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» The PANDA experiment at FAIR

» Strangeness nuclear physics at
PANDA
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FAIR - under construction

er 2019
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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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Panda Collaboration, Physics Performance Report for PANDA

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 double
potential in cold neutron-rich AA hypernuclei,
baryonic matter baryonic matter hyperon mixing
Methodology
YY momentum Width and shift of Excited state
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
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er (1S) ! Forward Spectrometer (FS) '

RICH TOFWall EMC  Muon Detector LMD

L
! Target Spectro
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Hypernuclear/atom setup not shown

« Almost 4T High res. tracking + PID 7
* Avg. 20 MHz Vertex rec. for e.qg.

« 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
Z+p->A4+ 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 ——
-
=3 o

Wans Detectir /
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* Dedicated target system
« PANGEA
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Target system

Primary target

=~

Hyperatom
208|:)b

\

Hypernuclei
1B+Tracker
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Secondary target \

HIM
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Primary target - Prototype
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Carbon filament (r ~3um)

« 2D positionihg; éystem
— 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 — - —_
E 2f 1B E 2 Geometry: 20144 -
>.1-5:_ _’ >‘1.5: Entries: 269748 ] 2000
F 1 —{8oo
11— . 1
- - 1500
0.5 - 0.5
: 600 :
| - of
B ] - 1000
Y= - 7%00 s
-1 - 1
- 200 500
1.5 i 15
256555 55 545 54 535 53 525 52 O 2 E T s 0 s s 2 0
z [cm] -x [em]

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-mech. 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 - Prototype

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

X-ray spectroscopy of =--
hyperatoms




Observables

Nuclear
absorption
/
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P, r2ePU(r) [a.u.]
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Calculations performed with code provided by E. Friedman

www.hi-mainz.de

(n)),E

(n+1,1+1)=(n,1)
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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
L] experimen ; AE ’ ;
E | linear average g 2 i co®®® oe?® ]
= of experiment A — " Teee® ® ]
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= 2 L r _
4 L o FSUGold 1.5" Tl -
>~ L o SLy4 . I T .
8 0.1 57 g - mat amEE 1
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v - = 4 - p atoms -
c _0-1 - % | — pygmy DR ]
= [ iy - |
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0 0.1 0.2 W 0.1 015 02 025 03 0.35 0.4
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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
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« Signals after cuts and efficiencies 1237
— 180 days at 2 MHz pC

stat
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Estimation of V=
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Complementary experiments

HG T T IFTTT T T T TT I TTT T T TTTT I T T T TT
£ T 1
I O
i 10° = K*A(11,10) -(10,9) A(10,9) —(9,8) E
U PANDA i ]
= B 180 d 2.10°% s i
Fe target +.=. | s ° _
to KURAMA 5 L _
+ 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 after lunch o i
o
T. Yamamoto 2 5 )
. 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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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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Helmholtz-Institut Mainz



THEIA-STRONG2020 - Workshop 2019

25-29 November 2019 Technik Museum Speyer, Germany

https://indico.gsi.de/event/8950/overview

STRQNG HIM
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X-ray spectroscopy of =- hyperatoms

70— — — — - S - Nuclear
oIty (Ng+2) absorption
67 — — — — — — — — — —— — — — — Auger / N.

i i3 i i1 i i i+ i transitions Y1 I'Y_yz
14 — - - —r - - - Ty
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12 — - - T U !! g +1 ! yﬁ ' l—-abs
M ——— === ==~ 7_,,! ny+2 Fad'?tt.'ve (No+1) = — not1
10 o= a=arnasarans s mas e ransitions abs | rem
g ',_---_---_--T--_--T--_--T--‘!"nono+1$ rn0+1 +Fl’lo+1
81— === - - \ E-

b — - — - — - : = Nuc| : —>

g R E ) eUS Interactio yz
5l - - - ="-208ppy n
PR :
3 E_ - NUC|ear E FEE R R R ER YR NN Ener Shlft AEnuc
2i- - absorption : () — A g_y o
14~ : and width 3PS

Adaptation from T. Aramaki et al Astroparticle
Physics 49 (2013), pp. 52-62

— Measurement of V-
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Versatility of antiprotons

<+—HESR Range——>

e /s: 2-55GeV 0O 2 4 6 8 10 12 15 [GeV/d]
« High hadronic production rates ] JL. 'A_' ng—;
— High statistics of strangeness 55 DD, .
and charm - ==
— New exotics Ssqcﬂ e | ctag

— Already at ,Day-One”
- Direct formation of all JPC states "¢ :-+ 559 | FHbrids ccg
« Associated hadron-pair production

— Access to hidden-stange/charm
had rons i cC Conventional

— Tagging possibilities e JWncxg | States

— Good resolution and low l | I
background near thresh. 3 3 4 Invariant pp Mass

ggg ... 99
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PANDA expectations

