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The Cl upgrade: what we're doing

* Recommisioning the K150 (88”) cyclotron
* Constructing light- & heavy-ion guides to catch Rls

* Will charge boost and inject into K500

Project deliverables:
* high-intensity beams from stand-alone K150

* use K150 as driver for secondary RIBs accelerated
with K500 cyclotron
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TEXAS A&M UNIVERSITY - CYCLOTRON INSTITUTE

|
b, - K500 CYCLOTRON

ECRION -~
SOURCE

15

LIGHT

RADIATION BEAM ANALYSIS E ION GUIDE

EFFECTS SYSTEM L ‘

FACILITY 1994 R, £

1994, 2000, 2005 \ CB-ECR .~ 7
SOURCE & O

/ & T:t'l
ECRION ; £ 3 |
SOURCE » b W HEAVY
' - } ION GUIDE

MARS RECOIL
SPECTROMETER
1962

—_K150 (88")
CYCLOTRON

BIG SOL

SOLENOID 1 f
2003 5 ION INTERACTIONS
; LINE
NIMROD R
1999
TAPE TRANSPORT & MDM SPECTROMETER

PRECISION DECAY
FACILITY
1999

. Cyclotron T
Dan Melconian Institute AlM

1883, 2000



Expected 88" Beam Intensities

Max Max Max Max
Sl Energy Intensity SRS Energy Intensity

[MeV/u]  [puA] [MeV/u]  [puA]
p 55 27 “Ne 26 3.0
d 33 21 “Ne 27 0.5
*He 45 11 S 19 0.7
‘He 33 10 “OAr 16 1.4
5L 33 7 “Ca 16 1.5
“Li 24 7 *Co 11 0.9
B 33 3 Kr 9.5 0.6
"B 27 3 BKr 7.8 0.6
0 33 2.3 2Xe 5.3 0.5
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lon guide configurations

1. Light lon Guide: like JYFL, mainly (p,n)
reactions; also fission fragments using very
heavy targets.

2. Heavy lon Guide: like ANL, use a gas-
catcher to collect deep-inelastic reactions of
heavy ions on targets
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1. Light lon Guide System

in collaboration with J. Arje — Jyvaskyla

CB-ECR
iq_p source

0.

LR
1t 35

i ~001 mbar

2.4 m sextupole

( . .‘ .ﬂ | | L'_" 7 ion guide

¥ ‘ l ~10° > mbar

Target chamber
~300-500 mbar He
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Expected Intensities from LIG

(p,n) reaction max energy intensity
product [MeV/u] (pps)
7S 57 5.4x10°
Mn 45 2.1x10*
187 45 5.4x10°
“Ga 45 3.5x10"
g 35 3.5x10*
1081 28 5.4x10*
108 28 2.7x10*
0| 26 5.4x10*
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Expected Intensities from LIG (cont)

flssion max energy intensity (pps)
fragment [MeV/u] (20% |G eff)
%63y 31 4.3x10*
9By 30 3.9x10°
1007y 29 3.6x10*
103N 27 3.2x10°
105\ o 26 2 6x10°
07T 25 1.1x10°
10RY 24 1.1x10°
2Rk 23 0.9x10*
5pg 22 1.4x10°
"7Ag 21 1.1x10°

129Cd 20 1.0x 260 Cyclotron w
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BIGSOL-ANL gas catcher setup

ANL Gas-Catcher:
Axial Beam 25 cm Diameter

Blocker Energy 140 cm Length
BIGSOL Degrader

H /| 1 | ﬂmiu

| —

Target

RIB PID

Beam from Diagnostics Setup

K500 Cyclotron

BIGSO\
Target Gas-Catcher
/ 0% Apl/p

\keL +2.5% Ap/p
AX|aI Bloc | 7 E- Degrader

0,=3° @,=3
Rays through BIGSOL: “Ca,+ (15 MeV/A) Bp=1.344 Tm, B,;=3.305T, I, =87.1A
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2. Heavy lon Guide System

in collaboration with G. Savard — ANL

Diagnostic

Gas Catcher

Extraction RFQ| B Roots |

Multi RFQ
Central Lift

Micro RFQ
Bunching RFQ
lon Source

(Ortho-TOF X

= A

DC Extraction Einzel Lens \T i ST 2(DC Steere ‘
Einzel Lens DC Steerer | | J;ESK?} °__mcp ‘CB ECR \‘
HV Platform | | E- | |
" ‘ 2 |
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Comparison: “Ar(15 MeV/u) + *Ni

