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 Summary of 2018: proton and winter physics schedules
Safety/training

* Technicians

* Publications
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Summary of beam requests 2018

TISD/EC/IDS Sum of Requested shifts

0%
TISD VITO (blank) LAL:LAl:Biophysics
22Mg 8B

NICOLE 2% 6 WIgAR 3% COLLAPS _
1% 1% 1% 1% 29 Collections
LA1 (alpha setup) / 0% GANDALPH
[LA2 (tape station) Medical 2%
or ISOLDE Tape 2%
Station] o
0% ISOLTRAP -
4% -

TISD

Row Labels

Biophysics
COLLAPS
Collections
CRIS
GANDALPH
HIE
IDS
ISOLTRAP
Medical
NICOLE
SSP
TAS
TISD
TISD
TISD/EC/IDS
VITO
WIZARD
(blank)
LAL: 22Mg
LAl1: 8B
Grand Total

Sum of Requested
shifts
35
25
1
57
16
629.5
84.501
38
20
8
65
5.5
18
0
3
18
15
1
10
8
1057.501
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Mo
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Fr LHC Pb-Pb ion pm sics 4 wks
Sa North & East Area Pbio thslc 54 wks
Su
I:Ilniecror Complex MD Block HiRadMat: possible beam request

[ I Technical stop for the Injector Chain

[ indication of LHC MD blocks proton period

[ Ispecial {physics) runs

48 LINAC 3 Pb oven re-fill

I:llons to NA and/or LHC

[ ndication of LHC MD blocks ion period
[——"lparaliel sps MD, reduced duty cycle for NA

Protons available for physics to ISOLDE from 9t April — 12th
November 2018.

(no extension possible)
1 week less physics with protons than 2017
217 days compared to 224

HIE ISOLDE was ready from 9t July after 90 days of LE physics

HIE: Started with a Coulomb excitation block then focused on
the reaction experiments

More setup time often needed for these plus more varied
setups.

All three HIE beamlines in use e.g. ISS
calibrating/commissioning while Miniball ran CE, installations
ongoing at XT03.

Low energy runs allowed for some breathing space (and exchange of
EBIS cathode). To allow for best use of machine, some experiments
ran in parallel/invisible mode e.g. Solid state physics: one dedicated
run in 2018 i.e. blocking CBL and with new target.

Focus on LOIS at end of year: looking forward.... Winter
physics programme to start in Week 46 for HIE (x2) and CRIS



ISOLDE Schedule 2018: weeks 15 — 46

GPS schedule 2018
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Final weeks were provisional: in the end too tight; molecular Sn for HIE had to be cancelled. Provisional
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inal ISOLDE schedule

GPS schedule 2018
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GPS schedule 2018
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HIE-ISOLDE EXPERIMENTS 2018

reaching 9.5 MeV/u with HIE-ISOLDE

Reactions:

« 38B(64Zn) @ 4.900 MeV/u (SEC) Disappointments: multi nucleon transfer 94Rb and other strong primary

o 1liBe(decay) @ 7.498 MeV/u (SEC-TPC) beams. Rights have been given. Procedure approved but would have
@ 7.200 MeV/u (Miniball) restricted too many other experiments from running/setting up in 2018.

o 28Mg(t,p) @ 9.473 MeV/u (Miniball) B 11 e

e 2BMg(d,p) @ 9.473 MeV/u (ISS) S SR

- "3 o » "

o 206Hg(d,p) @ 7.380 MeV/u (ISS) X e

Li(t,p) @ 7.5xx MeV/u (SEC) Phase 2 - 2018

Coulomb excitation (Miniball):

o Ky @ 5.325 MeV/u

o 212Rp @ 4.355 MeV/u

@ 3.824 MeV/u

o 222R3 @ 4.305 MeV/u

e » 228R3 @ 4.310 MeV/u

(> 3 . 142B3 @ 4.190 MeV/u

f : « 222Rp @ 4.230 MeV/u

Scattering ISOLDE Solenoidal e 224226Rn @ 5.080 MeV/u

chamber (SEC) Spectrometer (ISS) o 1065 @ 4.404 MeV/u




November December
s [ a6 | a7 50

Winter physics programme:

7Be @ 5MeV/u to XT03 (similar setup to recently
used 9Li run)
Target irradiated in past weeks (cold). Be mass

marker.
November R RaF for CRIS: target with CF4 leak irradiated at
[ a5 | 46 47 48 49 50 MEDICIS.

#672Ca0
vD7

44TI for Edinburgh chamber (similar to 59Cu in 2017).
Planning ongoing with PSI for importation of material.

RaF (CRIS)

Target CERN Setting RILIS
change holiday :2':’;‘:: run
KJ: 26.10.18

In addition some emittance test requestd by MIRACLS
on both HRS and GPS.
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Count of Delivered Sum of Delivered
Setup 2018 2018
Biophysics 4 31
A - H COLLAPS 3 35.5
Beam pie (preliminary) 2018 COLLAPS, WITO
Collections
:7Be
Collections:
163Ho
CRIS
Gandalph
HIE
IDN)
ISOLTRAP

Nuclear reactions
19%

Coulomb Excitation

14% lal

MEDICAL

Medicine
Miniball

NICOLE
REX
Special
SSP
TISD , TAS
3% TISD
VITO
Windmill/IDS
Windmill;
ISOLTRAP
WITCH
(blank)
Grand Total

