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REU group experiment — plan for the week

1 June 22-29, 2009

= Monday: general presentations, exp setup (day 1)

m Tuesday: presentations and setup cont’d (day 2)
m Finish exp setup. Close target detector chamber
m Calibr of gamma-ray det: energy and efficiency

m Wed-Thu-Fri: experiments

m separation of 2°Na from 2°Ne primary beam on H, gas target at
3 energies (3 shifts separately)

m stop °Na and study its beta-delayed alpha and gamma decay

m Sat-Sunday: look for new reaction to produce °Mg
from same beam on 3He target (for experts and fans!)



Summary

Introduction, general presentation — LT

MARS — Momentum Achromat Recoil Spectrometer - use for RNB prod
u Part 1 — dr. Brian Roeder
H Part 2 — Alexandra Spiridon

3. Experiment outline, exp setup for 2°Na and its decay: Matthew McCleskey
4, Radiation detection: general and specific — Ellen Simmons

57 Gamma-ray det use and calibration — prof. Abeer Alharbi

6. Prod and sep of 2°Mg — Gopal Subedi (our group’s REU student)
Monday:

. set 3 shifts of 4 students each to work separately

. Visit MARS cave, present setup, start setting

Tuesday:

. Presentations (cont’d)

. Close target chamber, set gamma-ray (HPGe) det

o Calibrate HPGe detector
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Nuclear Physics for Astrophysics

| Introduction
= Questions on nucleosynthesis
= Problems in Nuclear Physics for Astrophysics
= Dictionary of terms
® Indirect methods in NPA with RNB (w. examples
from TAMU)
= A. Coulomb dissociation
m B. Transfer reactions (ANC method)
m C. Breakup of loosely bound nuclei
m D. Variae — 3-decay, resonant elastic scattering, etc




Introduction

supernova 1987 A

origin of chemical elements?! nova Cygni 1992

nucleosynthesis: BBN, in stars

m H-burning, He-burning
m CNO cycle, HCNO ...
m  S-process
m I-process *r_
= IP-Process £
- P E
# Q: is nucleosynthesis finished or 3
On-going? E neutron stars
A: yes and yes! % -
#  Q: Elemental/isotopic =

abundances?!

#  A: Elemental/isotopic abundances neutton number . -
are indelible, unique fingerprints of
COSMIC processes

# Quantitative evaluation of models -
need good NUCLEAR PHYSICS
data — in laboratory for stars

# A: Fine, but is not trivial!



Dictionary of terms

X(p,y), (n, v), (o, v) — radiative proton (n, o) capture
- reaction

Cross section o — related to probab to have a reaction
Reaction rate R=N ,<cV> - integrates over Maxwell distr
T,=T/10°K; T4,=T/10°K (temp in million (billion K)
Gamow peak — region of contrib to R

Astrophysical S-factor: in charged particle reactions, takes
out the Coulomb barrier penetrability factor:

o(E)=1/E*exp(-21tn)*S(E)
Cross section varies exponentially with energy
S-factor varies slowly: S(E)=S(0)+S’(0)*E+ ...

B O B N N




Radiative capture reactions

* Radiative capture reactions A(p,y)B, A(a.y), A(n,y)
* Non-resonant or resonant reactions.

* At low energy; the probability that the incoming
charged particle penetrates the Coulomb barrier:
ZV7e,
hv
* The cross section — astrophysical S-factor:

o(E) = %exp(—zfzmS(E)

P =exp(-2zn),where n(E) =

* Reaction rate per particle pair (integrate over E
distr):

g \'* Exi b
(ov) = W] Ta ! S(E)exp(—ﬁ—ﬁjdE

. Reactions (that matter) take place in the Gamow
energy window.

. Direct, or non-resonant part
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ENERGY
ns in the Cosmos”.
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Presentation Notes
Nuclear capture reactions play a major rule in defining our universe.

In direct reactions, the nucleon transferred quickly and proceed directly from the initial state to the final state without forming an intermediate compound nucleus or state.

These reaction are called also Peripheral, the primary goal is to determine these rates.   

