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Early Days at TUNL

I first met Robert as an REU student at TUNL in the summer of 2018
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* Robert was settling in as the
Bilpuch Professor at UNC

* Becoming acquainted with the
nuclear structure and
astrophysics work being done at
TUNL

* Already plotting to improve the
gamma-ray detection system at
HIyS
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High Intensity Gamma-Ray Source (HIyS)

Laser Compton backscattering used to produce

quasimonochromatic gamma-ray beams -
&2
* Energy ranging from 2 to 120 MeV ;,\?S" |

* Linear or circular polarization option

Beam Distribution A? collision point @0
5.05 MeV Y
0.05 - AY o o
- ‘ rw
wht o

FWHM = 180 keV
0.04 A ; <\\iifiia 4h‘1;;;f”
™

% 0.03 ' 'f{“nﬁ
= & H. R. Weller et al., Prog. Part. Nucl. Phys. 62, 257 (2009).
g o FEL mirror
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0.01_ . . . . o .

« Uniquely high-intensity facility for gamma production
0.00 A

4700 4800 4900 5000 5100 5200 5300 5400
Energy (keV)

| Hia oo R
Duke sz necentrar BRI (71 TN C 4

UNIVERSITY



Nuclear Resonance Fluorescence (NRF)

, 5 S. 10 15  E,[MeV]
« Absorption of a resonance-energy photon by the - §" s
nucleus, populating an excited state which then - S:;‘;‘I":: E1l
decays via gamma emission % —> Pygmy§
* Mainly low-spin states are excited (E1/M1) g
* Linear polarization of HIyS lets us make the E1/M1 =M |
distinction! a ;
£ cissors mode " Gamow
- Teller
;] W 0 M1
5 10 15  E,[MeV]

C. R. Howell et al., J. Phys. G: Nucl.
Part. Phys. 49 010502 (2022)
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Dynode connector BNC ——fm i

- 12 V. connector ——¥¢ )

HV connector SHV

F=—— Housing of Aluminium

J=— Screw M25

———— Voltnge divider &

Preamplifier

[=— Magnetic shield
iwall thi's 0.64 mml

@ 51 mm PMT

LEMO - 05302
« My REU project was to test CeBr; scintillators
(no intrinsic radioactivity)
 Linearity, energy/timing resolution
* Robert ordered 12 to use in a new array!
S
SECTION A-A

Optical interface

e— Epoxy seal
—— @ 51 x 51 mm NalTU) Crystal
—— Reflector

l==— Body of Aluminium
iwnll thk's 0.4
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REU to PhD TUNLv

There are no stupid
questions!

...even at 3am!

Thanks to Robert, | felt very
welcome in this field.
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Assembly of the Clover Array (2020, post Iockdown)
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First Measurements (2021): Shape Coexistence in/near the Ni isotopes

* First Clover Array

A -—\
measurements were 5. '
motivated by shape o
. . . — \
coexistence in the Ni 4- S
. - N -
Isotopes = \\ . D
. . 2 37 e — - N @ /’/
* Ben Crider described ™ . @  —
already why the Ni - @ . — @
Isotopes are ™
Interesting! 17
| Jor,® © 6 © 6 6 06 0O
e Instable ®Ni all 7ol m—— e — e — e m— e m— e — —
62\ 64N 66\ 68N 70N 2Nj 7AN;i 76N 78N

excited O* states
have been seen
using NRF at HIGS stable

N. Marginean, Bormio 2025
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Full Characterization of ¢8Zn up to 10 MeV

Part 1. NRF Scan
* 30 beam energies: 2.90-9.79 MeV
(Sp = 9.98 MeV)

* 3 hr measurements B
« Linear polarization =
T
i
Part 2. Dedicated Coincidences
* 30 hr measurements at 9.46 and 9.79 MeV LYy,
« High level density o . Ryl RS
o Y1y,
* Hope to see extended level structure 1R T
: L.L %
Y v ot
g
vy -+
0y

A. Zilges et al., Prog. Part. Nucl. Phys. 122, 103903 (2022).
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First Measurements (2021): Shape Coexistence in/near the Ni isotopes

6TZn ToZn 79Zn
|.. . . . - . . R

N

TUNLv

FoCn

8Ni

@ ?3N1(74N ||> ¥ ENi@??N

P3re 7000 Tite ?zc-:\ra-c/ F4Co TFHCo F5Co

58Fe . 6OFe ...- §5Fe  66Fe &7Fe &8Fe &9Fe 7J0Fe T1Fe 72Fe 73Fe 74Fe 75Fe

z=28 R e4n._@_@ @_.

