Experiments with Photon Beams

at the HIyS Facility

Calvin R. Howell
Duke University and Triangle Universities Nuclear Laboratory (TUNL)

Program Components:

* Nuclear structure and Astrophysics: NRF, (y, particle) and (y, fission)
at E, <20 MeV; and Compton sg?:[tering at E, <60 MeV

 Applications: E, <20 MeV

+ Investigation of the strong nuclear torce in the context of few-
nucleon systems: photodisintegration of 3N systems

* Nucleon structure in terms of low-energy effective degrees of
freedom: Compton scattering at E, > 60 MeV

* Picture from: J. Arrington, arXiv:1208.4047v1[nucle-ex]
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Triangle Universities Nuclear Laboratory (TUNL)

» High Intensity Gamma-ray Source (HIyS) is operated by the Triangle Universities Nuclear Laboratory (TUNL)

* Which is one of four U.S. Department of Energy (DOE) Centers of Excellence in Nuclear Physics

* TUNL consists of 4 universities in the Research Triangle Area in North Carolina: Duke University and NC
Central University in Durham, NC State University in Raleigh, and The Umversﬂy of NC in Chapel Hill

* HIyS is located on the campus of Duke University
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High Intensity Gamma-ray Source (HIyS)

Features that enable basic and applied research
« Wide beam energy range: 1 to 110 MeV

« Selectable beam energy spread (by collimation)

« High beam intensity on target (>107 y/s @ AE/E = 5%)

« >95% beam polarization (linear and circular)
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Loomed Out View of Research at HIyS TUNLv

HIyS operates about 1800 hours/year for nuclear physics research

Degrees of Freedom Energy (MeV)
@.0

SRR Low-Energy QCD:

z 940 +<— Compton Scattering

g . A nucleon electric and magnetic polarizabilities

%) constituent quarks . . e

£ € nucleon spin polarizabilities

‘ 140
o Q 0 e 1 Few-nucleon Systems
e <«— photodisintegration of 2H, *He and *H (cross sections, target-beam helicity

5 0 3 dependent cross sections, polarization transfer)

g d) proton separation

= energy in lead .

3 Many-body Strongly Interacting Systems:

1] protons, neutrons

i3 Nuclear Structure and Nuclear Astrophysics , DAL = nf) =

= ’

B > :{l;}:i?rc\? ?|?1| NRF’ (’Y”Y ) \/\/\/\/_) .Nucleus

(YSH)) ('Y’p), (y’a) and (Y’ ﬁsslon) reactlons dipole and quadrupole excitations
nucleonic densities
. and currents 0043 Applied ResearCh: : = Tx>»T,
o ren * Nuclear Security e sl

«—— * Medical Isotope R&D

collective coordinates

photon scattering
(Nuclear Resonance
Fluorescence)

* Particle Detector R&D
Figure from 2007 USA Nuclear Science LRP

—_N THE UNIVERSITY
Duke i? NCCentral Nc STATE ”Tl of NORTH CAROLINA SPIN2021: October 18 - 22, 2021
N# JUNIVERSITY UNIVERSITY ti’ at CHAPEL HILI

UNIVERSITY



Target Room Layout at HIyS
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HIyS Research: Nuclear Structure, Fission and Astrophysics

A. Nuclear Structure and Many-Body Reactions

A.1.NRF (v,y), (v,n), (v,)
» Collective excitations, e.g., PDR, multiple phonon exchange
 Dipole strength (M1 and E1)

 Structure near the ground state (shapes, coexistence, effective int.)