It is nonresonant since it occurs at all projectile energies with a cross section varying smoothly with energy.

The probability that the incoming particle penetrates the coulomb Barrier is given by this formula, where η is the Sommerfeld parameter.

The cross section for a charged particle is a function of this penetrating probability and the square of the De Broglie wavelength which reflects the aspect of the quantum mechanics this introduces 1/E factor. 

S(E) is the constant of the relation, and named as Astrophysical factor (S-factor).

The reaction rate for the nonresonant case is given by:

The convolution between the MB distribution function and the tunneling function through Coulomb barrier leads to the Gamow peak near the effective energy burning Eo that allow several nuclear reactions to occur. 


Resonant Reaction Rate

* Resonant reactions are two-step processes. i |
2 2 . R
o, « (E(H,[E ) |(E.JH |A+ p) o200 OV 86
r’mnﬁm'ﬁ 2
* The cross section (Breit-Wigner): 0-VALLE Y
ﬂ, 2\] + 1 F F 53
O-(E) ~ LR 2 .E.? |
47 (23, +1)23, +1) Aer i
(E=E.) +|—
2 Eg
COMPOUND
* The contribution to the reaction rate: NJCLEUS
o 3/2 E * C. Rolfs and W. Rodney, “Cauldrons in the Cosmos”.
(U= (—j W oy exp(— ] j "
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The resonant reaction through isolated and narrow resonances is a two step process.

The process involves two matrix elements, first is the formation of the compound state Er and the other matrix describes the gamma decay of Er.

The cross section value for the resonant reaction is given by this formula, where (J-part) represents the statistical weight that the spins of the projectile and target will lead to the final angular momentum angular momentum of the excited states. This excited state is characterized by an energy width or the resonant term.

For a narrow resonance, the Maxwell-Boltzmann distribution changes very little over the resonance region, so the reaction rate is approximated to this formula.

Where the width ratio γ is referred to the resonance strength. 
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crogs section of the ™ Be(p, v )% B direct reaction.

Direct vs. indirect measurements

Direct: involve measurements at low energies (very low cross
sections — nb pb fb), typlcally way above the Gamow reaion.
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p-p chain reaction

Example: 'Be(p,y)eB

4
g + ¢ I.i+ * + ®
Branch1 | ** ™ ** .
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5 [ ]
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The figures are adapted from J. N. Bahcall,

Neutrinos from the Sun A% P el b



Solar neutrinos

8B neutrinos
pp Il chain (0.01%)




Another example: “??Na puzzle”

-y rays from the decay of long-lived isotopes 26Al, 0Fe have been detected
- E=1.275 MeV vy ray following the decay of 22Na predicted, but not observed by
space gamma-ray telescopes

2a1 2 A1 NeNa cycle
'Dia 2 1s
“Mg BMg
3.9s 11s (p.7)
2y 2l By (B .v)
23s 2.6y
T T T Q: 2?Na depletion in novae: how does it happen?
e | [ | [ Pne NeNa cycle: Ne(p,y)*'Na(p,y)**Mg(B.v)**Na
11 LAl + direct & res. capture
S Depleted via? "E®Y)
(p.a) “Ma(p,y)*Mg <« resonant capture

- what are the stellar reaction rates for the 22Mg(p,y)2Al and 22Na(p,y)*Mg? AIM



23A1->B+ 23Mg* - 22Na+p inverse of 22Na(p,7)?°Mg

« Study (B-delayed p-decay and y-decay
to find resonances in °Na(p,y)*>Mg

« Need to produce and separate 23Al
« Study decays: By and Bp



Producing 23Al w/ MARS I

Momentum Achromat Recoil Separator
R.E. Tribble et al., NIM A285, 441 (1989)

In-flight RB production
Coftin
L } H( | ==
Tl JiaN . %
S1 3
2 \ . D1+DIT
Slit 2v Slit 2h

