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"1. What is the orlgm of the matter antlmatter asymmetry in.our
Unlverse? B

2. ~What s the particle nature of dark miatter and does it contrlbute
. to the'cosmic radiation?

3. .Whlch is the orlgln and the acceleratlon and propagatlon
: mechanlsm of cosmic rays? . | -

A "-Durir_fg the Ias't 25 years, these.q'uestions have been addressed with increasing &
accuracy and experimental performances by a number space experiments like

AMS-01
PAMELA
AGILE. -
_ FERMI
AMS-02
CALET
' DAMPE
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Next generétion of bar_ticle phys'iés experiments in sbac’e'

4 -(.f'u'II'.Charact‘erization of. cosmic radiatior, including éntim'atte,r nuclei).

&,

hlgh bendmg power (1 3 Tm)

| -'Rellaple ,chqrg(—j,- S|’gn s_eparatlon. above 1 TV < preC|S|on tracklng

- _ . T, long-term mission (3-5.years) B
. Rarity of antimatter sighals < ' | . |
" : . . large detector acceptance -
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ngh preC|5|on partlcle astrophysms as a new WlndOW on the Universe
.~ with an |

._' : Antimatter La.r'g_eAcceptance Defec'tqr.an'rbit' -

.

Orlgmally proposed in 2016
.In 2019 submitted in response to ESA’s CaII for the VOYAGE 2050 Iong—term plan
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Thrée key.elenﬁents.':

RE superconductlng magnetlc spectrometer to measure part|cIe
- rigidity, charge magnitude and sign, with a maximum ,
‘detectable rigidity exceeding 20 TV and an acceptance higher
'than 10 m2 sr (~3 m? Sr in combination with the calorlmeter)

. e time of flight (ToF) system to measure the particle velouty and |
* charge maghitude; .

* large acceptance (~9 m?sr) 3D |mag|ng calorlmeter to measure-
particle’energy and dlscrlmlnate eIectromagnetlc from hadronlc '
components.
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Key performanc‘e parameters of t_He ALAI_DINO apparatus

*| Calorimeter acceptance -

_ ~9m?sr _
& Spectrometer dcceptance . >10 m2 sr(~3 m2 srw/i CALO)
' Spectrometer Maximum Detectable ngldlty (I\/IDR) ; - >20TV ‘
| Calorimeter depth | 61 Xy, 3.5\, -

~Canr|meter energy resolution

25% + 35% {(for nuclel)

Riccardo Musenich - INFN

2% (for e+/e-).

‘Calorimeter e/p rejection power | . | : > 10°

Time of Flight measurement resolutlon ' - ~ ~100 ps

High energy y-ray acceptance (Calorimeter) 5 | ~ 9 m?sr
‘| Low energy y-ray acceptance (Tracker) ¥ s 0.5 mZ sr

y-ray Point Spread Function . . ot <0.5 deg

%
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. " High Earth orbit _ - ' |
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Space-bdr'né, superconducting magnets

",-.As;t'ror'nag S designed,.never built
~ _ADR magnet for SXS ‘ | sate1|ite.de's_troyed 2 weeks after launch

~ AMS02- - built, integrated, tested, not launched

Stability and helium cfyo'genics hindered the

use of superconducting magnet in'space
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Space-bdr'né, superconducting magnets

" <. . Stidies on HTS/MgB2 space magnets for GCR shielding

-

ARSSEM* | ~ MgB, toroid
. MAARS** ‘. ReBCO solenoids
SR2S*** ~ MgB, toroids
“x8 INFN(co—fundedbyESA)- P o o > _ . X
*k NIAC | |

¥** - INFN - CEA — TAS-| — Columbus Superconductors — CERN (co-funded'by EU)
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Superconducting magnets for space applicafions |

‘Main requirements :

1. low mass budget, i.e. hlgh stored energy to mass ratlo
" and law density materlals |

2. low power cohs_umption, i.e. efficient cryogenics;

3. Vvery high stability.

Be.sidés, the presence bf liquid helium"ganks'is adrawback. .



A Propgsalfor\a Superconducting Space Magnet for an Antimatter Spectrometer Riccardo Musenich « INFN

_ H,TS (ReBCO)'toroid indhirectly cooled @ 30K -

" Light structural materials:

B,C-Aluminum composite, high strength aluminum and
“titanium alloys, aramid fibers | N

N

Low mass, sirﬁple cryogenics,'high_ stability
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MAIN CI:IARACTERiSTICS. OF THE MAGNET
" Nu;n'bér of cails o 410
" <. [Total current per coil . |440000 A
~ Op.erating curr.ent. ' | S ZOOA
IndAuct_ance J | 180H
A\_/e:rage- magnetic flux .den‘sity 0.8T
Average b_endin;g_power . , 1..1 Tm
'| Peak field at the conductor  * | 3'T.
tol.d mass. Dig & B ' ‘1200 kg
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Side cross-sectional view Top cross-sectional view
- 250K

10 te 40 K

1™ /) A

J ToF + trigger Superconducting coil ~ Tracker  Cryogenic shield + thermal link §
Cryocooler Mechanical support
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- Stability

Yl mwg HTS magnets, operating at 30 K; are ..
orders of magnitude.more stable than
low temperature magnets, wound
with NbTi or Nb,Sn conductors. -

Energy releases sufficient td_ initiate
- quenches in low temperature |
magnets, do not affect the operation™
of a:ReBCO magnet. -
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~ Slow char;ging/di_s'charg'i_ng, no leaks in vacuum insulation
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- Stability

rrans. Appl. Supercond. 15, 2005

Only catastrophic events. |
. (struetural failure, debris impact,
- heating due. to degraded Jomt)
can induce a quench
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Such a hlgh stablllty makes magnets wound with ReBCO, rellable - '_
and consequently suitable for space appllcat|on S : §



A Pro’posal.for‘a Superconducting Space Muagnet for an Antimatter Spectrometer Riccardo Musenich * INFN
Quench protection (?)

R Quench..br(jtection is generally a major issue in desighing HTS
. m_ag,ne_ts,' due to the low.propagation velocity of the normal zone.

No-insulated or partial-insulated coils could be-a solution (but
& mechanlcal (design must take into account unbalanced forces and _'
'torques ).

However, a quench |n a HTS magnet operating at 30 K IS un’IikeIQ.

Ifa quench occurs-due to catastrophic events the magnet does not
require protectlon (mission aberted anyway).
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Quench protection (?)

R Coh'side.rin-g' that magnet protection strategies conflict with the '
. mass budget requirements, the choice of a non-protected magnet
must be seriously-evaluated. | '

_ Current density can be pushed up and the cold mass can be further
reduced. | | '

; .E/V .z'zo M]/m3 = .E/V > 50M]/m3

CMS:E/V =~ 25 M}/m3
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- “Conclusions
ALADINO is.a detector proposed. for a'Iong term mission, to be
scheduled in the 30’s, so, despite the fact that magnet prellmlnary
'.de5|gn is based on the state of the art of the various components, -

some of the hypothesis are chaIIenglng and requwe a speC|f|c R&D
program

* Use of ceramic reinforced aIons and aramld flbers for the
/ mechanlcal structure.

* e . Use of pulsing heat pipes, never applled in space at low
temperature, to mcrease the heat exchange eff|C|ency, savmg mass.

* Design a non-protected magnet to get rid of the quench protectlon
system and pushing up the overall current den5|ty, in such a way tQ
~ limit the magnet mass. '




