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Roadmap for double hypernuclei spectroscopy at PANDA
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Abstract. Hypernuclear Physics is currently attracting renewed attention. Thanks to the use opdteds,
codous production of doublg hypernuclei is expected at tRanda experiment which will enable high precision
y—spectroscopy of such nuclei for the first time. In the present work we have studied the population of particle
stable, excited states in double hypernuclei after the captureSofwithin a statistical decay model. In order

to check the feasibility of producing and performipgspectroscopy of double hypernucleP#NDA, an event
gererator based on these calculations has been implementedRAN®RA simulation framework RipaRoor.

1 Introduction

The Panda experiment [2] which is planned at the inter-
natonal Facility for Antiproton and lon Research FAIR in
Darmstadt aims at the high resolutiprray spectroscopy
of double hypernuclei ([1, 3]).

For that, excited states & hypernucle will be used
as a gateway to form double hypernuclei. The produc-
tion of low momentumz~ hyperons and their capture in

atomic levels is therefore essential for the experiment. At

— —

PANDA the reactionf + p — Z-Z andp+n — 5-Z
followed by re-scattering of th&™ within the primary tar-
get nucleus will be employed. After stopping tBe in an
external secondary target, the form&dypernuclei will

be converted into doubl¢ hypernuclei. The associat&d

will undergo scattering or (in most cases) annihilation in-

side the residual nucleus and can be used as a tag for the

reaction.

Because of this multi—stage process (see Fig. 1), spec-
troscopic studies, based on the analysis of two-body reac-

tion kinematics like in single hypernuclei reactions, cannot

be performed and spectroscopic information on double hy-

pernuclei can only be obtained via their decay products:

— y—rays emitted via the sequential decay of an excited

double hypernucleus provide detailed information on
the level structure.
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Fig. 1. Various steps of the double hypernucleus production in
PANDA.

— Once the ground-state is reached, pions and protons
from the mesonic or non-mesonic weak decays can be

used to tag the reaction.

— A complete detection of the decay products from the
excited residue is in principle possible, though a res-
olution comparable to nuclear emulsion would be re-
quired. In addition, except for the case of very light hy-

cleiis limited to those light nuclei which decay exclu-
sively into charged particles.

pernuclei also neutral particles are emitted which usu- Therefore, a unique identification of the double hypernu-
ally escape the detection. As a consequence, the deterclei can only be reached via the emittedays from ex-

mination of the ground-state mass of double hypernu-
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cited, particle stable states[3]. In the present work we ex-
plore the feasibility to performy—spectroscopy of double

hypernuclei at the planné@ANDA experiment.
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2 Population of Excited States in Double of the assumed™~ binding energy. According to these cal-
Hypernuclei culations excited states in double hypernuclei (triangles)
are produced with significant probability. Fig. 3 shows the

In order to limit the number of possible transitions and thus
to increase the possible signal to background ratio, we fo-
cus in the following on light nuclei with mass numbers