1000 ' 41 F ]

100 | K _ e MARS data
10F : — DIT/GEMINI
i [ 1P) ] el S CoMD/GEMINI
0.01 | 1 EietemeiBioh Sek Fudlhy EPAX
0.001 =
0.0001 L L L L

34 36 38 40 42

Data show enhanced cross sections of

1000 F LI I B R BN B T 1F L T T L I B B E : y A 1
2 ok 1 ] n-rich nuclides close to the projectile *
5 wf : :
g 1 E _: —: - H
s b ] ] Model Calculations underestimate the
§ 0.01 [ E 3 cross sections on the neutron-rich side
0.001 4 E ]
0.0001 L1 -|1 p) PR B 1 M { | -
32 34 36 38 40 42 44 46 30 32 34 36 38 40 42 44 DIT: Deep Inelastic Transfer:
S N L. Tassan-Got, Nucl. Phys. A 524, 121 (1991)
10 | 7

1F 7 Z=14 o CoMD: Constraint Molecular Dynamics:
E M. Papa et al., Phys. Rev. C 64, 024612 (2001)

0.1 E ‘ GEMINI: Binary decay code:
0.01 ¢ ¥ S 7 R. Charity, Nucl. Phys. A483 391 (1988)
0.001 ¢ IF E EPAX: Cross Section parametrization (high-energy)
0.0001 ¢ 3 £(-4p) 3 K. Suemmerer et al, Phys. Rev. C 61, 034607 (2000)
le-05 o L0 1 0 1 0 1 0 1 0 1] P E S B I

26 28 30 32 34 36 38 40 26 28 30 32 34 36 38 40
Mass Number A

* G.A. Souliotis et al., Phys. Rev. Lett. 91 022701 (2003)
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E.g. S from “°Ar (13.7MeV/u) + **Ni

Al ANL-type gas-catcher:
Target: *Ni o o Energy 20 cm diameter, 1.2 m
(20 mg/cm?) 0.0 degrader length, ~0.5 atm He
SOLENOID l }
K150 beam: }
. TR I
r (13.7 MeV/u)
~0.9 puA ~40 mg/cm? Al Range in the gas cell (SRIM-2003)
38S energy : ~2.0 MeV/u 8S at 2.0 MeV/u: 35cm
(0.0-5.0 MeV/u) at 5.0 MeV/u: 100 cm

38S cross section: 20 mb (6.0 mb)

Energy: 11.0 MeV/u (8-13 MeV/u) Charge boosting: ~4%

Reacceleration: ~11%
Total production rate: 5.3x107 pps (1.6x107 pps)

Rate after BigSol (30% eff): 1.6x107 pps (0.5%x107 pps) Final re-accelerated
rate: 1.8x10* pps

Rate after gas-catcher (25% eff): 4.0x10° pps (was expected to be 5.3x10° pps)

(1.3%108 pps)

(calculation courtesy of G. Souliotis)
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Project progress/schedule