0
23Al 40A MeV

Scale (meters)
Purity: 90%
Intensity: ~ 4000 pps

Primary beam Mg @ 48A MeV — K500 Cycl
Primary target LN, cooled H, gas p=1.6 atm
Secondary beam Al @ 40.2A MeV
First time - intense and pure 2*Al
; CYCLOTRON
(p,2n) reaction INSTITUTE
Texas A&M University ﬁ+"




B decay study of pure RB samples

y MARS
beamline
Shoelding
Tape transport HPGe detector “ini”’ values
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23Al B-y coincidence measured spectrum
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This shade of green won’t project well


23Al B-delayed p-decay

TAMU'07 vs. IGISOL'97
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114

Proton number, Z —>

2 8 — Neutron number, N =



()
CNO, HCNO

Ne-Na cycle

etc.

1 = studied at TAMU

= planned

21Mg

19Na

®Ne 17Ne !
= t B -

1

12Q

1N

sg 10
9£

8Be

also 38Ca, 48V, 57Cu, 62Ga, ...

SAr 32Ar 33Ar - - 36Ar
2 Ll LE

27S 288 29S - 328 33S 34S
25P 26 P 28P 29P 3 31P
28] fSi ISi #Si #Si S
21A1 2 - Al AL A

°F

used at TAMU

- (p,2n) possible

March 2009
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Prospects with MARS


' Remember

Nuclear physics for astrophysics
# Use indirect methods (only)

= \We use RNB:
= Have to produce them
= MARS used for RNB prod and separation

= \We use various exp methods — good to know
and understand them!



Part 2




Indirect methods for nuclear astrophysics

Comparison with
(reaction)
calculations

e

Measurement at
lab energies

Extract (nuclear
structure) Need good
information additional
knowledge

J_L (data)
/

Calculate astrophysical S-factor
or reaction rates

Compare with
direct measurements




p-p chain reaction

Example: 'Be(p,y)eB
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The figures are adapted from J. N. Bahcall,

Neutrinos from the Sun A% P el b



Solar neutrinos

8B neutrinos
pp Il chain (0.01%)




Neutrino fluxes from the Sun (Bahcall-Pinsonneault calc)

Neutrino Flux

NGa(v,,e)1Ge *'Cl(v,e)Ar Se'(v,;z \;,; r.)}e'
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]i.!nl:mlnlll
10% 1%
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108
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100
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Neutrino Energy (MeV)



Solar Model vs. Exp., before June 2001

Total Rates: Standard Model vs. Experiment
Baheall-Finsonneault 2000

_ 2
¥.7013 7 P—.
/1{1*_5;?3 Zz <

Z

LA

-
7574 7477

0.47:0.02
S 2 560,23

Superk llkamicka  SAGE GALLEX + CNO
cl H,0 n
Theory ™ "He m& P~P. PSP Experiments m

8 mm CNO



Solar Neutrinos [ June 18, 2001 |

— Super-Kamiokande SNO
The papers of the latest data First results of CC measurement
and oscillation analyses
MEASUREMENT OF CHARGED CURRENT
appeared on PRL. INTERACTIONS PRODUCED BY B-8 SOLAR
NUETRINOS AT THE SUDBURY NEUTRINO
1) SOLAR B-8 AND HEP NEUTRINO OBSERVATORY.
MEASUREMENTS FROM 1258 DAYS OF . . _
SUPERKAMIOKANDE DATA. Published in Phys.Rev.Lett.87:071301,2001

Published in Phys.Rev.Lett.86:5651-
5655,2001

2) CONSTRAINTS ON NEUTRINO
OSCILLATIONS USING 1258 DAYS OF
SUPERKAMIOKANDE SOLAR NEUTRINO
DATA.