S i _
> | | _
g 2000 i w/o strong int. _
10 i . |
° ] | 8(AE * 140
- I | e =+ 140 eV
4 - (10,9)-(9,8)) ¢y ¢
2 oo | i
§ 1500 with strong int. |
o _
— M BV
- =--203Ph potential from PRC (59) 1999 295-304 |
1000 | | | | | | | | | | | | | | | | | | | |
550 555 560 565
E, [keV]
* Full simulation « Data taking: « Average interaction
180 days rate: 2 MHz
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Hyperons In neutron stars

« Sequence of hyperon appearence depends on B-B interaction

« X — N interaction repulsive -> X will probably appear last

n./n

n./n

1

0.01

0.001

0.01

0.001

0.1F

0.1k

EFSU2R (nuc)

T
T

0 2

Tolos et al., Publications of the Astronomical
Society of Australia, 34, E065. (2017)
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—~ l yo (n0+3,|0+3)
YoAY =L (n,+2,1,+2)
Y1
T~ (n+1,l +1)
Y1/\y2 '< Y2
s (n,.l,)

H I HELMHOLTZ

www.hi-mainz.de Helmholtz-Institut Mainz



= hyperatoms

* IMyped= ~ 2570 Myed,e

nl 012 68 69
70 _____!'T“___! __________ :!r
» High initial (n,|) states 8 _______TIIIIIIIF
67 — — — — — — — — — e — — — — — Auger
P i i i i i i i i i i transitions
« X-ray energy to keV-MeV a4 - ____ M
. I A W ¥
— Germanium detectors O
11 — — — — — — — — — — _,!’n0+2 Radiative
10 =im-ar-sceroscer-s-a 2 +1 transitions
1 . nz 9 T--_---_-.T-___-T-._._T-.—,n 0
 Radius of states: r « .- "o
Myed ? o T T T T T :
— Nuclear interaction in Bl _ P
: : L © = _208Pp
neutron rich periphery 2 ! P
— Measurement of Vg 3i{- - - Nuclear :
f . — —  absorption

----------------------

Adaptation from T. Aramaki et al Astroparticle
Physics 49 (2013), pp. 52-62
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Probability

0.8

0.6

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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J-PARC EQO3

Hyperball-J
—> \/
ob target
CH
KURAMA magnet
Om Im 2m 3m
L | | |
Fe target
to KURAMA
K- K+ spectromter
" % i Al
1 & 7’
15mmi b s 4
;p.._.yé ________ ..“EHJn1rn
30mm
J-PARC EO3

to Hyperball-X
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K. Tanida, 27t J-PARC PAC Meeting (2019)
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J-PARC EOQO7

Experimental apparatus of EQ7
J-PARC Hadron hall K1.8 beamline

Diamond target  ssp KURAMA Magnet

Ge detector array
(Hyperball-X)

Ge N = stop with nuclear fragment (900 events)
=+Br (~316 keV)l =+Ag (~370 keV) w/ BGO suppression

T TEe—— - W .
( ‘-n_ | T N

(7,6) > (6, 5) (8,7)>(7,6)
i — ,.\./_,

77 VR
&
(A
\

count [/1keV]

N

0 E ll, IIIIIII\III“Il 1] ‘ L NENINEN | | I
00 200 300

| LU
400 60

(&)
O
OF=

700
energy [keV]

M. Fujita, X-C hyperatoms, JPS autumn meeting 2019
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EO7: =-C hyperatoms

30

20

counts / 2 keV

IIIIIIIIIIHIII

o
=]

100 150 200 250 300 350 400 450 _ 500
energy [keV]

n
o

—L
o

——— calculation (WS, V=15 MaV)
— calculation (WS, Un=20 Mav)
data, (1)A E < 0 [keV] (upper limir)

* No evident X-ray peak

—

H L A L

« Insufficient statistics
for upper limit in yield

W, = 0.1 MeV

Upper limit (68% CL) of BR(3D—> 2P)
s 3
r L

Illlli 1 1 Illllli 1 1 Illllli 1 1 L1 1111
- 2
10 ! widih I'(2P) Ike\}P
M. Fujita, X-C hyperatoms, JPS autumn meeting 2019
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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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; _l I LI I I L I I | I L I T | I I |
« DAQ and therm. issues £ | .
decrease performance £ g 0 0 © 00
E - COSY  ~ PsA corrections i-
[ o i
- PSAallows partial 6 o © 0O co®°®® ¢
resolution recovery - oo °* -
| o al® Lab (no PSA) F
« Annealing recovers initial -A - small dynamic range [1-
crystal performance | - high detector temperatures Annealing t
: T m
— Detector withstands ol Lab ]
irradiation I 1

u | I 11 | | | [ | | | | | | | | | 1| | | | | |

0 1 2 3 4 5 0

« New systematic test: Number of neutrons [W]

TRIGA reactor (2019/20) $| [ |1|O| 1 |2|0| [ |30| 11 |4|0| |1 |5|0| [ |5|0| || |7|U| 1 Islﬂl | | |g|0| [
Days of PANDA beam time
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