Original Updated Forecast Completed

FYO09

FY10

FY11

Dan Melconian

Reaccelerate LIG RIBs in K500
Reaccelerate HIG RIBs in K500

Q210

Q311

Cyclotron

TASK# Level Milestone Baseline Baseline /Actual Yes/No
1 Start Project Q205 Q205 Yes
1 2 Bid Award for K150 Coil Power Supplies Q3 05 Q3 05 Q3 05 Yes
2 2 Light Ion Guide & SPIG Design Complete - Phase 1 Q3 05 Q305 Q305 Yes
1 2 K150 Vacuum System Design Complete Q4 05 Q4 05 Q4 05 Yes
1 2 K150 Initial Vacuum System Equipment Procured Q1 06 Q1 06 Q1 06 Yes
1 2 K150 ECR & Injection Line Design Complete Q1 06 Q106 Q106 Yes
2 2 Light Ion Guide & SPIG Materials Procured - Phase 1 Q1 06 Q2 06 Q3 06 Yes
1 1 K150 Initial Vacuum System Commissioned Q2 06 Q4 06 Q4 06 Yes
2 1 Light Ion Guide & SPIG Assembly & Testing Complete - Phase 1 Q3 06 Q4 06 Q3 06 Yes
3 2 n+ Transport System Design Complete Q1 07 Q107 Q107 Yes
1 1 K150 Start-up Sub-Systems Restored Q3 06 Q207 Q2 07 Yes
1 1 K150 Coil Power Supplies Commissioned Q4 07 Q207 Q2 07 Yes
2 1 1+ Ions Transferred Through SPIG - Phase 1 Complete Q107 Q207 Q2 07 Yes
1 1 K150 RF System Commissioned Q3 06 Q307 Q307 Yes
1 1 K150 ECR & Injection Line Commissioned Q307 Q4 07 Q307 Yes
1 1 Extract First Beam From K150 Q307 Q108 Q4 07 Yes
1 R K150 Beam Line Materials Procured Q2 07 Q108 Q2 08 Yes
2 2 Heavy Ion Guide Development Complete Q2 08 Q208 Q208 Yes
3 2 CBECR-IS Installed Q4 08 Q4 08 Yes
2 2 Heavy Ion Guide Design Complete Q1 09 Q109 Yes
1 1 K150 Beam Lines Assembled Q2 08 Q209 Q209
1 1 K150 Beams Transported to Ion Guide Cave & K500 Beam Lines Q2 08 Q209 Q209
2 1 Light Ion Guide & SPIG Assembled - Phase 2 Q1 09 Q4 09
% 2 LIG Target Handling System Design Complete Q409
3 1 CBECR-IS Commissioned Q309 Q4 09
1 1 Extract 14 mircoA 30 MeV Protons Q209 Q110
2 2 Beam Dump & Shielding Materials Procured Q109 Q210
2 2 Heavy Ion Guide Materials Procured Q210
3 2 n+ Transport System Installed Q4 08 Q210
3 1 n+ Transport System Commissioned Q309 Q4 10
3 1 Accelerate Stable Ions Through K500 Q3 09 Q4 10
2 1 Beam Dump & Shielding Materials Commissioned Q309 Q111 J une 201 1
2 1 Beam Induced 1+ Ions To CBECR-IS - Phase 2 Complete Q3 09 Q111
2 2 LIG Target Handling System Installed Q111
1 1 0.9 pmicroA 13.7 microA MeV/u Ar on target Q111 Q311
2 1 Heavy Ton Guide Commissioned Q111 Q311
3 1
3 1
1

Project Complete
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Scientific Program

* Nuclear astrophysics: ANC by transfer reactions

* Nuclear structure: Giant monopole resonances,
x—cluster structures

» Fundamental interactions: V / CKM unitarity,

lifetimes, BRs, EC rates, correlations, ...
= add your ideas here! <

* Nuclear dynamics: isospin and the nuclear EoS

* Radiation line: te$ting microchip$
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What else would we want?

* A source of a clean, low-energy, low-emittance
RIBs! Why lose 10>-10°in re-accelerating ...?

— Correlation studies

- Separate daughters in B-delayed proton decays
(T=2 proton-rich nuclei, e.g. **Ar
= large bore, strong solenoid)
* Atom trap? RFQ cooler buncher? Penning
trap? Collinear beamline?
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Where would it fit in the upgrade?