FiCo

Y9a/2
* How do the shapes change with Z? P12
* Do the same excitations persist in a stable system fs2 eeoe00e

with two additional protons?
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Results for ¢8Zn TUNLv

120 175 A
i @ M1 |
158 excited states Lo Some uncerta
were found below the 3 parities!
: e
particle threshold! =
120 \25 75 A
4 E1 3
3 50 1; I
E— 25 I I |
I I &
E ; _ ) & I_ IIIIQI I T s
' ' ' ' i
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120 150 - E1
100
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60 F
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Shell-model predictions (°°Ni core) don't capture total M1 strength

900
— jun45
— jj44b

exp (upper limit)
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Full fp model space (4°Ca core) predicts additional high-energy strength

— jun45
— jj44b
1200 -
exp (upper limit)
B exp (lo)
1000 -
2 800 -
>
g
S
S
< 600 -
X
These results demonstrate core breaking in ©8Zn
400 -
200 - W
0 1 1 1 1 1 1 1
3000 4000 5000 6000 7000 8000 9000
Calculations by B. A. Brown Energy (keV)
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Experimental Level Scheme

@+ 4215

4061 2
3935 3*

3726 Y 3717

3587 4+
3tat 3496 3451 @4 3429 —

1+
3160

[or]

3138

3287 ot
3154 )
2858

.

A S o+ 36 se7 (2

\ T ’ o751 _ o822 o+
1546 ;’3_ 2984
PP . . . . 251 0 . 868 . '
\ l / / 2110 2210
: ¢ .. 1674 . 1745
T ) / / /

2419 2374

600000

400000

200000
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Coincident Spectrum

N
(S
o
o

23 excited states up to ~4.2 MeV were identified

2000

1500

1000

Counts / 10 keV

500

800 1000 1200 1400 1600 1800
Energy (keV)
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Experimental Level Scheme: High Spin for NRF!

@+ 3717

Higher angular momentum
than expected coming from
multi-step decays
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Experimental Level Scheme: 0* States

Reached several of the 0*
states relevant for shape
coexistence

1883

1077

2+ 3717
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Lifetime measurements using NRF?

» (CeBr; resolution of 250 ps demonstrated with real NRF data — a huge step forward
 Lifetime measurements may be possible after careful calibration
o Project of Daniel Melayes, UNC

2%, Gate 1: 2§ »27 FWHM = 361(32) ps
107 Gate 2: 27 »0f | T
(]
n !
— c
O — 5} §
(Q\| o 1
< -
()
o
d 3
+
2 ¥ 1=1612)ps 3
~
o i )
—
O+ + a
-3 —2 -1 0 1 2 3 4
°87n dt (ns)
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Outlook for the Clover Array

« The 8Zn data allowed an extensive test of shell-model calculations at low spin, revealing which shells
become active in different energy regimes

« Coincidence measurements have expanded the reach of NRF up to J=4
« In the meantime, dozens of other fascinating experiments have been performed

« Still more potential for physics discovery with this array that Robert and the team at TUNL have worked so
hard to bring to life!

2% 4215

4061 )i
3935 &

3726 @Y 3717

3587 4%
(%) 3429
3287 2t

-
3160 3154 + y 3187 (2%)

31020

1388 3t 3009 836

~
/ 2 | el
3138 1546 6
1271 + 1698463 413 2858 2984
2+ 2338 2649 ... \.....\.... . v L..... DT I F. » N
2419 2374 2510 868
2269 2110 2210
9
i 3 DR Y Y I Y ST 1745
\ - | / /

n
o
®
@
n
3
N
@

X NC STATE
Duke N7 UNl'SgEeRnStera\! UNIVERSITY 19

UNIVERSITY




LN
QN
o
(Q\
)
-
>
—_
)
wn
-
)
Y
0
A
)
e
o
IS
O
L
4
c
©
S
qv)
wn

NC STATE
UNIVERSITY

Robert’'s Retirement, February 2025
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A year full of celebrations




Thank you! Questions?