Published in Phys.Rev.Lett.86:5656-
5660,2001

Futher confirmed by the

NC measurement
by SNO, Aprl-2002

solar neutrino oscillation

e m vmm EOLF men ol BRI o ada

(Convincing Evidence for ]
s

New: PRL 89, 011301,-2 (2002)

8B neutrino flux: 5.21+0.27(sta)+0.38(sys) x 106 cm-2st

Comp with SSM: 5.79-(1. + 0.23) (Bahcall, Pinsonneault, 2004)
(using S;,(20)=20.6 eVb; PRL 92, 121301(2004))



A. Coulomb dissociation

p Ay

Radiative capture - direct  E| I
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Momentum Achromat Recoil Separator

RB in-flight production
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>99.5% Shts
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0 5 In inverse kinematics

Scale (meters)




Transfer reactions for ANCs

108(786,88)956 14N(7Be,88)13C

— Total

am spot ~®=4 mm, A6=1.8 deg, AE/E~1-1.5%

Reaction
Telescopes  “dream”?! Better beam!

1.5 mg/cm?
Melamine

e

da/dd fmb/sr)

a
=
I

s
=
I

-
=]
1

ly Detector: 1 mm Si strip detector
| elescopes:

PP PRI PRI IPEPEPI PRI PR B
B 10 15 an Zh X b

b ta
ST T T T T T T

3. ooy 5 um Si strip detector
» 1 mm Si detector _
AIM
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C. Breakup (one-nucleon removal r.)

I = ) - -
B K S ooo | BelBBe) 414 MeV 150 Aut’BBe) 414 MeV
reakup H
=
B
breakup of loosely bound nuclei = 400 100
projectile o Particle det
halo nucleus ./ 200 50
1] Y at S i B 0 r—t- i,
= = 1300 1900 X000 2100 1800 1900 2000 2100
- 0.2
Ll
h = Tapdm 7 2 B 7 -
- 1 LGB Beig.s)) 9364 MeV C("E, Be(1/2)) 9764 MeV
-
3 0.15
o 0.5 i\
nrget
E 0.1
05
< 2 2 0.25 008
&18[ “CCB’Be)38A Mev 18 L “cC’BBe) 76A Mev )
~ r r - l- - w,,
Z16 0 g T 0 et T e el
214 -0 -100 0 10 200 -N0 -0 0 o 20
T2 f k_(MeVie) k_ (MeVie)
1 Proton (p)

2C(®B,’Be) 142A MeV 8L 2C(®°B,”Be) 285A MeV

2nsP(s) (fim)

ross section — ANC (only!!l)
amma rays — config mixing

=
o
o
=
(]
s

&V

p-target core-target
Target (ANA reaction mechanism

Calc: F. Carstoiu; Data: see later e L e



Summary of the ANC extracted from
5B breakup with different interactions

= B
.E [—— | Fa R .;. |
— 7
NS 2 ta from: %
F. Negoita et al, Phys Rev C 54, 1787 (1996) ., 0.0 i
B. Blank et al, Nucl Phys A624, 242 (1997) - #
D. Cortina-Gil e a, EuroPhys J. 10A, 49 (2001). 0.5 [ e =T=71.T=T=T=T=T=i'“ﬂ+1"7'7175
R. E. Warner et al. - BAPS 47,59 (2002). @ |[=|=====% =l ===~ == - - :I = t
J. Enders e.a., Phys Rev C 67, 064302 (2003) 0.4 il EE g F,
Summary of results: 0.3
The calculations with 3 different
effective nucleon-nucleon interactions 0.3
are kept and shown: -
JLM (blue squares), 0.1
“standard” u=1.5 fm (black points) and
Ray (red triangles). 0 |
o 2 4 6 8 10 12 14 16
experiment
0 2 4 [ g 10 12 14 I.IIE- I
cxperiment



S, astrophysical factor (ours)

New: S;-(0) = 18.0 + 1.9 eVeb
(G Tabacaru ea, PRC 73, 2006)

8B breakup

S17 (O) = 38? }/ ° (Cim T Clz)l/z

JLM S, A417.4£2.1
weights

B “standard’ Sl7=19.6:I:1.2 eVb
® Ray .=20.0+1.6 eVb

)

eVb

no

Average all:
C? . =0.483 + 0.050 fm™!
S,~18.7+1.9 e¢Vb

(all points, no weights)