M1 - Strength

A.2. Compton Scattering (linearly polarized beam) from Nuclei
* IVGQR - Asymmetry term in the nuclear EOS

A.3. Photon-Induced Fission 2-Phonon
« Fission Product Yields (activation) J=1 States
» Cross sections (fission chamber and prompt neutron detection)

5

B. Nuclear Astrophysics
B.1. NRF (y,y)
 Dipole strength function (M1 and E1)
+ l|dentification & properties of states near/at the particle threshold

The mass and size of the final iron core is
critically dependent on the '2C(a,y)'¢O

reaction rate
B.2. (y,n), (y,p) and (y,a) reaction measurements

» Cross sections near reaction threshold
* Resonance studies

a+a+a— '2C+ vy ;production of '2C during
helium burning
2C+0—> 'O +y ;converts '2C to '°O
=>» determines '2C/'¢O
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Nuclear Resonance Florescence (NRF) with linearly polarized photon beam

HlIvS @ TUNL

» EM excitation from ground state like
Coulomb Excitation plus polarization
information.

» Decay of high-lying states like neutron
capture, but variable energy.

"
=T =% 0 5F w ™ 0 -1 -2

» Highly intense (= 108~s~1) .

» Quasi-monochromatic |
(FWHM = 100 — 300 keV) \ / N a

» Polarized (> 99%) \

> BU nChed (5 58 hIHZ) A. Zilges er al., Photonuclear reactions — From basic research to applications,

Prog. Part. Nucl. Phys. in press
C. lliadis and U. Friman-Gayer, Linear polarization-direction correlations in

~-ray scattering experiments, Eur. Phys. J. A 57, 190 (2021)

H. R. Weller er al., Research opportunities at the upgraded Hi~S facility,
Prog. Part. Nucl. Phys. 62, 257 (2009)
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Nuclear Structure and Astrophysics: Clover-share Array

y-ray beam

Provided by the
Clover Share
Consortium, the
US Naval
Academy, the US
Army Research
Lab, and TUNL

« 8 HPGe clover detectors
« Up to 12 CeBr scintillator detectors

Clover-Share Collaboration
18 institutions + TUNL

« 7 countries
Argonne National Lab (USA) Technische Universitdt Darmstadt (Germany)
Diakonie-Klinikum Schwabisch Hall (Germany) U.S. Naval Academy (USA)
GSI Helmbholtz Centre (Germany) Univ. of Kentucky (USA)
Helmholtz-Zentrum Dresden-Rossendorf (Germany) Univ. of Kéln (Germany)
Inst. for Nuclear Research (Hungary) Univ. Libre de Bruxelles (Belgium)
James Madison Univ. (USA) Univ. of Oslo (Norway)
Lawrence Livermore National Lab (USA) Univ. of the West Scotland (Scotland)
Mississippi State Univ. (USA) Univ. of Witwatersrand (South Africa)
NSCL/Michigan State Univ. (USA) Univ. of Zululand (South Africa)
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Shape Coexistence in Nickel Isotopes

i » Theoretical description of exotic nickel
prolate ;
Isotopes
4 — —_—
= - @ » Large model space
=1 ohlats il » Monopole tensor interaction
il D - Xl » Predictions for stable ®4Ni
w@ D Qo (fm? ) Qo (fm® ) 9
1- spherical 1500 100 200 0 100 200 300 8
O O O ‘ (E;) original ' (b) r‘nonopole 7
0 frozen| _ 6
AN Nj BN 70N —100} .. 1%
NE "-._; E 5
& 4 \ & | 44
» . Q‘ i | & ||
» Triple shape coexistence 20 _ \ e E
s & t"'~.__ \ 3
» Signatures o i @ \ | |
, . 0.0 01 02 03 04 05 00 01 02 0.3 0.4 05 1
» Spin sequences (07 states) 5, B, 0

» Transitions strengths (EO, E2)
» Multipole mixing ratios

K. Heyde and J. L. Wood, Shape coexistence in atomic nuclei,
Rev. Mod. Phys. 83 1467 (2011)

N. Marginean et al., Shape Coexistence at Zero Spin in 54 Ni Driven by the
Monopole Tensor Interaction, Phys. Rev. Lett. 125, 102502 (2020)

