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» The PANDA experiment at FAIR

» Strangeness nuclear physics at PANDA

» =-208Pp hyperatom experiment at PANDA
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Facility for Antiproton and lon Research
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FAIR - under construction

Concreté: - 8 X Frankfurt stadium
Steel: O x Eiffel Tower

https://lwww.gsi.de/forschungbeschleuniger/fair/bau_von_fair/bilder_und_videos.htm

H I HELMHOLTZ_ _
www.hi-mainz.de 5 Helmholtz-Institut Mainz



PANDA at FAIR

: !: ' SIS 100/30

70 VeV IR ‘

.p-Linacigs e}_ ! 30.GeV Protons

PANDA situated in High Energy Storage Ring
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Physics pillars of PANDA

Bound states
and dynamics
of QCD

Hadrons in nuclei
Hyperon-nucleus dynamics
Hypernuclei and Hyperatoms

Nuclear physics
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T. Johansson, AIP Conf. Proc. Of LEAP 2003, p. 96

Production rates: AA ~1000 /s
@ 2 MHz pp ==t ~100 /s
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Strangeness nuclear ph

(anti)hyperon =-hyperatoms AA hypernuclei
propagation v

Physics Topic at PANDA

antihyperon =" potential in Structure of
potential in cold neutron-rich AA hypernuclei,
baryonic matter baryonic matter hyperon mixing
Methodology
See talk by YY momentum Width and shift of Excited state
J. Pochodzalla correlations at  atomic levels in spectrum of light
threshold =-208Pp atoms AA hypernuclei
Sanchez Lorente et al., Physics Pochodzalla et al., Nuclear
Letters B 749 (2015), pp. 421-424 Physics A 954 (2016) 323-34
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PANDA schedule
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PANDA detector

l |
er (1S) ! Forward Spectrometer (FS) '

RICH TOFWall EMC  Muon Detector LMD
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Hypernuclear/atom setup not shown

« Almost 4T High res. tracking + PID 7
* Avg. 20 MHz Vertex reconstr. for e.g.
« Software trigger D, K%, hyperons
PWO calorimeter
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Production of hyperatoms/nuclel

 Primary target
— Production of = P /
pN -> = E+0 o= <o
Secondary target "q =

— Stopping of =
— Atomic cascade of =-

— Nuclear conversion X-ray
=+ p->AA + 28 MeV

PANGEA

— X-Ray spectroscopy of |
heavy = hyperatoms (0.1 - 1 MeV) ’ \
hypernuclei Y \

— v spectroscopy of I 3
light AA hypernuclei (0.1 - 10 MeV)
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Hypernuclear/atom setug

PANGEA

S ——
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Wans Detectir /
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* Dedicated target system
« PANGEA
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Target system

Primary target

=~

Hyperatom
208|:)b

\

Hypernuclei
1B+Tracker

RN
\

Secondary target \

HIM
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Primary target - Prototype

Carbon filament (r ~3um)

« 2D positioning system
— Several targets — Small
— Steerable for constant — UHV compatible, magnetic
luminosity field and radiation hard
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Secondary target optimization

« Optimization of absorber shape
— Maximize = stopping
— Minimize X-ray

S S — - —_
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Based on events generated in GiBUU
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PANda GErmanium Arra

Collaboration with NUSTAR (DEGAS) /

20 triple HPGe detectors

Full energy efficiency ~5 % @ %°Co
Electro-mechanical cooling (~LN2 temp.)
BGO veto

Fully integrated design

Cold head/ BGO veto Crystals
Cooler DCS ' \ '

— _ — ey e 0 T

Support electronics 3 x HV/Preamp

12 cm
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PANGEA: Coolinc
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Courtesy of I. Kojouharov

* Improved thermal insulation
« X-Cooler II/1ll too weak
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PANGEA - Prototype

Courtesy of |. Kojouharov

s
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PANGEA: First spectrum

FWHM: 2.8 keV (5°Co)

Test of HEX82, 2700 V]

6000 4 a0 l

g a0

counts

4000

2000

0

T T T T T | E— T
0 2000 4000 6000 8000
Ch.

Too high temperatures
prevented fully biasing!