Robert V. F. Janssens, B. Alex Brown, Akaa D. Ayangeakaa,
Soumendu Bhattacharjee, Emily Churchman, Sean Finch, Udo
Friman-Gayer, S. Gaither Frye, Matteo Fulghieri, David Gribble,

Xavier H.-K. James, Richard Longland, Daniel Melayes, Clay Wegner

This work is supported by the DOE, Office of Science, Office of Nuclear Physics,
under Grants DE-FG02-97ER41041 (UNC) and DE-FG02-97ER41033 (TUNL).
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Gamma-Gamma Coincidence Measurements

* Level scheme analysis

o+
4
- Gating on the 2+, = 0*, transition 3
Gate
2{ >0f
Y4
S
= 400000 .
" P
£ <
3 200000 - - ":
V-
O 1 1 1 1 1 1 N
800 1000 1200 1400 1600 1800 ©
Energy (keV) =
Coincident Spectrum
> 2500 25 =27 ]
£ 1261
2000 |
= gate v A 3- 50+ 24 22f
= 1500 05 =>200 4f >2p L 1745 A —
3 1000 ,':
500 1 1 1 1 1 1 Q
800 1000 1200 1400 1600 1800 ~
Energy (keV) O"‘1
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Coincidence Matrix Analysis TUNLv

Example: Gating on the 2*, & 0%, transition

Counts / 10 keV

Gate
2;" >0
Y4
o
< 400000
(V]
1=
3 200000 |
©)]
~
O 1 1 1 1 1 1
800 1000 1200 1400 1600 1800
Energy (keV)
Coincident Spectrum
S 2500 25 > 2
v 1261
o 2000 -
= gate 0 »2¢|| 4+ oos 37 52f 2} =27
»n 1500 1 2] 1745
£ ‘ 1219 1674
3 1000
@)
500 1 1 1 1 1 1
800 1000 1200 1400 1600 1800
Energy (keV)

Gate on one gamma and background-subtract to see what others are associated

Gate
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Shell-Model Predictions for M1 States

900

800 A

700 A

600 -

— jun45
— jj44b

exp (upper limit)
B exp (lo)

400 - between the p;, and p,,, shells

500 - Strength comes from transitions within
the p4/, P3, 50, @nd ggj, Orbitals, and

51, o(M1) (eV b)

300 -

200 A

100 A

3000 4000 5000

6000 7000
Energy (keV)

8000

9000
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Shell-Model Predictions for M1 States

M1 Spin-Flip Giant Resonance
L-"2 Of
A 5/2
900
— jun45
xp (upper limit) 2 7/2
I exp (lo)
700 A
600 -
% 500
g
“:2_400
300 A
An expanded model space
200 A .
is needed to account for the
100 1 experimental M1 strength
° 30|00 40|00 50|00 60|00 70|00 80|00 90|00
Energy (keV)
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Shell Model Predictions for M1 States

—— jun4s
— jj44b
12001 ¢
p
exp (upper limit)
Bl exp (lo)
1000 -
 High-energy strength is described well by including the f;,, shell
2 800 * Low-energy ps3,, -> p4,, strength is overestimated when nucleons
3 are not allowed to occupy the gy, shell
=~ « The fp model space does not allow for 1- states
Eo_ 600 -
Nm ° .
These results demonstrate core breaking in ©8Zn
400 -
200 - r
0L

3000 4000 5000 6000 7000 8000 9000
Energy (keV)
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Shell-model level scheme TUNLv

experiment jj44b

JUN45

ra | NC STATE |

3+ 3935
4+ 3896
4+ 3849
4+ 3711
3+ 3603 T 3603
4+ 3587 4+ 3579 A —
4+ 3568 1+ 3571
1+ 3346, 3345 3+ 3345
2+ 3287 e 4+ 3297
4+ 3282 X - 3241
+ 111
o+ 3103 3 4t 3010
3+ 3009 2+ 3033 24 2935
2+ 2851 o+ 2918
2+ 2822 4+ 2817 3+ 2915
3+ 2675
0+ 2637 4+ 2604
2+ 2479
4+ 2417
2+ 2357
2+ 2338
4+ 2141
0+ 1951
2+ 1883 2+ 1866 2+ 1895
o+ 1709
0+ 1656
2+ 1077 2+ 1059 2+ 1099
0+ 0 o+ 0 0+ 0
D]]ke N7 NCCentra
- UNIVERS

