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THE PUMA EXPERIMENT

Motivation, objectives, and current status of the apparatus
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Halo = Core nucleus orbited by weakly- Neutron ® Pn(r) €xceeds p,(r) significantly on
Nucleus bound neutrons or protons skin the surface
= pn/p(r) extends far from expected = Characterized by thickness:
€ 10 e.0.Halo 1L has ~ 7,y as Aty ~ 0.2fm for1208Pb )
“Pb Aty = <12 >2 —< 12 >2
= QM: nucleons tunnel through the = shell closures, possibly low-density
nucleus’ potential barrier pure neutron matter
p(r) — Proton (1) — Proton ~ P(D) — Proton

— Neutron — Neutron — Neutron

r r r
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antiProton Unstable Matter Annihilation (PUMA)

= p : probe for surface of nuclear structure

= p captured in excited antiprotonic orbital
& annihilate in tail p;,/, (1)

= Conservation of total charge & energy
— carried by final-state pions
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antiProton Unstable Matter Annihilation (PUMA) NS
antiproton-proton antiproton-neutron
Pion final state Branching Pion final state Branching
mom’ 0.00028 " 0.0075
o070 0.0076 mkn®(k > 1) 0.169
‘.’FO?TO’}TO‘."I'O 0.03 N 0.0023
't 0.0032 o ata® 0.17
a0 0.069 mr ntkn®(k > 1) 0.397
ntw O 0 0.093 na n atat 0.042
+‘n‘ G‘TO?TOTF 0.233 rr n atata® 0.12
+‘n‘ G‘TO?TOTF 70 0.028 - atntkr®(k > 1) 0.066
nta-rtw 0.069 T a w Ttk (k > 0) 0.0035
rtr +7r 0 0.196
ntr 7r+7r 7Or° 0.166
nta ntnw WOWO 0.042
ntr +7r 71' T 0.021
— 0
= p . probe for surface of nuclear structure rrrte st 0.019
o . o Z 0 for pp
n =
p captured in excited antiprotonic orbital q, —1 for pn

& annihilate in tail p;,/, (1)
: Nn Pn : :

> Zn d., of all reactions <> IR > p_ (density tail)

: p p

= Conservation of total charge & energy

— carried by final-state pions
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Antimatter Decelerator (AD) and Extra Low ENergy
Antiproton (ELENA)
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Input: 1.5-10" p* at 26 GeV/c

~ 3-10" pbar arrive in AD

Deceleration of antiprotons:

- 5.3 MeVinAD
- 100 keV in ELENA

Duty Cycle of AD:
1 bunch (3107 pbar) every

Duty Cycle of ELENA:

4 bunches (4-10°pbar each) every 15 s

24.01.2023
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Antimatter Decelerator (AD) and Extra Low ENergy
Antiproton (ELENA)

y
i l!'.lf}r-?.__} . . Deceleration and cooling
Pl (3.5 0.1 GeVic)
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Input: 1510 p* at 26 GeVic @ ciewn

)-{ Deceleration and
"7 cooling .
[ — 13.7 MeVic)

.'ﬁ_‘a\. '

~ 3-10" pbar arrive in AD

Deceleration of antiprotons: E r[
- 5.3 MeV in AD I ¥
- 100 keV in ELENA
Duty Cycle of AD: §
1 bunch (3-107 pbar) every 120 s
-‘%}_} | ; £%-
Duty Cycle of ELENA: A

4 bunches (4-10°pbar each) every 15 s T ks 0 seeatgeaen | o |00 A
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First Physics Cases

= at AD/ ELENA: investigation of neutron skin evolution of stable isotopic chains

— gas ionization source; 36-40Ar, 128-132,134,136X o

— laser ablation source:; 49-48Caq, 110-126G 208pp

» at ISOLDE: investigation of thick skins and halos in unstable nuclei

Nucleus Half-life T,,, Statistics Expected phenomena
(1 day of beam)
%He 807 ms 108 neutron halo
8He 119 ms 4-107 thick neutron skin
"Ne 109 ms 10° proton halo
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PUMA @ AD 2m
-—————— — — >
100 keV 1
= v
p from wall to exp. hall 96 kV pulsed quadrupole bender

ELENA }

drift tube for ion insertion

quad doublets

e . P Eam | | [ PUMA main frame PUMA annex frame

offline ion source beamline

= deceleration of p from 100 keV to 4keV by pulsed drift tube (PDT)
= operation cycle: 1 bunch (~ 4-10° p) every 120 s — aiming for 10° p

» mass-separated (MR-ToF) & bunched (RFQ) ions from offline ion source
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/—M fully

mounted

e

fully mounted - J
N

mounting in 2023

. J
Yo

mounting in 2023, currently tests at TUDa
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THE PUMA TRAP & VACUUM

= Experimental cycle incl. transport to ISOLDE: ~30 days
— storage time t limited by residual gas pressure

= 7 [days] ~ 6-107"¢ - T [K]/ P [mbar] — Py < 10~ ®mbar
PUMA collaboration, PUMA, antiProton Unstable Matter Annihilation, Eur. Phys. J. A. 55:88 (2022)

= Cryogenic temperatures (4.2 K) in trap required — Cryopumping

I 1 !

