FAIR, NUSTAR, R3B +EXL

FAIR — Facility for Antiproton and lon Research
NUSTAR — Nuclear Structure, Astrophysics, and Reactions

NUSTAR:

HISPEC-DESPEC - High-Resolution In-Flight and Decay Spectroscopy
ILIMA - Schottky and Isochronos mass spectroscopy

MATS - Mass measurements with a Penning Trap

LASPEC - Laser Spectroscopy investigations

ELISE — Electron scattering in a storage ring

AIC — Antiproton lon Collider

R3B — Reactions with Relativistic Radioactive Beams
EXL — Exotic Light-ions (exotic nuclei studied in light-ion induced reactions at the NESR
ring)



FAIR, NUSTAR, R3B+EXL

R3B - studies at external beams of nuclei
EXL — studies at internal beams of nuclei at the NESR ring

Physics goals:

Nuclear density distributions, single-particle structure, shell-occupation probabilities,
unbound states, nuclear resonances, transition strengths, astrophysical S factor,
giant dipole and quadrupole strength, B(E2), deformations, Gamov-Teller strength,
reaction mechanism, nuclear waste transmutation,...

Reaction type:

Elastic and inelastic pA scattering, total reaction and interaction cross sections,
knockout and quasifree scattering, electromagnetic

excitation and dissociation, charge-exchange reactions, fission, spallation,
fragmentation



FAIR - Facility for Antiproton and lon Research
—

Future facility

SIS 100/300

*Cost
—Approx €1000M
—€650M central German government
—€100M German regional funding

—€250M from international partners

*Timescale

—Feb 2006- German funds in budget 2007-14
—2007 start construction NUSTAR
—2012 phased start experiments

—2014 completion



NUSTAR facility
NUclear STructure Astrophysics and Reactions)

Exotic (radioactive) HiSpec :gamma spec Low-Energy
beams formed by DeSpec :decay spec Branch
fragmentation, LASPEC: laser spec
selected by separator. MATS: Penning traps *;
Pre-Separator Main-Separator . - H:gh-Energy
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%, Producti .
f\ r?r;gce;m —— ng Branii;

SIS'ZOU “ 100 m i :
Stored beam (rings):
EXL :hadron scattering

ELISe : electron scattering
AIC  : antiproton scattering
ILIMA : mass spectroscopy




FAIR

NESR

ELISe:
Elastic and inelastic

electron scattering
(charge distributions,
giant resonances)

Experiments with
stored electron cooled
ion beams

* World-wide unique

* Conceptionaly new

AlC:
Antiproton anihilation
on nuclear surface

(neutron skin thickness)

EXL:
Elastic scattering and
low-q reactions
(matter distributions,
monople resonances,
capture reactions,
trnasfer, knock-out)

g ILIMA:
* precise masses and
half-lives of many
nuclei

* Unique decay
modes



EXL

Internal target with
calorimeters




EXL setup

Heavy-lon
Spectrometer

Neutrons /
Charged Ejectiles

7|5, Recaoill
/"( _ Detector
Gasjet | geamin
Storage Ring

CxemaTunyeckoe nsoodpaxeHme ycraHoBku EXL

HeTeKkTop NpPOTOHOB (AAep) oTAaum



—— 10cm

« gasjet target

B thin window foil

B scintillator hodoscope
for y-rays and fast recoils

silicon detectors:

[l region A

[ region B

B regionC
region D

region E

LleHTpanbHOe cevyeHue aeTekTopa akcnepumeHTa EXL B
ropu3oHTaribHOM NSIOCKOCTU, MNMOKa3biBalolliee cocTaB
AeTeKTopoB, hopMUPYHOLNX KPEMHUEBBLIA MO3ULIMOHHO
YYBCTBUTENbHbIW CNEKTPOMETP U CLUUHTUNNALUOHHYIO O60OUKY.