UNIVERSITY

| UNIVERSITY

4+

N B (=T
++  F *

N W E W AN
+ o+ F o+

fp
— JT

{

J7 Branching Ratio (%)

exp. 77446 JUN45  fp
" 3t 2t 9.6(11) 347 326  94.1
e 27  81.8(5) 65.3 67.4 4.5
« Experimental level scheme best described by the jj44 model
space
216 o Energy deviation ~200 keV for jj44b and JUN45 and
~300 keV for fp
 Branching ratios are best described in this model space as
well using the JUN45 effective interaction

* Another indication of the importance of the gy, shell at low
energy

’“IUNC
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Coincidences: Fast-timing techniques for measuring lifetimes

Interested in exploring the lifetimes of states
populated during coincidence measurements

687n states of interest:
e 1%/ states: 7~ 10 fs
« 0%, state: 7~ 100 ps
* Low lying 2* states: t~1ps

Resolution of CeBr scintillator ~200 ps

N

| .,

~ 2974  20(7) ps DT
2671 134(9) ps <
7.6(8) ps U3

|
1549 1245 05

66Ni

S. Leoni et al., Phys. Rev. Lett. 118, 162502 (2017)

' NC STATE Kimi
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Fast-timing techniques for measuring lifetimes

Centroid-shift method may enable sub-picosecond timing.

687n states of interest:
 1+*/-states: 7~ 10 fs
 Otstates: 7~ 10 — 100 ps

« Low lying 2* states: 7~1 ps

p NC STATE B
Duke s negentra HMUNC

UNIVERSITY

30



Fast-timing techniques for measuring lifetimes

Centroid-shift method may enable sub-picosecond timing.

687n states of interest:

« 1%/ states: t~ 10 fs — Just too short-lived
« O*states: 7~ 10— 100 ps <— May be measurable
« Low lying 2* states: 7~1 ps 4
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Multiplicity Cuts TUNLv

550 keV CeBr threshold

Counts / 10 keV

10% f

1000 1250 1500 1750 2000 2250 2500 2750 3000

Energy (keV)
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Utilizing unresolved transitions

~9500 keV CeBrs Gate
— 600 |
>
9
o 400
—
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c 200
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6500 7000 7500 8000 8500 9000 9500 10000
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o 10r
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8
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(@)
O
—10¢k 1 ] ] ] ] ] ]
0+ 600 800 1000 1200 1400 1600 1800 2000
Energy (keV)
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Utilizing unresolved transitions

9500 keV CeBrs3 Gate
SR 600 |
>
v,
o 400
—
P
€ 200
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O
O L
6500 7000 7500 8000 8500 9000 9500 10000
Energy (keV)
Clover Spectrum
80
3 21 =07
~ 60
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=
Ny 3 20}
= N LWW
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Utilizing unresolved transitions

~9500 keV
R CeBrs3 Gate
600 |
>
v,
o 400 F
—
‘2 200 +
>
o
O
0 -
6500 7000 7500 8000 8500 9000 9500 10000
2+ Energy (keV)
O+2 1883 keV Clover Spectrum
2
1656 keV
2. § l ﬁ\: 3 200 Zg -0
o 1077
Y 1077 keV S
X ~ g 100 2+ 507
—
O+ Ot 1 1 ] ] I 1 h
A\ Y 600 800 1000 1200 1400 1600 1800 2000
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Utilizing unresolved transitions

1+-
~9500 keV
e 5 - —
Gate 1: 8.0 - 8.75 MeV "bump" FWHM = 285(17) ps
4k I
Gate 2: 2{ -0 “\
) ]
c 1
= \
o B
S 3 |
] L
Qo 1
wn 1
2 2f : ]
> I 1
(@] I 1
@) l ‘
1 l| ! i
2%, 1077 keV \
- |
N 1=1.61(2) ps 0 . . 2 - .
T ~3 ) -1 0 1 2 3 4
0 —t dt (ns)
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