90° bend up through shielding
blocks to a low-energy
general purpose station
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Polarized correlation studies at ISAC
TRIUMF's Neutral Atom Trap
(TRINAT) collaboration:

. i‘ X S. Behling Graduate student
AlIM S ( Research assoc:ate)
#)) TRIUMF  J.A. Behr M.R. Pearson M. Dombsky C. Hohr
A, ) ISAC A. Gorelov K.P. Jackson P. Bricault J. Holt
: R. Pitcairn
LAY % iy D. Roberge
LIV D. Ashery |. Cohen '
T. Kong
o o Manitons  G. Gwinner Undergrads:
B. Lee, A. Gaudin, B. Dej, T. Wiebe,
A. Young A. Chatwin-Davies, A. Berman
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Polarized correlation studies
_ with trapped atoms

Fe T el o e

A= G_,qﬂ-fgjﬂ/@pﬂ-fp

ft 28
Angular distribution of the decay:
i DT A ! D. D, DP.XD,
Sl keat f[@ﬂ E, aaj

S e e e b ) SRR
| 3EE, E.E, 12l —1)

The correlation parameters are sensitive to the
form of the weak interaction
u — 1 axial vector
B vty Astiilof =

- + 1 tensor Cyclotron T
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Beta decay observables

1.2533(10)s a2

a7 :

e o Q(*’K) = 5.1265(15) MeV
19

3.6020(7) e oo 4.96

2.7061(3) __ 52 207(11)% 3.79

B.R. =0.9789(11)

and t,,> =1.2533(10) s

L B 3."2*_- 97.89(11)% 3.66 = j:t/ ft = 0-5555(9)
BTﬂI'
18

& |GaMgr /Gy M| = 0.5754(16)

W v
- e Q Aﬁ % DP;j p
e ! Eﬁ Eu EgLb,
Ft/ft + SM cold neutrons
S { A,B S —0*57"02(6) =) = 104
B, = _O*TGQZUE’) Soldner et al.,

PhyslLett B581 % ek
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E.g. The beta asymmetry parameter

—0.570 o
nog corrections
_ﬂh5?1 =} } ,l = ._r-'__r_'_.—r_'- —

f asymmetry parameter, Aﬁ

Kinetic energy of &' [MeV]

e recoil order corrections under control
—2\ (\e’ 3/5 i A/5) e measure V7 (*' K = “heavy neutron”)
1+ A2 e sensitive to RHCs and SCCs
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TRINAT at ISAC/TRIUMF

E.L. Raab ef al.,

'||;|iluﬁ":'i 5“]“&: o
o™ PRL 59 (1987) 2631

prote”

*’K yield with 40 pAon TiIC #1: 6 x 107/s

Dan Melconian Institute
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Double-MOT system

lon - beam - 15 cm —
A L D MEF R
S Nl | IS | | 2~ Electrostatic
ArPush™ g " | Ly —F . - WL hoops
hedI'ﬂ o , Y i =ty | & ; j
1 i —_=.DSSSD.
‘Q{‘ N-E:ulrﬂllzf:l £ pm
ﬁdeleum //
Cnlller;linn chamber Detection chﬂmher
® |somerically selective e ~ 10 K cloud temperature
< 1 mm® cloud size e recoils escape unperturbed

decay from rest, observe p; and p,_ ..

—> infer p,, event-by-event!
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Polarizing the laser-cooled atoms

z = MCP—3-telescope axis

& = phoswich detector axis
= polarization axis

1 ([
ol -5 -

o .J_,.z"
- e -
= "-\.__"\-\..-"f A
Fa s
. LS F“
P e = /f
& ;
£ HECS 4
1 2 o

o (e
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atomic fluorescence =
via photoions
y 355 nm
_|r '}I y ] II:! “ J ' l.;lllll,' J,"f
! TR
l.' II.' I‘IE /
F n I + J I_."IIII : l;__.' lIII."l ,.";r
=3 /[ /
_; =3 l "lr.l .l'.'ll "5 -'Illl Jllll @
4% s £ T ~i¥
:r'?' |_.-'3 I:."l Ill.-" G- .
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ME —1 (] i .
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Optical pumping = high polarization!