T. Otsuka er al., Underlying Structure of Collective Bands and
Self-Organization in Quantum Systems, Phys. Rev. Lett. 123, 222502 (2019)
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Shape Coexistence in %*Ni TUNLv

» 2n Transfer @ |IFIN-HH

1% » Decay of up to spin-7 states up to 4.6 MeV
» Lifetimes

» Multi-step Coulomb Excitation @ ANL

» Excitation from ground state, purely
. electromagnetic (EM)
1 » Transition matrix elements

Y O: » Neutron Capture @ [LL

» Decay of 0, 1~ capture states at 9657 keV
» Branching ratios, multipole mixing ratios

» Nuclear Resonance Fluorescence @ TUNL

Ot » Decay of dipole-excited states at various
energies, purely EM, polarized beam

€« <

<
Sl
e

+
2 » Branching ratios, mixing ratios, lifetimes,
matrix elements
YY o+
64Ni N. Marginean et al., Shape Coexistence at Zero Spin in 4 Ni Driven by the

Monopole Tensor Interaction, Phys. Rev. Lett. 125, 102502 (2020)
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HPGe Sum Spectrum TUNLv
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Nuclear Astrophysics: 10 + y 2> a + 12C

—L

COMMUNICATIONS

ARTICLE

https://doi.org/10.1038/541467-021-26179-x OPEN

Precision measurements on oxygen formation in
stellar helium burning with gamma-ray beams
and a Time Projection Chamber

R. Smith® 2™ M. Gai® 2, S. R. Stern® 2, D. K. Schweitzer® 2 & M. W. Ahmed34

The carbon/oxygen (C/O) ratio at the end of stellar helium burning is the single most
important nuclear input to stellar evolution theory. However, it is not known with sufficient
accuracy, due to large uncertainties in the cross-section for the fusion of helium with 12C to
form 160, denoted as 12C(a, 7)180. Here we present results based on a method that is
significantly different from the experimental efforts of the past four decades. With data
measured inside one detector and with vanishingly small background, angular distributions of
the 12C(a, y)160 reaction were obtained by measuring the inverse 160(y, )'2C reaction with
gamma-beams and a Time Projection Chamber (TPC) detector. We agree with current world
data for the total reaction cross-section and further evidence the strength of our method with
accurate angular distributions measured over the 1~ resonance at E.,~2.4 MeV. Our
technique promises to yield results that will surpass the quality of the currently available data.
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Optical Time Projection Chamber (O-TPC)

inst 2. The O-TPC Detector System
Ins PUBLISHED BY IOP PUBLISHING FOR SISSA 2.1 The TPC
RECEIVED: October 11, 2010 Opto-Electronic Chain
ACCEPTED: November 22, 2010 cCp

Lens (. =338 nm) ELECTROSTATIC Cioiis

)
Ias itV Ve

PUBLISHED: December 15, 2010

An optical readout TPC (O-TPC) for studies in
nuclear astrophysics with gamma-ray beams at HIyS'
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Nuclear AstrophysiCs: NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-021-26179-x
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Nuclear Structure and Astrophysics: Other Technologies