Ao < 13, where even a relatively small excitation energy

may be comparable to their binding energy. In the follow- 10° 2 B 2C target o 3
ing we therefore assume that the principal mechanism of 10t [ .00 ° ]
de-excitation is the explosive decay of the excited nucleus b o000 0 0 O 7 Og
into several smaller clusters. To describe this break-up pro- 102 ; oob ]
cess and in order to estimate the population of individual I oo O oU ]
excited states in double hypernuclei after the conversion of 10° £ 4 " " " " =
theZ~, we have developed a statistical decay model which 100 b i ]
is reminiscent of the Fermi break-up model([4,5]). We as- [ AnBe ]
sume that the nucleus decays simultaneously into cold or 10t A
slightly excited fragments([6]). In the case of conventional St s m®® B8 00 ]
nuclear fragments, we adopt their experimental masses in 107 F poe®s D\ 000 - ]
ground states, and take into account their particle-stable 103 L ’If;/,\ I<,, | | | )
excited states. For single hypernuclei, we use the exper- LT ' ' ' ' ]
imental masses and all known excited states. For double 10°F m g 7
hypernuclei we apply theoretically predicted masses and e nn 1
excited states([7, 8]). : googo BB 00O
In the model we consider all possible break-up chan- 102 | @9 ]
nels, which satisfy the mass number, hyperon number (i.e. I ]
strangeness), charge, energy and momenta conservations, .. 10° £ : : O : =
and take into account the competition between these chan- o 100 b 0 ]
nels. Since the excitation energy of the initially produced > [ AnBe
double hypernucleiis not exactly known, we performedthe & 10! | 3
calculations as a function of the binding energy of the cap- < ,p e o e . ]
tured=~. Calculations were performed for several stable o 107 f ©0000 © 0 © = O E
secondary targetS8Be, 1°B, 1B, 1°C, and'C) which lead > 0L . . . . 1
to the production of excited states in double hypernuclei. o ' ' ' ' '
el ST ]
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Fig. 2. Predicted relative yield for ground states (g.s.) and excited ceSSible double hypernuclei after the capture &fdn a*’C nu-
tates (ex.s.) in double (DH), single (SH), and twin hypernuclei _cleus and the&~ conversion into twat hyperons. Excited states

(TH) as a function of thez binding energy for a secondatjC ;Be, 1) Be andj  Li dominate over a wide range of th&"
target. blndlng energy.

Fig. 2 shows as an example the production of ground population of the dferent accessible double hypernuclei
(9.s.) and excited (ex.s.) states of conventional nuclear fragFor the'?C target, excited states ff}Be, 1°Be and?  Li
ments as well as single (SHP), twin (THP) and double dominate over a wide range of the assuntdbinding

(DHP) hypernuclei in case of &C target as a function  energy.
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3 Experimental Integration and Simulation C
ol | Total energy spectra |
The hypernuclei study will make use of the modular struc- soff-
ture of PANDA. Removing the backward end-cap calorime-
ter will allow to add a dedicated nuclear target station and &
the required additional detectors fpspectroscopy (see 4 ”é
©

and ref.([3]))close to the entrance BANDA. While the
detection of anti-hyperons and low momenti can be
ensured by the universal detector and its PID system, a spe-
cific target system andgdetector are additional compo-
nents required for the hypernuclear studies.

The two-step production mechanism and a devoted ex-
perimental setup has been implemented into the simulation 2 8 45 67 8 9 10

— Gamma-ray Energy (MeV)

package RpaRoor as well as th€ ANDA setup.

Fig. 5. Total y-ray spectrum resulting from the decay of double

. hypernuclei produced in #C target and detected in the germa-
— A primary carbon target at the entrance to the central njym array and before additional cuts.

tracking detector oPANDA.

— A small secondary active sandwich target composed of
silicon detectors an®Be, *''B or 123C absorbersto 5 \\eak decays of Hypernuclei
slow down and stop th&~ and to identify the weak
decay products.

— To detect they-rays from the excited double hypernu-
clei an array of 15 n-type Germanium triple Cluster-
arrays will be added. To maximize the detection ef-
ficiency they-detectors must be arranged as close as
possible to the target at backward axial angles.

For the light hypernucleito be studied in the initial phase of
the planned experiments the non-mesonic and mesonic de-
cays are of similar importance. In the following we will fo-
cus on the case of two subsequent mesonic weak decays of
the produced double and single hypernuclei. For the light
nuclei discussed below this amounts to about 10% of the
total decay probability. Since the momenta of the two pions
45 . di f doubl are strongly correlated their coincident measurement pro-
pECtrOS(_:Op'C studies of double vides an fective method to tag the production of a double
hypernuclei hypernucleus. Moreover, the momenta of the two pions are
a fingerprint of the hypernucleus respective its binding en-

