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Status of J-PARC E73 experiment: first direct Hypertriton
lifetime measurement with3He(K —, 7°)3H reaction
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In the last decade, heavy-ion based experiments (HypHI, STAR and A) i@ounced surprisingly short lifetime f§H mesonic weak
decay (MWD), which is difficult to interpret given the fact thiaH is a very loosely bound system. It will be very interesting to study this
issue with a different experimental approach. We propose a direct measurenigHttigpernucleus MWD lifetime withv10% precision

as J-PARC E73 experimeritH hypernucleus lifetime will also be measured as a feasibility test for our experimental approach. In this
proceeding, we will introduce the experimental method and the current status of E73 experiment.
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1. Introduction ~30% (STAR [2], ALICE [3] and HypHI [4]). Itis even more

) puzzling that, very recently, both STAR and ALICE collab-
The }H lifetime puzzle stands for an unexpected large dis-orations updated their measurementsier lifetime, which
crepancy between the weak decay lifetime\diyperon and  pecomes similar to the fre hyperon one [5, 6]. This situa-
AH. As the lightest bound hypernucledgi is characterized  tjon is summarized in Table I. Here we have to point out that
by its small binding energy (B=130+50 keV [1]). Conse-  the3H lifetime puzzle can not be solved by heavy-ion based
quently, theA hyperon is well separated byl0 fm from the  5ppr0ach itself because of a possible mixture between spin
deuteron core inside thgH. It is natural to expect that the 1/2 and 3/2 states during production in heavy ion collisions.
weak decay lifetime of H is similar to that ofA hyperon  gg that thé} H data sample from heavy-ion based production
(7 ~ 263 ps) because of little effects from the deuteron corejs distorted from the true lifetime ofH ground state. We
due to large separation of the wave function. However, in thepropose to solve this problem by selectively populate spin

period 2013-2018, several heavy-ion based experiments req/2 ground state with the J-PARC E73 experintént.
ported much shortefH lifetime than theA hyperon by up to
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TABLE |. Summary of recent measurementsidt lifetime.

Collaboration Experimental method 3 H lifetime [ps] Release date
HypHI fixed target 18335 (stat.}-37(syst.) 2013 [4]
STAR Au collider 142 2} (stat. }-29(syst.) 2018 [2]
221+15(stat. }=19(syst.) 2021 [6]
ALICE Pb collider 181753 (stat. }=33(syst.) 2016 [3]
242734 (stat. p-17(syst.) 2019 [5]
2. J-PARC E73 experiment principle As illustrated in Fig. 3, they ray energy detector, the

calorimeter, has to be placed in the very forward direction
As a general property for the hypernucleus production prOpverl_apping with the trajectory of the meson beam. Thus the
cess,A hyperon with small recoiling momentum has a |argecalor|meter has to be very fast and radiation hard. An al-
probability to form a hypernuclear bound state. This arguMoSt pure Cherenkov radiator, PbBrystal was chosen to
ment is particularly true for-shell hypernucleus because construct the forward calorimeter to guarantee a good sep-
there is only one bound state fathyperon ins-orbit and any ~ aration between high-energy gamma ray and hadrons such
Ap > 200 MeV/c reaction will cause\l = 1 transition and 23S charged kaon _and pion. Typical signals from fbﬁ's'_
break the bound state. Thehyperon production kinematics @l Nave~20 ns width, which makes the detector dead time
with (K —, 7°) reaction is illustrated in Fig. 1, from which very short. Another merit to use PpErystaI is for its radi- .
it is clear that the forward scattered events are favorable 2tion hardness. For example, even if exposed to 1MHz pion
for the hypernucleus production. Another important merit of ¥ith 1 GeVic momentum for one month, there is no essential
choosing the kinematics with smallrecoiling momentum is degradation fo_r the Cherenkov I|ghty|_eld. Areasonably good
the selectivity for the spin non-flip ground state (J=1{#) energy resolution of 5% at 1GeV/c_ is helpful to suppress
production, which is not self-evident for the heavy-ion based®@ckground channels such as quasi-ffeéyperon produc-
experiments.