Detector Array

Silicon Strip

Photon-induced Nuclear Reactions with Emission of Charged Particles

AN

Examples:
« 1%0(y, o), "2C(y, 3o) Users
- “Be(y, aa)n « 20 institutions + TUNL
2 .
* A p) + 10 countries
» “Li(y, 1)
ANL (USA) Sheffield Hallam Univ. (UK)
C.S.N.S.M, Orsay (France) Sungkyunkwan (S. Korea)
Time Projection Chamber (TPC) ELI-NP and IFNN-HH (Romania) Texas A&M Univ. (USA)
INFN, Catania (Italy) TU Darmstadt (Germany)
R Joint Res. Center, EC (Belgium) Univ. Birmingham (UK)
Z e . \ | LBNL (USA) Univ. Connecticut (USA)
Multi-Wire Proportional Chamber (MWPC) e s | MTA Atomki (Hungary) Univ. of Kentucky (USA)
Preseus Tomchacer it caee NSCL/Michigan State Univ. (USA) | Univ. of Mainz (Germany)
ORNL (USA) Univ. of Warsaw (Poland)
LEMO power connector Vacuum chamber
Amplifiers / Ohio Univ. (USA) Univ. of York (UK)
15}"\“13 « H>  LEMO signal connector Gas
e, [E— 25 Electron
Window L )rr—-—— 2 > Window & &/ Multiplier
= I’.U /Be:un : (GEM) foils
. 4‘ : _"D Readout
4N [—T\ :D electrodes (strips)
‘\gns at low
valve |;' valve
gas filling —am- gas extraction
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Low-Energy QCD T

C. Low-Energy QCD
C.1. Compton Scattering from Unpolarized Nuclei:

Proton and Light Nuclei (A < 5) S - \_.:E':

do(0)/dQ, Tpeam, 23 = [EFT analysis] = aP, P, yP, oN, BN o, B"
C.2. Polarization transfer in photodisintegration of 2H

C.3. Photodisintegration of Few-Nucleon Systems, e.g., 3He, SH

* Picture from: J. Arrington, arXiv:1208.4047v1[nucle-ex]
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Investigation of the SHe GDH Sum Rule TUNLv

S.B.Gerasimov in Sov. J. Nucl. Phys.; S.D. Drell et al., in Phys. Rev. Lett. (1966)

© 2 « HIyS provides unique conftribution
JePH — ﬂ P — o1 — 472'—05 27 below the pion production threshold
O\ \V O \V > K 5 .
M - Connects fo higher energy JLab
Vinr N program from inclusive e scattering

« Provides stringent tests of few-body
calculations

« Tests pol. 3He as effective pol.
neutron target

P A , . .
O 5 O, spin dependent fotal photon-absorption cross section
K ., anomalous magnetic moment

Vinr PioN production/photodisintegration threshold

Based on general principles of physics: Lorentz and gauge invariance, crossing symmetry, causality and unitarity

180
. 1608 2 _—mmm———m———————
SHe below pion threshold based on TSI SRR

D ;
—_— state-of-the-art calculations is ~140ub. ;28
- @ Total [6P#3He=496 b ol

| |
~90% ~1.5% ~8%

Plateau value of the GDH integral of

y+°He— p+p+n / o s o0 o
y+°He— p+d
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HIyS results on 3He GDH integrand from three-body breakup with double polarizations

Deltuva et a/.
— — Skibinski et al.

) 15 20 25 30 35 40
v (MeV)

G. Laskaris et al., Phys. Rev. Lett. 110, 202501 (2013)
G. Laskaris et al., Phys. Rev. C 89, 024002 (2014)

G. Laskaris ef al., Phys. Lett. B 750, 547 (2015)

N
J

Target setup for two-body photodisintegration
measurement by detection of protons
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GDH Sum Rule: 2-body photodisintegration

First measurement of the asymmetry and the Gerasimov-Drell-Hearn integrand from the
YHe(¥, p) *H reaction at an incident photon energy of 29 MeV

G. Laskaris®,2" W. Ji® ? X. Yan, 2 J. Zhou®,2 W. R. Zimmerman ®,2 M. W. Ahmed ®,"* T. Averett®,> A. Deltuva®.°
A. C. Fonseca®,® H. Gao®,"%" J. Golak,” A. Kafkarkou,2# H. J. Karwowski®,"8 B. Lalremruata®,’ J. Manfredi ®,'°
J. M. Mueller,"? P. U. Sauer,'' R. Skibifiski®,” A. P. Smith,""> M. B. Tsang,' H. R. Weller,"> H. Witata®,” Y. K. Wu,"-?

and Z. W. Zhao'-?