KO .K. 3anuTte



DSSD. SiLi
~100 pm 6.0mm

Beam

DSSD Csl 200 mm
300 pm

First DSSD-e.g.2.1x2.1cm? 0.3/1.25 mm pitch (PTI, EXL) or 0.1/0.1 mm pitch R°B
Second DSSD —e.g 5.2x6.7 cm?, 0.1/0.2 mm pitch (Micron, EXL) or 0.1/0.1 mm pitch R3B

Si(Li) or Si -e.0.9x5cm? 4 x 2 pads ---- EXL
Csl —e.g. volume 3 x 3 cmZx 20 cm

(DSSD - double side silicon detector)



3anute A.1O., 3anute HO.K.

e Si, 300 ym thick, double sided,
spatial resolution better than 500 um
in Xand Y, AE =30 keV (FWHM)

 Si, <100 um thick, double sided,
spatial resolution better than 100 um
inXand Y, AE =30 keV (FWHM)

 Si(Li), 9 mm thick, large area
100*100 mm?,
AE = 50 keV (FWHM)

 Csl crystals, high efficiency,
high resolution, 20 cm thick

* TOF resolution = 1 ns (FWHM)



KpeMHuMeBble foeTeKkTopbl B akcnepumeHTe EXL
(v R3B)

HasHa4yeHue nn geTeKkropa exXHonorus HOBU3HA
-

n+CvD
yBCTBUTENbHas
nekTpomeTpus
-10maB naHapHas AHanoroB
O3ULIMOHHO D n+3D eT
yBCTBUTENbHas
nekTpomMeTpus

-100maB 25-3 mm)x 3 naHapHaﬂ AHarnoros
nekTpomeTpus €rMeHTMPOBaHHbIN

- 100maB
nekTpomeTpus

leTekTUpyrowan naHapHas AHanoros
HV obonouka » n+CvD eT

(M — noHHasa umnnantauma, CVD — chemical vacuum deposition, 3D — 3-dimensional)

erMeHTVIpOBaHHbIVI




|[dentification of the particles stopped in the first layer.



|[dentification of the particles stopped in the second layer



doTorpacuma npotoTvna nnaHapHOro cerMeHTUPoOBaHHOIoO
KpeMHueBOro aetekropa tonwmHon 1.5 mm (PTH).



P-side Energy Spectrum
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CnekTtp anbda yactuy nsorona # Am, nosiy4yeHHbIN

Ha YMEHbLUEeHHOM NPOTOTUNE CMEeKTPOMEeTPUYeCcKoro
ABYXCTOPOHHEro CTPMNOBOro fieTeKTopa, NoKa3biBaloLLUn
AOCTUrHYTOE dHepreTuyeckoe paspelwueHune okono 14 kaB (PTH).



reamplifier

Thermoelectric cooler

Flange ISO100

KoHcTpykumua moayns ¢ Si(Li) aetektopom, nsrotosrneHHbim B MAAD
(A.M. CenuBepcToB, A.X. XycanHoB).
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CnekTp anbda NCTOYHUKA C TPUNSIETOM NIMHUM,

Nony4YyeHHbIX Ha OAHOM U3 CEerMeHTOB
usrotosneHHoro Si(Li) petektopa (MAAD).



R3B setup

Large-acceptance measurement

Protons
y-rays
Exotic beam from Neutrons DR
Super-FRS '

Neutrons N

N T L e,

AE, x, v, ToF, Bp
High-resolution measurement

¥

CxemaTnyeckoe nsobpaxeHue yctaHOBKM 3kcnepumeHTa R3B.



Oo6wumn Bua kanopumeTtpa-cnektpometpa CALIFA (Bua no nyuyky) (AyoHa).



Total absorption efficiency 80 % (Ey=15 MeV lab R3B) Very large crystals
(Ey=2-4 MeV lab EXL)

Ey sum o(EqmV/<Eqm> <10%
v Multiplicity o(N)J<N> <10%
AE/E for y 2-3 %

AE/E for p (up to 300 MeV) 1%

Calorimeter for p

10 » 30 » 130 mm?3

R3B

. R3B Calorimeter Demonstrator: 15 CsI(Tl) elements
Calorimeter

element




CsI(T)/APD(10x10)
s <M> =50
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Collected Light, channels

AHepreTuyeckoe paspetwueHue Csl(TI)/JI® anemeHTOB ANSA Y- U3Ny4YeHUA
c 3Hepruen 0.57 — 2.50 MaB.
Ha pucyHke nsobpaxeHa Takxke reoMmeTpus oTaenbHOro Kpucranna.