=X i 44 !f I:\‘E f‘r}
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f 5 ."' g oF L] & ' e
/ fevast excited state populations:
"
! ‘ oo =
/! } @
: ! 4 -!—“,Eﬁ- : polarization
519 r p N e RN ; : : :
-1 \ £ alignment
S
Vo w0
Ty A =i H 2 \ // u
| g
L r—t
|/ =
)\I g
] u
A i 1 il ]
30 I 124422 pW/cm?® 15; ‘ l '
B, = 2103: 405 mG | | E’
i . =]
25 A 450 MHz ; :: -
n b = D.0B5 counta/Mus | HKM_- fluorescence
g 20 : J‘ o
'E J‘_?I_«'-I?ﬂ -I',EE:} | e e B B e s B L e e R e e e S B Lo
L oL 0.4% ‘ 0.0 0.2 0.4 0.6 0.8 1.0 12
g 1 . (P 97 040 9% | oplical pumping time [ms=]
= ,
0 1

(=

Dan Melconian

At Al L A0 s = P =96.74+ 0*531—3:%3
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1°! attempt at the B asymmetry
N(et) — N(o™)

o e S e
~ P4 )

‘ (0.28+0.49)%
e
(—0.87+0.61)%

Asymmetry per 40 ps [%]
&

20 4 ; &

Phos A s T et
—40 -
—60 TR [Ty | T

0 i 2 & 4
cycle time [ms]
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Phoswich detectors are okay

1000

SyNNnetry  — —= -
N(ot) + N(o™)
. Pe
~ PAs( £
=
Eu »on oo 0 os v B 358 o 0y g 3 ;
Ty e
— 40 T Phos B |
V4] 1 |
31 :
o . ﬁ
L s g [
o (., (0.28+0.49)% i :
A gP ~(-0.87+0.61)% ' ;
B 0 W0 200 300 400 500
-';] Frar, [ehan]
B
E, atoms can get sprayed onto the thin
L: mirrors and walls . . .

eycle time [ms]
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| recoil coincidences cleaner! l
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Shake-off electron detection

Dan Melconian

high-statistics!

know decay occured from trap!
S1188 approved with high priority
goal is 0.1% in Ag
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New chamber design (in progress)

Cyclotron W
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Measuring the neutrlno asymmetry

. Jj}{pu
dW ~ PB,p,-1 + PD-
By
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Measuring the neutrlno asymmetry

. d}{pu
dW ~ PB,p, 1 + PD-
Lig

pﬁ 2 = P, ~ —PAr

X asymmetry ~ PB,, |
1y asymmetry ~ P

. Cyclotron T
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Measuring the neutrino asymmetry
E (p.,‘jxﬁy)
Eps

P ==z e Py =~ Par

T asymmetry ~ PEB,

E-field

1) asymmetry ~ P D

— negligible backgrounds — MCP position (in)efficiency
— detectors well characterized — dependence on cloud position,
— asym meas = reduced sysis  velocity (size, temperature)
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’ A_r_1 =

100

0 e R e

300 400 500 800 7O BOD 500 1000
time-of -flight [ns]

f-telescope — MCP coincidence

s bS] (2 s [

3 (stat) (syst)
B°M = _0.7692 £ 0.0015

agrees to statistics-limited 3%
DM et al., PLB 649, 370 (2007)
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1* Result measuring B
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“Conclusions”

* Exciting upgrade at Cyclotron Institute
- RIB beams without a PAC!

— Opportunity for new directions/collaborations

* Cool physics with atom traps

— Rich program with polarized correlations

— Happy to expand collaboration list
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Systematics

(AB,)/Bp™ %]

Source
Phys Lett B future
Asymmetry fit ey +0.3
Polarization (stat) +0.8 +0.1
ISR e
Polarization (syst) +0.4 S s ir?
cloud position/velocity e < 0.4
cloud size/temperature +0.3 <2 0.0
binning x5t A N
MCP calibration e 14l) =i
efficiency +0.5 =
Tnicp —OP align +0.3 +0.1

Sl — < 0.5
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