YTriangle Universities Nuclear Laboratory, Durham, North Carolina 27708, USA

2Department of Physics, Duke University, Durham, North Carolina 27708, USA
3Tsinghua University, Beijing 100084, China

4Department of Mathematics and Physics, North Carolina Central University, Durham, North Carolina 27707, USA
3College of William and Mary, Williamsburg, Virginia 23187, USA
®Centro de Fisica Nuclear da Universidade de Lisboa, P-1649-003 Lisboa, Portugal
"M. Smoluchowski Institute of Physics, Jagiellonian University, PL-30059 Krakéw, Poland
8 Department of Physics and Astronomy, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina 27599, USA
'Mizoram University, Aizawl 796004, India
ONSCL, Michigan State University, East Lansing, Michigan 48824, USA
U mstitut fiir Theoretische Physik, Leibniz Universitidt Hannover, D-30167 Hannover, Germany
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Nucleon Structure: collective degrees of freedom

\ / :: :f_" R Nucleon Dipole Polarizabilities
— Stiff core + pliable pion cloud

AW & e

i— z = cos(0)
pr=¢"-€  pp=3"-5, Scalar polarizabilities:
ps =10 - (€™ x €) ps =16 - (5" x 3), i’
. - o v “t,,;*
i ((o-8) 60— (5-8) @-2). A 2
pe =i ((a-l?') (57 .9) - 5[) G -5‘)) am(W) [2f r(w) + fEE(uJ)] Jw?,

. . B (w) = [iji}i-M(w)‘i‘fMM(w)] /w

with § = k x & §' = k' x € and & the vector of the

Pauli spin matrices. Furthermore, k = k/w (F = F' jw) is Spin-dependent polarizabilities:

the unit vector in the direction of the momentum of the _ rel+ - 3 .

incoming (outgoing) photon with polarization € (€"*). 1e1E1 (@) = [fpp (@) f’ff (w)] e " (Bl 1),
i (W) = [fify @) — farn ()] /w® (M1-M1),

")’EIMQ(UJ) = 6 EA/I(w)/w (El —>M2) )

Ri(w,2) = RP**(w,2) + Ri(w, 2)
Ymie2(w) = 6fME(w)/w (M1— E2).

1 L= = L= =
Hi?’)c SPin —547{751{510 "ExE+ypmmo-BxB- ZYMIEZE oF HJ + ZYEIMZHJG )

R. P. Hildebrandt, H.W. Griesshammer, T.R. Hemmert and B. Pasquini, Eur. Phys. ]. A 20, 293 (2004).
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Energy Dependence of Nucleon Scalar Polarizabilities

R. P. Hildebrandt, H.W. Griesshammer, T.R. Hemmert and B. Pasquini,
Eur. Phys. J. A 20, 293 (2004).
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Goals of Compton-scattering Program at HIyS:

Provides insights about:

* Freq. response of system

* Binding energy of charged constituents

+ Confinement volume of charged constituents

* AP, causes a significant uncertainty in calc. m,-mp
* PBp input to Lamb-shift corr. In uH atoms

+ Collective response of internal spin dof to em pulse

-} EFT Extractions — HWG, JAMcG, DRP, GF
- HWG., JAM, DRP, GF, PPNP, 67 (2012) 841-897
- PDG-2013  jaMm, DRP, HWG, EJP, A 49 (2013) 12

exp(stat+sys)+theory/model lo-—error in quadrature

Plots courtesy of
Harald GrieBhammer
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Compton Scattering with Circular & Polarization