Energy Resolution, %

IR
10°
Proton Energy, MeV

AHepreTuyeckoe paspeweHue Csl(TI)/PIJY anemeHTOB 06BLEMOM
1 cm3 n 50 cm® ansi NPOTOHOB B 3aBUCUMOCTU OT UX IHEPrum.



NeuLAND — peTekTop ObICTPLIX HEUTPOHOB
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LAND - Large Area Neutron Detector



Existing LAND detector
¢ 6 <280ps
*6 =~ oo

e Size:2x2x1 m3

» Plastic scmtlllator/ Fé

3;_converter sandwich structure =




Land efficiency

{1— Efficiency

Resolution:

Oret ~ 290PS
Ogi.~ 3 -10 MeV/c
GIVM ~ 0.2-1. Mev

0 200 400 600 800 1000 1200

Neutron Energy (MeV)

o




NeuLAND design goals:

¢ o0,<100ps

s 0,,." lcm

e Size : approx.2x2x0.8 m3
e Efficiency > 90% for 1-n hits

e Improvement of multi-n recognition

v

Timing RPC concept:

 Total of 140 m2 RPC

e Approx. 10'000 channels

e Converter material: integrated in
RPC structure

+

'Prot{ans at varlous eﬁergles (non MIPS)



—} n I W ‘E ]
- = Wi
i
1 [ 0 | 12
Fq 200 cm
f'/iyf \ '
+—4x50 cm—*
@ total 140 m2 RPC
@ approx. 104 channels
@ each module hanging on slide rod

@ total weight app. 15t



first test RPC - planned at GSI o

detector size 20 x 40 cm? with 8 anode strips 2.4 x 40 cm?

~ 300 u

i E 240m ;-
2 mm— Bm~— Ground

converter material integrated in the detector

200-300 u—

\(Pick-up Electrode)

{

~ 500 p—>

a

< 200 p—

Bl Fe () =17cm)

B Spacer (Fishing Line)

[ Floating Glass (~ 10" Q/cm, A4, = 12 cm)

— Glue

1 GAS ~985% C,H,F, + 1% SF,+5%iso—~C,H,, [_] Kapton

'R3B/EXL Collaboration Meeting 2007, October 17th

Konstanze Boretzky



MRPC prototype developed and built at FZD: stack of glass
plates




HoBbIn BapuaHT getekropa:

C MCMOMNb30BaHNEM CLMHTUMNALNOHHBLIX AETEKTOPOB,
HO NpY 3TOM 6e3 Xenes3Horo KoHBepTopa

ﬂ,eTeKTOp COCTONT N3 NMNNacTnH CUNHTUININALNOHHOIO MNMiacTunka

C nonepeYHbiMn pasmepamm — 5x5 cm?, Bcero 1600 nnactnH n 3200 oY
(nnn 3x3 cm?, Bcero 4400 nnactuH n 8800 PJIY).

[leTekTop nmeet pasmep 2x2x2 M3,

[MNAD — peTekTopbl Ana R3B u EXL.



TpekoBble OeTEeKTOPbI Af1f perncrTpaumnm ObICTPbIX MPOTOHOB U NIerkKux
3apsiXKeHHbIX hparmeHTOB B aKcnepumeHTe R3B

NMUAD yxe BHec ceomn Bknaa B R3B — aBe apendoBble KaMmepbl rekcaroHanbHoOm
CTPYKTYpbI 44 perucrpaumm npoTtoHos, paamepom 1.2x0.8 M2, co cumTbiBatoLLEN
anekTpoHukon CROS3. Kaxxgas kamepa umeet 2 cnod sveek X, n aea cnos Y.
B HacTosLwee Bpems Kamepbl yCreLwHo ncnonbayTcs B akcrnepmumeHTe LAND.