It is therefore necessary to find a method to effectively
select the forward boosted events from the large hadronic
background. To fulfill this request, we adopt an innovative
approach to select the forward by tagging the high energy
~ rays decayed from the® meson. The working principle
is demonstrated in Fig. 2, the fast at the forward scatter-
ing angle boosts the decayedays more forwardly than the
slow ones. So that by tagging the high energyays, we
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FIGURE 2. Forwardz® selection by tagging high energyrays.
Upper: uniformly distributed® events in Lab. frame; lower: for-

ward 7° events after selecting the high energywith E, >500
FIGURE 1. A hyperon production kinematics. MeV.
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K~ 43 He _>?\ H+ 7Y by CDS tracking. The- obtained this way is not theract
lifetime of 3 H yet but the lifetime convoluted with CDS time
slows down inside 3He target resolution, which can be written as:
and decays at rest
3 - i
qod ~ aH =" He+ F(t) = / ==/ R(u)du, @
3 —o0
( CDH| ]
A whereR(u) is the response function due to limited time res-
|| Tt” T 3 Calgrimeter olution. The expression d?(u) can experimentally obtained
tbc am v (18 by using the promptA~, =—) hadronic reaction, where the
K| leoc $Tis tarmt = u stands for the time variable of the response function. This
B ©farge Charak relation is used, in turn, to fit the~ time distribution and
start vetg“ derive thej H lifetime. This capability to derive thgH life-
counter [€PHL ! time in time domain forms the essential ideadifect mea-
surementin comparison with heavy-ion based experiments,
CDS where the decay length is used to fit the hypertriton lifetime.

FIGURE 3. Schematic setup for J-PARC E73 experiment.

tion. All these together make the PbErystal an ideal 3. Current status and outlook

candidate for our forward calorimeter. For the details ofgy, experimental proposal has been approved as J-PARC

calorimeter design and performance, please refer to our rg=73 experiment in 2020. As suggested by the J-PARC

cent work [7]. Physics Advisory Committee, our E73 experiment will be
The schematic setup of E73 experiment is shown incarried out in three stages: the first stage is to prove the feasi-

Fig. 3. The Pb calorimeter is installed in the very forward jjity of the experimental method; the second stage is to mea-

region to tag fast” meson emitted at0 degree, which cor-  gyre the production cross section of hypertriton with charge

responds to small recoiling momentum.dfhyperon. Such  exchange reaction; the third stage is to accumulate enough

a selection will improve the ratio betwegthi and quasi-free  giatistics to derive the hypertriton lifetime. As of May 2021,

A and¥: background. A Cylindrical Detector System (CDS) we have successfully completed the first two stages.

used in J-PARC E15/E31 experiment is employed to track  ag the first stage, feasibility study has been carried out

then™ following the H hypernucleus weak decay [8]. The in May 2020 (3-PARC T77 experiment) with liquidHe tar-

7~ decayed fronf H—’He+r~ has a fixed momentumef  get hecause of higher signal to noise ratio tAgie, which

113 MeV/c, which can be used to extract the signal from thgs ideal for a short pilot experiment. With 3 days of beam

quasi-freeA/Y: in-flight decay background. time at 50 kW beam power, we were able to collect a world
~ Asillustrated in Fig. 3, the relation betweg decay record of~1k 4H events with 2 times higher statistics and
time and experimental observable is ~10 times better signal to noise ratio than the previous KEK

) experiment [9]. As the second stage, the hypertriton produc-
tion cross section measurement has been completed in May
wheret,, s is the TOF between the start counter and the CDH2021. We have successfully observidd from both 2-body
counter, §..., is the K~ TOF between start counter and re- and 3-body decay of hypertriton ground state. This obser-
action vertex, t- is the TOF ofr~ between decay vertex vation provides the first direct determination for the ground
and CDH andr is the3H decay time to be determined by state spin of hypertriton as 1/2. Based on the previous results
the experiment. The value qft.,,, and t.- can be calculated and experience, we are ready for the final data taking in 2023.

tof = tbeam+ tr— + T,
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