E, =85 MeV
Circular Polarization 1 Linear Polarization
Compton scattering from the proton (circularly polarized) ~ 0_95— ; :gip-lq
22r . 0.8E- + MainZ®
- ® (=270 0.7
20 A $=180° 0.6
- A MacGibbon, 81.8 MeV 0.5
18 O  Olmos de Ledn, 79.2 MeV 0.4E
C HByPT, 85 MeV E
., A 0.3
é 16r 0.2
=14 0.15
0‘114: 0E ...|..|...|...|...|...|.\|...
B - 0 20 40 60 80 100 120 140 160 180
L 12— 0., (deg)
10/ 5 % do (0) do,(0)
8- S (0) = —dQ dQ
6: | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 3( ) dO'J_ (H) + dG” (0)
20 40 60 80 100 120 140 160 dQ dQ

eIab (deg)

These data will allow for the extraction of the proton polarizabilities using LEX. Along with
the X3 measurement, a new extraction of the proton EM polarizabilities will be available
soon.

Theory by: J.A McGovern, D.R. Phillips, H.W. GrieBhammer, Eur. Phys. J. A, 49, 12 (2013)
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Recent Compton-scattering results from HIyS

PHYSICAL REVIEW C 101, 034618 (2020)
Compton scattering from *He at the TUNL HIyS facility

X. Li, M\W. Ahmed, A. Banu, C. Bartram, B. Crowe, E.J. Downie, M. Emamian, G. Feldman, H. Gao, D. Godagama, H.W. GrieBhammer, C.R. Howell, H.J. K
arwowski, D.P. Kendellen, M.A. Kovash, K.K.H. Leung, D. Markoff, S. Mikhailov, R.E. Pywell, M.H. Sikora, J.A. Silano, R.S. Sosa, M.C. Spraker, G. Swift, P.

Wallace, H.R. Weller, C.S. Whisnant, Y.K. Wu, and Z.W. Zhao
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Myers 2015, elastic, E = 70 MeV
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Next: Compton Scattering from 3He
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Workshop Whitepaper

https://arxiv.org/abs/2012.10843 Will soon be published in Journal of Phys G
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https://arxiv.org/abs/2012.10843

Workshop Resolutions: Low-Energy QCD

LE QCD:

The emergence of hadron structure and the nuclear force from QCD is a key scientific problem. These phenomena are a consequence of
quarks and gluons interacting at confinement-scale distances where color forces are strong. The beams at a next generation Compton y-
ray source will enable measurements that uniquely probe hadron structure and hadronic interactions in this non-perturbative regime of
QCD, achieving unprecedented precision in the photon energy range from about 60 MeV to the Nucleon-to-Delta(1232) transition. Key
elements of the program include high-precision nucleon polarizability (scalar and spin) measurements by Compton scattering and near-
threshold photo-pion production measurements; both rely on polarized beams and targets. Such measurements, together with advances in
calculations using Lattice QCD and QCD-based effective field theories, will explore the QCD origin of nucleon structure and charge-
symmetry breaking in novel contexts and with unprecedented sensitivity.

Physics Contributions:
» Highest precision determinations of nucleon
polarizabilities

> Nucleon EM polarizabilities (E, = 65 — 250 MeV): o, P, o, "
> Nucleon spin polarizabilities (E, = 120 — 250 MeV): Ye1e1, Ymim1, YEIM2, YM1E2

o 1074 m’)

« High-energy resolution measurement of n° production PRI EERREI . M SR W—. .
cross section near threshold (AE,/E, < 0.015): QCD origin o o
f B ]: :o V.
0 CS :e 0 /——_/ :E ' \

500100 150 200 250 300 - S0 100 150 200 250 300
@[MeV] @ [MeV]

Gamma-ray Source Capabilities: ' | —j-. 3 \—
E, = 60 — 350 MeV @ U s

Flux > 3 x 108 y/s on target

AE/E, <0.02 YN — 70N
Circular and Linear Polarization >90% scattering length (a) R. P. Hildebrandt, H.W. Griesshammer, T.R. Hemmert and
Fast switching of beam polarization direction B. Pasquini, Eur. Phys. J. A 20, 293 (2004).
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Workshop Resolutions: Nuclear Structure

Nuclear Structure:

The beams at an advanced y-ray source will enable systematic studies of weak collective dipole and quadrupole nuclear excitations with
unprecedented precision. Such studies will provide nuclear structure details and information about the symmetry energy of the nuclear
equation of state that are difficult to obtainable by other means. The increased y-ray beam intensities at the next generation y-ray source
will enable mapping of M1 states in nuclei with a level of detail and breadth that will contribute to modeling of coherent neutrino-nucleus
scattering and to calculating nuclear matrix elements for neutrinoless double-beta decay. Also, a next-generation y-ray beam facility will
enable new exclusive measurements of photodisintegration of few-nucleon systems with precision that provides the highest sensitivity to
long-range three-nucleon interactions in such reactions.

Physics Contributions:

 High sensitivity NRF measurements for detailed mapping of M1 and E1 strengths

« Systematic studies of dipole strength along isotope to provide new insight at PDR and other weak modes of collective motion

» High-energy resolution measurements of photodisintegration cross sections of few-nucleon systems to determine NN scattering
lengths with accuracies comparable to two-nucleon scattering methods

5 S, 10 15  E [MeV]
fEaETTf:ng I\S/Ig\L/lrce Capabilities: S:::m: 6 > F1 W/////////////ﬁ:\ e norporf
Pygmy O

* Flux>1 x10° y/s on target
- AEJ/E, <0.02
e Circular and Linear Polarization > 90%

~
\
Particle threshold N\

- . A-1

Strength (a.u.)

é) , photodissociation

= N

3 < ! Y

£ Gamow >

Teller R
B 0 M1|: A . Nuclear Resonance
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Workshop Resolutions: Nuclear Astrophysics

Nuclear Astrophysics:

Gamma-ray beams will enable measurements that contribute broadly to open questions in nuclear astrophysics, e.g., big-bang
nucleosynthesis, helium burning in massive stars and synthesis of heavy nuclei. The '2C(a., v)'®O reaction is one of the most
important reactions in stellar modeling. The rate of this reaction relative to the carbon forming reaction, 8Be(a., y)'2C, determines
the fate of massive stars. The grand challenge at an advanced y-ray beam facility will be measurement of the reaction rate the
1%0(y,a)'?C reaction at energies approaching the temperatures at the core of stars.

Physics Contributions:
* High accuracy cross-section measurement of the 2C(a,, y)'°O reaction at E, < 8 MeV
« High sensitivity NRF measurements for detailed mapping of y-ray strength functions

— o+ o+ a— '2C +y ; production of 12C
Gamma-ray Source Capabilities: during helium burning
« E, =1-20MeV 2C + 04— 80 +y ;converts 12C to 160
« Flux>1x 10" y/s on target <> determines '2C/'°O
* AE/E,<0.02 . _ The mass and size of the final iron core is
* Linear Polarization > 90% and unpolarized . iticaily dependent on the 12C(a,y) 0
reaction rate
E, (MeV) 10°F
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Workshop Resolutions: Hadronic Parity

Hadronic Parity Violation:

The beams at an advanced y-ray beam facility will enable measurements of parity violating (PV) photodisintegration of
few-nucleon systems. In particular, a measurement of parity violation in deuteron

photodisintegration near threshold is sensitive to a nucleon-nucleon (NN) PV amplitude that is not accessible using
other systems. Such measurements sample the short-range part of the NN interaction, providing unique quantities for
comparison with Lattice QCD calculations.

Physics Contributions:
» First measurements of parity violating asymmetry for photodisintegration of deuterium

B. Despalnques, J.G. Donahue and B.R. Holstein, Ann. of

Gamma-ray Source Capabilities: Phys. 124, 449 (1980).
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Workshop Resolutions: Gamma-ray Source Technologies

Observations:

+ ltis unlikely that a single y-ray beam source can meet the requirements of the low-energy and
medium-energy parts of the field.

