 16 165 17 own uncertainty.
M p) [GeV]

40 |
30 |
20 |

10 |

70 -
60 |
50 |
0 |
30
2 |

10

3.4-4.4 s Actual Significance
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¢y Mass: Comparison with other Expts 4

M(Q*) . : :
« HERMES SPringd | o= @
1528 4+ 2.6 + 2.1 MeV DIANA | lo e %
* World Average o o <
1536.2 4 2.6 MeV CLAS-d o - o T?E
Width(Q*) SAPHIR [ e : ® S
« World data: - 3 2
FWHM < 20 MeV ITEP v A ' ®
« HERMES: CLAS-p e I e
FWHM =19 4+ 5 + 2 MeV : :
—Possibly larger than HERMES o @
Instrumental resolution AP T B | T B
from MC of apparatus. 1520 1540 1560 0 20 40

Mass (Mev) FWHM (MeV)
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A A
0, Q* Mass: Other resonances 1o

K—p'p  L(1116)— pp- L(1520)— pK  X(1321)— ppp

Obs. Mass (MeV) 496.8+0.2 1115.70+0.01  1522.7+1.9 1321.5+0.3
PDG Mass (MeV) 497.67 1115.68 1519.5+1.0 1321.31+0.13
Width—data (s MeV) 6.2+0.2 2.6t 0.1 4.443.7 3.1£0.3
Width—MC (s MeV) 5.4 2.1 3.5 2.5
Decay p. (MeV) 206 101 244 139 (L p)

» Masses of known particles are well reproduced
e Estimate systematic uncertainty of £1.9 MeV

* Widths are reasonably estimated (well slightly underestimated)
by the Monte Carlo
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@ Q* “toy” Monte Carlo 1oz

*No model of pentaquark = _
photoproduction 250 — cond  MC Resolution
*HERMES *“toy” model: _ ‘| Generated: |
— p, falling distribution similar * M(Q*) = 1540 MeV
o T
'It_clJEoFIQJI;s/leEr\éed L distribution in «GQY) = 2 MeV
— p; Gaussian, s = 0.4 GeV, Reconstructed:
typi_cal of parton p; a}nd | 150 - * M(pp*p) = 1540 MeV
Sleglgal\t/lréoSL distribution in | iE s(pp*p) = 6.2 MeV
— Accept(Q*— pK,)~ 0.05% 100 - * S'PK,) = 4.9 Mev

—5(Q% ~ 100-200 nb + 25%

*Refit data with Breit-Wigner
convoluted with Gaussian 50 -

(width fixed at simulated |
resolution) Xq‘
GQ*) =17 £ 9 £ 3 MeV e as 15 s 16 1es 17
(Ave. of & and b’ fits) Invariant Mass ("1 p) (GeV)

Caveat: No other resonance with equivalent topology to cross check Monte Carlo
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&y Mass: Comparison with other Expts &

M(Q") . : :
« HERMES Sbrings e b @
1528 + 2.6 & 2.1 MeV DIANA [ o . %
* World Average o o <
1536.2 + 2.6 MeV CLAS-d | |le 3 e T
) d Q
Width(Q*) SAPHIR [ e . e5
« World data: . 3 Z
FWHM < 20 MeV. HEPv 1 14 S
* HERMES: CLAS-p e I e
— Fit to data: N u
FWHM =19 +5+2MeV HERMES | @ e
—Possibly larger than 15'2(.). 15|4(.). .15|6(.) (; - '2|0' e

instrumental resolution

from MC of apparatus. Mass (Mev) FWHM (MeV)
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0, Q* Mass: Other resonances 1o
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@ Q* “toy” Monte Carlo 1oz

*No model of pentaquark NI _
photoproduction 250 — consi  MC Resolution
*HERMES “toy” model: _ " Generated:
— p, falling distribution similar * M(Q*) = 1540 MeV
T
'It_clJEoFIQJI;s/leEr\éed L distribution in «GQY) = 2 MeV
— p; Gaussian, s = 0.4 GeV, Reconstructed:
typi_cal of parton p; a}nd | 150 - * M(pp*p) = 1540 MeV
Sleéwlgal\t/lréoSL distribution in | e s(pp*p) = 6.2 MeV
— Accept(Q*— pK )~ 0.05% 4 * S'pKy) = 4.9 Mev

—5(Q% ~ 100-200 nb + 25%

*Refit data with Breit-Wigner
convoluted with Gaussian 50 -

(width fixed at simulated |
resolution) Xq‘
GQ*) =17 £ 9 £ 3 MeV e as 15 s 16 1es 17
(Ave. of & and b’ fits) Invariant Mass ("1 p) (GeV)

Caveat: No other resonance with equivalent topology to cross check Monte Carlo
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eV)
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n
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Events/(4 M

400 |
300 |
200

100 |

Q* isospin: the Q** oA

} M, =1522.7£1.2(stat) MeV

145 15 155 1.6 1.65
M(pK), M(pK")

Study of pK* Channels

1 * Clear peak observed

for L(1520) in pK-
spectrum

* No peak observed in
pPK* spectrum (Q**
channel)

« Upper limit of O counts
at 91% confidence for
Q++

 MC acceptance for

both L (1520) and Q**
IS approximately 1.5%

1.7+ s[L(1520)] ~ 62 nb
[GeV]

(large systematic
uncertainties)
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@ Conclusions
 HERMES detects an enhancement in the

PK, Invariant mass spectrum:
M s = 1528 + 2.6(stat) + 2.1(syst) MeV/c?

 Fitted width possibly greater than
experimental resolution:

G=17 + 9 (stat) &+ 3 (syst) MeV/c?

* This peak is associated with the exotic Q*
pentaquark resonance—caveat:

HERMES has no strangeness tag.
* No evidence for Q** is observed.

e Future: HERMES now has a dedicated

pentaquark trigger and will collect more
data (until 2007?).

» See A. Airapetian et al. (HERMES collaboration) to be published in
Phys. Lett. B, hep-ex/0312044.

Events / (8§ MeV)

=) ~
=] <

wn
=]

70 |

60 |

20 |

10 |

50 |
0 |
30}
20 |

10 |

T M=1527 + 2.3(stat) MeV
[0=9.2 £ 2(stat) MeV

145 1.5 1.55
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1.65

1.7

M wp) [GeV]
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