Flying assembly with
prototype of preamplifier

Courtesy of I. Kojouharov
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X-ray spectroscopy of =- hyperatoms

X-ray spectroscopy of =--
hyperatoms




Observables

Nuclear
absorption
/

II NYZ /\yl /
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Energy shift AE
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l Yo
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P, r2ePU(r) [a.u.]
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Calculations performed with code provided by E. Friedman
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(n+1,1+1)=(n,1)

H I HELMHOLTZ
Helmholtz-Institut Mainz




Possible targets
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Calculations performed with code provided by E. Friedman
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Systematic uncertainties

0.3 i ] T l‘ ;: T ; ‘ T T T I
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Centelles et al., Phys.Rev.Lett. 102 (2009) 122502

* Neutron skin A, in 2°°Pb well-established
 Present uncertainty of A,, -> Systematic uncertainty in observables

Sys

H I HELMHOLTZ
Helmholtz-Institut Mainz

www.hi-mainz.de



% E‘ T ‘é .9 0.2; I — .
X — : — © - ]
0 10“; Inclusive events = = 0151 J( =
Q 8 — _ .Q - 1
g 10 = 5 2 o1 + J[ =
: — — — —
3 7L ] (o] C ]
10° E = 1 .
8 i E < 0.05 _‘- B
10° e (B0E) 1 5 ]
= 3 7
10°5 (E AE,) AK' E
= v, 3 -0.05
104 =
E (E,AE,) AK* A Veto = o
103 PR P S O I S W S S =
> — T T - T T T T T T T T T ‘
@ 1400 |
2 00% Foa ++++++ ¥ '
2 1200/ 77 et . o ++++++++++ £
= | L L L R T PR T T Ly
o 1000™%55 555 560 565
o E, [keV]

« Signals after cuts and efficiencies 1237
— 180 days at 2 MHz pC
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Estimation of V=
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Complementary experiments

HG rrrryrrrryr1rr1rr1r17 171717107 17T 11T 1T 7 T T T T 7T TTTTTTTTT]TTTTT
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I O
i 103:— K*A(11,10) -(10,9) A(10,9) —(9,8) E
U PANDA i ]
™ ) -1
- . 180 days, 2 10° s :
to KURAMA 5 | _
+ spectromter
K @ | ] |
o (6,5)—(5,4)
‘® ,,.o| J-PARC EO3
5 10 [ Phase-1
rﬁ‘v J-PARCEO3 | = [
to Hyperball-X .S :
©
See talk before lunch §_ B
K. Tanida = > "
. J-PARC E07 AB -0 i gt
10  30days (7,6)(6,5) &l

0 10 20 30 40 50 60 70 80 90
Atomic number Z

J-PARC EO7: =-C hyperatoms not included
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PANDA 2027
Hyperatoms @ HESR

Target
system

Test of 3D printed vacuum system

A Construction of full scale prototype
yp 4 Integration into PANDA DCS
- Construction of target system
b Design of modified beam pipe
p 2 Construction of beam pipe
Commissioning (P@HESR) b g
Commissioning (P@HESR) b 2
Ready for hyperatom experiment p

Construction of first triple prototype

p Test of first triple prototype
P 4 Construction of 6 detectors with XC2/LN2 cooling
» R&D for CryoTel cooler

p 2 Construction of remaining detectors

» Setup and commisioning (DEGAS)

Ay Physics (DEGAS)
- Construction of holding structure

Commissioning with 1 detetor ((@HESR) JEGDpG
Commissioning with 1 detetor(P@HESR) p

Ready for hyperatom experiment p

HI
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Take-home message

- PANDA@FAIR is a versatile experiment with a
broad physics program

« Strangeness nuclear physics is an important pillar of
PANDA

 Heavy hyperatoms unigue for PANDA, complementary
to J-PARC EO03/07
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Backup Slides
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Probability

0.8
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0.4

Range [mm]
40 80

Lead absorber

distance = 10 mm —
—— decay in flight .
—— stopped
— reaction

distance=0mm |
------ decay in flight
------ stopped
------ reaction

p._. [GeV/c]
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FEP-efficiency PANGEA
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HPGe irradiation test

Active neutron

detector 7\A

Germanlum
detector

Passive neutron
detector

/
= ‘!
Target ‘ | > I=a : h
J‘ : .) i‘;}
=4 L‘ '&

Beam outlet
50Co source
-

» [rradiation test at COSY with single crystal prototype

« 5.5days COSY
— 96 days PANDA
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« DAQ and therm. issues
decrease performance

 PSA allows patrtial
resolution recovery

* Annealing recovers initial
crystal performance
— Detector withstands
irradiation

* New systematic test:
TRIGA reactor (2019/20)
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- small dynamic range
- high detector temperatures
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Days of PANDA beam time
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