« vy-rays are produced by Compton scattering of electrons from photons inside an optical cavity that
is pumped with an external laser.

+ Low-energy facility (Ey <20 MeV): Options included an energy-recovery linac (with
superconducting RF cavities) and a storage ring.

+ Medium-energy facility (Ey = 60 — 350 MeV): A storage ring was the primary option for the higher
energy y-ray source. There is confidence that a high electron beam quality (low emittance and low
energy spread) can be maintained in modern storage-ring lattices, thereby enabling production of
y-ray beams with low energy spread.

* New facility cost: The new facility construction cost of the storage-ring option for either a low-
energy or medium-energy next-generation Compton y-ray source will be over about $150M. This is
extremely coarse and is intended only to set the cost scale within about a factor of two. Less
expensive options for the low-energy sources, e.g., upgrades to existing facilities, were also

presented. _ _
Fabry-Perot Cavity Beamline

head-on collision ~ noncol llinear co llision . ARC exir:agle (CERN ERL)

~80m
amma-r. | e |
¥ < L 1 300 MV |

." N\
\\_[] 10 Mev e K
750 MeV ) 0 it 3t0Mev (1)(]) asomey ~16M

/ / P/'
i A
e ==

optional

3/ i o
480 MV/ (18 MV/m) x 2~ 5om  collision points
10 MeV, 20 mA 4

injector packing factor

Baseline: storage ring baSed solution:
up to 3.5 GeV, 95 MHz, 64 bunches, ~5 nC, 3kW, total flux: 5e10 g/s
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Workshop Recommendations TUNLv

» |R&D recommended to reduce risk on y-ray source design, e.g., optical cavity development > HIyS2

* Investments in polarized targets needed to prepare for experiments at next generation
Compton y-ray beam facilities

* Investments in active targets are needed to carryout the highest impact nuclear
astrophysics measurements at a y-ray beam facility

» Investments in nuclear theory are needed to support LE QCD experiments at the next
generation y-ray beam facilities
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HIyS2: y-ray Beam Flux Projection

Projected flux of FPC driven CGS vs o N
HIGS (with Max and User flux performance) _ X rays
| I R g
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HIyS2: Comparison to HlyS and NGLCGS

Next-generation CGS
HIGS Facility HIGS2 Upgrade (Low-energy Example)

Accelerator Existing Storage Ring | Existing Storage Ring | Advanced Storage Ring

Energy (GeV) 0.24 - 1.2 0.38 - 1.1 0.30 - 0.75

Beam current (mA) 50 — 120 300 — 400 1,000

Beam pattern two-bunch 32-bunch multi-bunch
Laser System Free-Electron Laser Fabry-Perot Laser Fabry-Perot Laser

Wavelength (nm) 1060 — 190 1064 1064, 1550, 517

Intracavity power (kW) 0.03 -2 20 - 50 50 — 100

Repetition rate (MHz) 5.58 89.3 ~ 120
Gamma-ray Beam

Energy range (MeV) 1-100 2-20 1-20

Total flux (v/s, in 47 solid angle) 10 —3'% 10" 5 x 101°- 5 x 10'2 few 10— 3 x 103

Gamma beam pulse rate (MHz) 5.58 89.3 ~ 120

Polarization Linear and Circular Linear and Circular Linear and Circular

Helicty switch 0.01 — few Hz Tens of Hz Tens of Hz
Example: 2.56 MeV ~-beam

Total flux (v/s, in 47 solid angle) ~ 1 x 10° 2 — 4 x 1012 1-3x10%

Flux on target (% = 1%, FWHM) (low flux) 2. — 5 %10™" 1-3x10"

Flux on target (% = 5%, FWHM) ~ 6 x 107 1-3x 10" 0.6 — 2 x 10'2

Table 2: Comparison of HIGS2 with the HIGS facility and a storage ring based future next-generation,
low-energy Compton Gamma-ray source (an example).
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