1 B ' l PUMA Penning Trap

Solenoid

— : l
‘ | 0K Cryostat

Collision Trap Vacuum Chamber Storage Trap
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THE PUMA TRAP & VACUUM

= Experimental cycle incl. transport to ISOLDE: ~30 days
— storage time t limited by residual gas pressure

= 7 [days] ~ 6-107"¢ - T [K]/ P [mbar] — Py < 10~ ®mbar
PUMA collaboration, PUMA, antiProton Unstable Matter Annihilation, Eur. Phys. J. A. 55:88 (2022)

= Cryogenic temperatures (4.2 K) in trap required — Cryopumping

Cryocondensation Cryosorption

= Attraction of similar molecules at low T

_, limited by thermal conductivity of condensate = Attraction between gas molecules and substrate

= |f adsorbed quantity smaller than 1 monolayer:

Py < P,

= Key property: saturated vapor pressure B,,
P, ~10~"mbar for H, at 4K

N N
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DETECTION SYSTEM

Requirements:
= Time Projection Chamber (TPC) and Trigger Plastic Barrel - Reliability (long term without maintenance).
= TPC allows for 2D-pion vertex reconstruction = >60% detection efficiency.
= Trigger adds timing information — 3D-track = Resolution 400 um.
= E field = 200 V/cm (ie: Cathode @ -6kV).
= Currently designed at CERN, first tests 2023 = Field uniformity.

= Minimization of sparks and microsparks.
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FINAL STATE INTERACTIONS
Y. Kubota et al., in preparation (2023)

+
Absorption wE or p+p wlo FSI n+p wlo FSI
charge exchange 1% pp [ PN
rl p+p w/ FSI n+p w/ FSI
. F = = -
Initial state: - PP - PN
(n*,m,n°%) = (2,2,1)
5=0,M=4
: T#0 T T#-1
Final state: == »
(|'|+,|T,|'|0) = (1,2,2) i ! 2Tota|%hargt£ s e I 2Totalcc‘):hargiz
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FINAL STATE INTERACTIONS

Absorption w* or
charge exchange 1%

M

Initial state:
(n+ln_ln0) = (21211)
>=0,M=4

Final state:
(n+ln_ln0) = (1,2,2)
>=-1,M=3

24.01.2023

Y. Kubota et al., in preparation (2023)

+
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Event-by-Event analysis
not possible

— statistical analysis
dependenton X and M
considering w* and A%

Main limitation for
detection sensitivity:

Simulations: 10% in %
1%

P
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PUMA @ ISOLDE

Beamline under design, first experiments foreseen in 2024

PUMA experimental zone low-energy 4keV beamline
XHV (1011 mbar) isotopic selection (MR-ToF) and bunching (RfQ)
UHV (10-8 mbar)
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DECELERATION OF ANTIPROTONS TO 4KEV IN NOV. 2022
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96 kV PDT || 4 kV EL
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DECELERATION OF ANTIPROTONS TO 4KEV IN NOV. 2022
Antiproton Deceleration Scan @ -96 kV
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successful deceleration from 100 keV to 4 keV & first p in the PUMA experimental zone
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SUMMARY & OUTLOOK

= PUMA is a new experiment at CERN accepted in 2021
» [taimes at low-energy antiprotons to probe the tail of the nuclear density distribution

= Observable: neutron-to-proton-ratio, which allows to investigate nuclear phenomena like Halo nuclei
and neutron skins of stable (ELENA) and exotic isotopes (ISOLDE)

= Transport of p from ELENA to ISOLDE
» First p in PUMA experimental zone in November 2022: operation of 96kV PDT confirmed

= First experiments at ELENA in 2023, first low-energy RIB experiments at ISOLDE in 2024
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THE PUMA COLLABORATION
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SOME PICTURES OF PBAR BUNCHES
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HOW TO DEAL WITH FSI

= Neural-Network-Approach: feed M-Z matrix as input data for statistical analysis

"M\ [ -5 4 3 2 1 0 KT #2 43 44
() () () () (0 () 1384 0 () () ()
| (0 () () () 2696 0 1079 0 () ()
2 0 0 0 1403 0 18331 0 2188 0 0
3 |0 0 284 0 12946 0 13783 0 280 0
| (0 27 () 2993 0 23029 0 2035 0 I8
5 |2 0 313 0 6414 0 1189 0 111 0
6 |0 21 0 634 0 2116 0 232 () 3
7 () () 20) (0 312 () 142 () ) ()
ba) 0 () 0 3 () 4 0 (0 0 0
9 () () () 0 () () 0 () () ()

Example for simulation-based training data (INCL)

= Qutput: FSI coefficients for absorption and charge exchange & %
p
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VACUUM SIMULATIONS
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On-Axis Number Density (1/cm?)
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challenges ansatz

. good vacuum, < 10™*° mbar * NEG, aluminium, Macor

« personal safety * safety cage, interlock

« electrical safety * no edges, triple junctions

 fast switching times, ~ 100 ns *  MOSFET switch

« RCcircuit, 7 = RC * low resistance, high current

conductor
triple junction

guard ring
insulator

Best advice from GBAR: Slow rising of voltage before switching prevents sparking
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