For comparison:
('Be,2B) proton thgsfer at 12 MeV/u
A. Azhari e.a. — two targews
1B S,,(0) =18.4 £2.5eVDb ( ’99)
1N S,,(0) =I5 =4-0eMp-(PRC "99)

Average: Phys Rev C 63, 055803 (2001)

| 1.0

gt AAS)
at 9 MeV/u

17\~

13C(7Li,8Li)12

Published: LT et al.- PRC 69, 2004

New average: S;;(0) = 18.2 £ 1.8 eVeb




Neutrinos from Standard Solar Model

- r r week ending
VOLUME 92, NUMBER 12 PHYSICAL REVIEW LETTERS 26 MARCH 2004

What Do We {Not) Know Theoretically about Solar Neutrine Fluxes?

Tohn M. Bahcall*
School of Natural Sciences, Instirure for Advanced Study, Princeton, New Jersey 08540 [VSA

M. H. Pinsonneault

Depariment of Asvoromy, The Ohio Stare University, Columbuz, Ohie 43210, USA
(Beceived 16 December 2003; published 25 March 2004

conservation). Comparing the measured values with the used improved values for direct measurements of the

theoretical predictions, we find for BPO4: "Beip, yI'B cross section, i wv( Be + p) = 206 =
. ) _ 8 eVb [5]. and the calculated p-p, S,ipp) =
PP P esmed = (102 Z 002 Z001 0 (prle . (1) 39401 = 0.004) % 107F MeV b, and hep, Splhep) =
(8.6 = 1.3) % 107 keV b, cross sections [©]. The re-

] — -+ - & tions that produce the *B and hep nentrinos are rare:

(*B ) = ((LBE = 04 =023 0 ("B bppopy. (2 ac P 4 :

@ B Jmeaared ) @l Ilthm'!' ) changes in their production cross sections affect, respec-

T — FiOM - b (TR tiviely, only the *B and fiepr flunes, The 15% increase in the

Pl Be fnegme = (091 -a: — 0.11 )¢ Be-"*ﬂﬂ'.'-" (3) calculated *B neutrino flux. which is primarily duve to a

_ o more accurate cross section for "Be(p, ¥*B, is the only
In Ega (li—={3). the lor experimental uncertainties are cignifirant chonms in the hact sctimats finyes,

Using our value(s): S;;(0)= 18.7 £ 1.9 eVb => §,,(20)=18.0 future work,

ino fluxes on

@, ,(*B)=[1.03 £0.08 £0.23] ®,,(*B) Cross sction
SUTCTITOTIT T TUT U IS 1D TICULTTIILY TIUE IS STIELTTRT TOLEDTT LOTL N i ) ruelﬂslurEd tl:l
uncertainty in the theoretical calculation, but the opposite better than 3% (1a) (2 factor of 2 Improvement) tn

: 7 . order that the uncertainty in this reaction not limit the
is true for the p-p and "Be neutrino fluxes. interpretation of future "Be solar neutrino experiments.




Conclusions — “other methods”

# Useful to have various methods/tools at hand

# Medium size facilities useful:
= may get things done sooner and cheaper!
m Valuable for (hands-on) education of students and postdocs!
= Competition Is healthy and necessary!




Nuclear physics for astrophysics. Summary

'ji':fdirect methods

# transfer reactions (proton or neutron)

LA

m E ~ 10 MeV/nucleon

m Better beams (energy resol, emittance)

m Magnetic spectrometers at 0° — resolution, large acceptance, raytrace reconstr.
® breakup

m ~ 30-100 MeV/nucleon

m Can neutron breakup be used for (n,y)?! (yes, but need n-nucleus potentials)
® Spectroscopic info

m J°, E. I, (masses, etc...) — a variety of tools at hand

= Resonant elastic scattering: E<10 MeV/nucleon. H, and He targets.

m Better models: structure and reaction theories
# Need more checks between indirect methods and direct measurements!
# Better models/data to predict OMP, make Glauber calc, spectroscopy...

Direct methods: inverse kinematics measurements on windowless gas targets with
direct detection of product (magnetic separation). E=0-5 MeV/nucleon. All
nucleonic species.
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