At
‘
%

Rl L2 1 T FARR

Hawwu kamepbl — DCH1 n DCH2



ACTAR
ACTAR at R3B

Large-
Exotic heam acceptance

Super FRS : dipole /

B | L] |'|f E//mtgmenl

Preliminary study of *2Sn(p,p)'32Sn at 700 A.MeV



ACTAR

grid (0 kV) IKAR
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ACTAR




Resonance State in 'H

MAYA: C.E.Demonchy etal. NIM A 583(2007) 341.

8He(12C,"3N)7H — 3H+4n
15.4 A MeV (SPIRAL)

H. Savajols et al.

---= Drift electrons 1 Csl detectors
Neutron — - 5 cm
—— Tritium —
— 8 He # ¢ Scm
C—— 13N - c'4 H1n A
Al —— 30 mbar j

[=

Anode wires

Segmented cathode

Drift chambers .

8He beam



p,A elastic scattering scheme

D=1m
[ H2,20 bar 4 p ]
A 1 _________Beam Shield
| —— ; A
XY X, Y X, Y XY
- 15m o im L 15m.___.

« Cylinder with Be windows 500 um
Beam shield d =2 cm
Beam tracking + vertex reconstruction
Pressure P in the range 10 to 20 bar



ACTAR

How Is it going to work?

anode strips

[ HE E I I I I T T TR TR AN B B e e |

Drift voltage ~100V/cm

!
\

/ N

!

&
E 4

"--L____.-r/

90% helium 10% CO2 gas mixture
Pressure of a few hundred mbar

)‘



ACTAR

ASIC cards Pads

Anode
Cathode

Symmetry around the beam axis

E // beam axis, uniform

Projection on the endcap of the cylinder
B // beam axis

Quantities to be measured:

Curvature radius, collected charge, range, angles.
For 0.5 mm position resolution, AE/E=2AR/R,
expected energy resolution=100 keV for 8, >20°

| Al tracks from a beam view | Evai s s
i Lol ?

N Baany i
i ‘-"-' et AME Frid

E‘ . F L]

=200




First step: IKAR chamber

It is necessary to

Grid N
, exclude a contribution
# recolled from |on|z§1t|or1
{ proton by the projectile

™
’\— : ; 2 Sn beam

Anode ' Cathode

A correction on the energy lost in the central dead region



3anpoc Ha (puHaHCcupoBaHue anga akcnepumeHtToB NuStar

CMONHUTENMN anpatum-
Baemasi cymMMa

r'|9I7ITpOHHbIl7I crekTpomeTp (y3nbl) r'IVIFIGJ 1400 k€
Famma cnektpomeTp (y3nbl) FHLI, KW, onaun, PodaU-BHUNI®  H000 k €
AKTUBHasA MULLEHb (NMOSTHOCTbIO) nuao 1238 k€
EXL

r'|9I7ITpOH. cnekTpomeTp (nonHoctbo)  FUAD 2800 k€
KpemHueBble NnnaHapH. AeTeKTopPbI dTU, 3A0 HUAMB, NMUAD 6880 k€
Tonctble Si Li-gpend. aeTekropbl nudo 1000 k€
OreKTpoOHMKA K AeTeKTopam dTU, 3A0 HUMMB 1500 k€
[Famma cnekTpomeTp (NOMHOCTLIO) FHLI, KW, OUAN, POAL-BHUNIODP  [3626 k€
Tpek. getekT. (Mpon. kamepbl) (nonH.) FIUAD 224 k€
rVIATS

Fanox KannépoBku (MOMHOCTbIO) r'IVIFIGJ

[DeTekTopbl MeaneH. yacTuy, (yanbl) nuao
ILIMA

KpemHueBble geTekTopbl (MOSH.)

ELISe

rV|OHVITOp CBeTUMOCTU (NOSHOCTLIO) F’HLII KW, "an

[leTtekTOopbl LAHReS




dunHaHcupoBaHue pabot B Poccuun: 2008 r., 2009 ., 2010 r., 2011 r.?

Nugua — 1.6 MEBpo,
bputaHusa — 6 MEBpo
NcnaHua — 0.5 MEBpo
[[epmaHus ...
BeHrpus ...
[MopTyranus...

Poccuga - ?

BaHoc — 10-20 kKEBpo B rog...
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