) o = ergy.
For the first step, namely the reactipn+- p — = Z we

ol The upper part of Fig. 6 shows the momentum correla-
have employed an event generator ([9]) which is based %Mtion of all ?fe)gagve pion gandidates from the second&gy

an Intra Nuclear Cascade model and which takes as a ma'Qarget The various bumps correspond tfiatent double
mgrgdlent the rescattenng_of the antihyperons and hyper—or twin hypernuclei. The good separation of théetient
ons in the target_nucleus Into account. From 50505 pro-y,,pie or twin hypernuclei provides affieient selection
duced events which containedza with a laboratory mo- criterion for their decays

mentum less than 500 Mg, 7396 hyperons are stopped The lower part of Fig. 6 shows theray spectrum gated

within the secondary target. . g d . ;
ytarg on each of four regions indicated in the two-dimensional

In the next step the excited particle stable states of dou-
ble hypernuclei as well as excited states of conventional SCatter plot. In the plots (a) and (d) the 1.684 MgVard

nuclei and single hypernuclei produced during the decaythe 2.86 MeV 2 states of%Be and}} Be, respectively, can
process de-excite vigray emission. For the high resolu- clearly be |dgnt|f|ec_zl. Because of the I|m|ted statistics in
tion spectroscopy of excited hypernuclear states a Germathe present simulations and the decreasing photopéiak e
nium y—array detector([10]) has also been implemented in ¢i€ncy at high photon energies, the strongly populated high
the standard PANDA frameworksRoaRoor ([3]). Fig. 5 Iylng states m?le at 4.55 and 5.96 MeV cannot be identi-
shows the total energy spectrum summed over all germa-fied in (b). The two dominant peaks seen in part (c) result
nium detectors for all events wherega has been stopped  fromthe decayf of e>g<C|ted single h_ypfrfragments_pr(_)duced
in the secondary carbon target. Note, that the size of thein theZ™ +C —7 H +) Bereaction, i.e; H at an excitation
bins (50keV) in this plot is significantly larger than the res- energy of 1.08 MeV ([12,13]) angBe at an excitation en-
olution of the germanium detectors expected even for highergy of 3.029 and 3.060 MeV ([14, 15]) are also well iden-
data rates at normal conditions (3.4 keV at 110 kHz ([11])). tified ( See ref. [3] for more details). The spectrum shown
Several peaks seen in the spectrum around 1, 1.68 andh Fig. 6 corresponds to a running timeRANDA of the

3 MeV are associated with-transitions in various hyper-  order of two weeks. It is also important to realize that gat-
nuclei. However, for a clear assignment of these lines obvi- ing on double non-mesonic weak decays or on mixed weak
ously additional experimental information will be needed. decays may significantly improve the final rate.

—~—
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Fig. 6. Upper part: Momentum correlation of all negative pion
candidates resulting from the decay of double hypernuclei in
a secondary?C target. Lower party-spectrum detected in the
Ge-array by cutting on the two pion momenta. The expected
y-transitions energies from single and double hypernuclei are
marked by the arrows.

6 Background

Particles produced simultaneously with the double hy-
pernuclei do not significantly disturb theray detection.

07008-p.4
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Fig. 4. Schematic view of the hypernucleus setuPiNDA.

The main limitation is the load of the Cluster-array by
the high particles rate from uncorrelated background re-
actions. Thepp — == cross section of b is about

a factor 2500 smaller than the inelasfip cross section

of 50mb at 3 GeWg. The total energy spectra in the crys-
tal has been obtained summing up event by event the en-
ergy contributions of the particles impinging on the Ge ar-
ray. Background reactions have been calculated by using
the UrQMD+SMM([16]) event Generator. For the present
analysis 10000p +'2 C interactions at 3 Ge¢ were gen-
erated([17]). The total energy spectra resulting from the
background simulation have been filtered by using the
same technique as it was done for the signal events and
by applying identical cuts. Fdf,Be as well ag’Be only

one single event survived the cuts. Both of these events had
an energy deposition in the germanium detector exceeding
10 MeV significantly.

Several further improvements of the background sup-
pression are expected by exploring the topology of the se-
guential weak decays. This includes the analysis of tracks
not pointing to the primary target, multiplicity jumps in the
detector planes and the energy deposition in the secondary
target. Furthermore kaons detected in the central detector
of PANDA at forward angles can be used to tag®pro-
duction.
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RII3-CT-2004-506078. We acknowledge financial support
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