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Overview

The HELIOS spectrometer as a tool for nuclear astrophysics
 Nucleosynthesis => Direct reactions with Rl beams
e Why the solenoidal spectrometer solution?

o HELIOS at ATLAS, so far

 Challenges and opportunities

www.anl.gov/phy/helical-orbit-spectrometer
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https://www.anl.gov/phy/helical-orbit-spectrometer
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= radioactive ion beams
= reaction studies

Nuclei involved in the rp-, p-, and s-process M. S. Smith and K. E. Rehm, Annu. Rev. Nucl. Part. Sci. 51, 91 (2001) Argonne é
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Reaction studies

~10 MeV/u (3-20 MeV/u), >104 pps (stable and radioactive)

Pairing Occupancies Collectivity = Vacancies Pairing
1 1 Removing a Removing / Rotations & Adding / Adding a
ReaCtlonS used as a tOOI n correlated pair occupancy vibrations vacancy correlated pair

nuclear astrophysics: O

PR " N,

* Populate states / determine ® @
L

%
* Cross sections — rates NS

* Cross section — overlaps A-2
A-1 @ A+1

A

A+2

o Exploit mirror systems

Figure inspired by B. B. Back Argonne S
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Kinematics: normal vs. inverse

In contrast to normal kinematics

020 (deg.)

e Particle identification, AE-E
techniques at low energies

e Energy dependence with respect
to laboratory angle

e Kinematic compression at
forward c.m. angles

e Typically leading to poor resolution
(100s of keV)

e ... and beams a few to 10¢ orders of
magnitude weaker
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e.g. A. M. Laird et al., Phys. Rev. Lett. 110, 032502 (201 3)

e.g. R. Talwar et al., Phys. Rev. C 93, 055803 (2016)

e.g. S. J. Freeman et al., Phys. Rev. C 96, 054325 (2017)

Kinematics: normal vs. inverse (resolution)
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Kinematics: normal vs. inverse @
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Eecm = 1.66 - 1.79 MeV
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— Simulation
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Necessities: complex Si arrays, high intrinsic resolution, high angular granularity, low
thresholds, large acceptance, often coincident gamma-ray detection, e.qg., MUST-2 (GANIL), T-REX

(ISOLDE), SHARC (TRIUMF), ORRUBA (ORNL), TIARA (GANIL), TUDA (TRIUMF), etc.

R. L. Kozub et al., PRL 109, 172501 (2012), H. Y. Lee et al., PRC 81, 015802 (2010), J. R. Tomlinson[Kay] et al., PRL 115, 052702 (2015)
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MINIBALL
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If conditions are favorable ...
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e.g. Protons
from (d,p) e.g. Recoil
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Transport through a solenoid

Example: d(28Si,p) at 6 MeV/u with a 2-T field

e A simple linear relationship

12—
. —gs. | | between energy and z, where
1oy Jers ey : the energy separation is (nearly)
gl — 2426 MeV _ identical to the excitation energy
3.067 MeV

in the residual nucleus.

ol g

* Removes kinematic compression.

e Factor of ~2-3 improvement in
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New array and digital data acquisition

-

-

&

3

-

Daniel McNeel, Calem Hoffman, Ryan Tang, et al.
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*New DAQ implemented in FY17, used at
CERN in FY18, running now [current run
29Al(d,p)]

*New sort routines for 'quasi’ live feedback
(appreciated by users)

*New "complete system awareness"
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18F, ijsomers, rotation, "high" spin
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Making an isomeric beam of 18F
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Single-particle picture of 19F
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Related equipment
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ATLAS

e Stable beams at high intensity and energies up to 18 MeV/u GS/GT
e In-flight beams approx. 10 < A < 50 at energies up to 15 MeV/u FMA
 Reaccelerated CARIBU beams at energies up to ~15 MeV/u ‘O
° _ \ GS/GT
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https://www.anl.gov/atlas Argonne &
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The landscape
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CARIBU, Cf-252
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In the context of s- and r-processes
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nuCARIBU, Am-241 HH o
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nuCARIBU, Am-242 HH o
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nuCARIBU, Pu-239
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In the context of s- and r-processes
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nuCARIBU, U-235 HH o
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RAISOR-2019
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In the context of ap-, rp-, p,

s-processes
HELIOS + RAISOR is an

SPS2, MUSIC

excellent astrophysics
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synergy

rp-process

B p-process
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B RAISOR 2019, >104

Nuclei involved in the rp-, p-, and s-process M. S. Smith and K. E. Rehm, Annu. Rev. Nucl. Part. Sci. 51, 91 (2001)
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Isomer beams:

26| 18F ... more to come? ... 34Cl

Recoil detection: heavy

Challenges / opportunities

Reactions: often proton adding, He-induced,
Li-induced reactions ... speaks to gas targets,
low cross sections, etc. A ;;,"(';,;;;;"";',,;““";;;,;;,;; """
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Challenges / opportunities
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Upgrades planned: HELIOS was a first, built on a shoe string budget,
hope to install new more flexible supports system for targets, auxiliary

detectors ... aided by lessons learned/new solenoidal spectrometers e
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Closing comments

e HELIOS is an outstanding instrument for studying direct reactions in
inverse kinematics

e ... has a high degree of flexibility

e ATLAS provides (and will provide ever more) beams that overlap
exquisitely with astrophysical interests

o ATLAS + HELIOS have significant potential to address some key questions

in nuclear astrophysics, both via specific/key measurements and by
systematic studies

e We welcome users, and would prosper significantly from high-level
engagement in HELIOS and a strong astrophysics program

www.anl.gov/phy/helical-orbit-spectrometer
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Heliomatic... beta ... v9

xB heliomatic_beta_v9 — Saved to my Mac

Home Insert Draw Page Layout Formulas Data Review View &> Share [J Comments
V55 = fx v
A B & D E F G H I i K E M N (0] P Q R = 1F U Vv w X G 7 AA

1

2

o

4 E (MeV) versus z (m)

2 REACTION Z MASSDEF __MASS AMU MASS(MeV)  IMASS (kg) 50

6 BEAM (1) 13 -18.205  28.980456650 26995.34 4.81E-26

7 TARGET (2) 1 13.136  2.0141016631 1876.14 3.34E-27 po

8 LIGHT (3) 1 7.289 1.0078249684 938.79 1.67E-27

9 HEAVY (4) 30|Al 13 -15.872  29.982960360 27929.18 4.98E-26 ®©

10 10 QVAL. v(3)

11 eseam[__200 | (MeV) (MeV) [ | (m/s)

12 (MeV) (Mev) [ #vALUE! |(m/s)

13 srewo[ 25 |m (s) MeV) | #vaLUE! |(m/s) -

14 (/s) (MeV) [ #VALUE! |(m/s)

15 EX LEVEL EX (m/s) (MeV) | sttt | (m/s) a5 p

16 ex1 XLV (MeV) (m/s) /

17 EX2 (MeV) (MeV) CONSTANTS 2 - -

18 EX3 _ (MeV) (m/s) c| 3.00e+08 |(m/s) / -~

19 EX4 (MeV) (m/s) ev| 1.60E-19 |('C) - A A

20 EX5 (MeV) Mev| 1.60€-13 |('C) 0.1466 #Hi - -

21 (ns) amu| 1.66€-27 |(kg) st 4 ]

22 |TGT.~ZMIN (m) (ns) PI| 3.141593 -~ ~

23 TGT.~ZMAX (m) A|8.3563€-09|(1/7) / )

24 | | 2 4.55E-08 Rl o042 |m) padil N

25  RADIUS DET.- (m) b 0.15 ! rl !

52 | sl (m) L el 100 075 050 0.2 0.00 0.25 0.50 0.75 100

28

29

30 r (cm) versus z (m)

31 CYC PERIODS (ns)?**

32 c™m El E2 pa 22 LAB1 LAB2 RE1 RE2 RLAB1  RLAB2 450

iz

34 7.564 -0.318 108.390 285.95 1.620 40.0

35 4.832 -0.479 127.261 288.68 1.080

36 35.0

37

38

39

40

41

a2

43

44

45

46 1.922 0.411 147.997 291.59 0.451

47 4.914 -0.244 107.537 288.60 1.305

48

49 = *Ifleft blank (or any non-numerical character is entered) the charge state is assumed to be Q=e*Z_recoil.

50 | **Enter a multiplicatoin factor of the # of cycltron periods you want to see (non-integers accepted too). If greater than 100 ns, 100 ns plotted.

51 Notes

52 | Nowusing AME2012 (v4) -1.00 0.75

53 | Neutron bug fixed (v5)

54 Added ATRIS recoil anale nad (v6). 1an19. 2014

kinematics & calculations & mass_rmd.mas +

Check the feasibility of a given experiment in seconds ... even astrophysics-y ones

Disclosure: Ryan Tang [ttang@anl.gov] has a slightly better version Argon ne &

NATIONAL LABORATORY



mailto:ttang@anl.gov