Coordinators reserve
3%




Row Labels

Biophysics
COLLAPS
COLLAPS; VITO
Collections :7Be
Collections:
163Ho

CRIS

Gandalph

HIE

IDS

ISOLTRAP

lal
MEDICAL

Medicine
Miniball

NICOLE
Special
SSP

TAS

TISD

VITO
Windmill/IDS
Windmill;
ISOLTRAP
WITCH
(blank)
REX

Grand Total

Sum of
Shifts
remaining
(Feb 2018)
79.5
69
13
24

6
85.5
17
746.5
92

51

37
25

4
2

29

3
138.5
11.5
14

22.5

1535

Sum of
Delivere
d 2018

31
35.5

39

139.5
43
17

10
18.5

64.5

418

Count
of

Sum of
Shifts

Delivere remaining

d 2018
4
3

NFE, NORFRPFP®W

13

47

2018
48.5
33.5

13
24

1105.5

REX

(blank) |

WITCH

Windmill; ISOLTRAP |
Windmill/IDS |

Special
NICOLE |
Miniball |

Medicine |
MEDICAL |
lal |

ISOLTRAP

IDs |
HIE |

COLLAPS; VITO

COLLAPS |

Biophysics |

Sum of Shifts remaining 2018

NOTE: preliminary counting; includes RB recommendation
that TAS experiments be closed from INTC-59



Fall 2018 at C#LLAPS

Sb (Z = 51) isotopes across N = 82
v/ 112-134GhH (N = 61 — 83): 23 isotopes incl. several isomers
© Many new moments and radii: large part of physics
goal reached
e © Smooth ISOLDE/RILIS operation
after LS2? ® The interesting 13°Sb (probably) out of reach

(impossible with . . . . . .
present front end) considering the contamination level/available shifts*

v Second element using frequency quadrupling (217 nm)
e 27 Sp run canceled in favour of the VITO run,
compensation with ~2 additional shifts in 15t run

134Gk, ~1 shift of statistics

128Sh, gs + m = 18 peaks

2200

"128mGh zoom

: WWLM)\W

i

-

2 3 )

5




Emission channeling (EC-SLI)

Lattice location of dopant atoms in functional electronic materials

11Be (Be RILIS)

27Mg (Mg RILIS)

in n-type GaN in p-type GaN
[0001] axis [0001] axis
T=300K T=300K
- J

'

Mg and Be are p-type dopants

in GaN, a wide-gap semiconductor.
Continuation of our previous work [1]
Application context: Optoelectronics

[1] U. Wahl et al., Phys. Rev. Lett. 118, 095501 (2017)

angle [°] -2 -1 0 1 2

56Mn (Mn RILIS)

in Geg g;Mng ;3Te
<110> axis
=100 K

Mn is a magnetic dopant in
Ge,,Mn,Te, a model

multiferroic Rashba semiconductor.
Application context: Spintronics

61Co (Mn RILIS)
in diamond
<110> axis
T=300K

Co in diamond is a potential
single-photon emitter.
Application context:
Quantum information
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VITO since last ISCC

* Work on technical improvements since May beamtime
* More homogenous, stable, and stronger magnet
* Fitting NMR chamber
* Fitting transitional field section
* New NMR system for field readout and stabilization

* Vacuum tests and NMR studies on new solutions and DNA
samples

* 17ppm shift for DNA G-quadruplex confirmed in a vacuum-
compatible solution
 Beamtime 2 weeks ago
* Very stable and reliable setup

* many NMR resonances and relaxation-time data of DNA G-
quadruplexes and crown-ether solutions in different solvents

o.1es|
014
LRE
, ol
012s|
o1z

01154

oL

) ) ! ) )
8.8388 8.839 8.8392 8.8394 8.8396
RS-Freauencyv [MHz1



Counts per 1keV

Coulomb excitation of Ra/Rn isotopes: 1S552

222Rn beam

Target gated, background subtracted, Doppler corrected for scattered projectile

104 T dcB
= 42 Entries 206171
C Mean 200.2
[~ 6+-4+ Std Dev 128.3
10° =— -4 1205 target
E 8+-6*
: -6 \
10?2 = [\JN 10*- 3+ .
10 = fCounts/lO M"W‘
C ﬁ 60N target 'l II "} M K
1 L1 1 ‘ L1 1 1 I 1111 l L1 1 1 ‘ L1 1 |
0 100 200 300 400

Energy [keV]

Counts per 1keV

10°

102

10

.1

1206 target

Target gated, background subtracted, Doppler corrected for scattered projectile

T dcB

— 2+ 0+ 4*-2% Entries 120854
B 6+-4* Mean 2426
— Std Dev 188.4
E_ 8*-6*
- ‘-8 10*-8* 224R|’| beam
; | 1775
— | ‘ 3-2
- 200 4y \ u
= 6+-4* |
— 8+_6+
— 12%-1
: 226Rn beam 10+-8*

LllllIlJ|IJlI]lIIllIIJlIJlIIlIIlJlIJI|l||l]||
0 100 200 300 400 500 600 700 800 900

Energy [keV]

Heaviest isotopes post-accelerated at ISOLDE (and beyond?) Difficult/busy run with many

energy changes and isotopes.

Analysis ongoing (and making impressive progress...)




Warsaw TPC
chamber: no
spectra to show
yet: but mid-run
celebratory
tirimisu



Preliminary data from ISS 192%1di

Courtesy Dave Sharp

) ) Recoil proton energy versus position on detector
28Mg(d,p)**Mg reaction in ISS P &Y P

1 EY 10: I A .. . —7
with accelerated Mg beam at 9.473 MeV/u 2 T IR
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highest HIE-ISOLDE beam energy ever ! Ye
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Exploring terra incognita with ISS (1S631)

A study of the hitherto unknown single-neutron structure of ?’Hg was carried out using a 24 MeV/u ?%°Hg beam and the /SOLDE
Solenoidal Spectrometer to momentum analyze the protons following the neutron-adding (d,p) reaction

T—T

First exploration of single-

*| Image of the bore of ISS viewed from 10— 4 - el ez
st S s o [Dasin oo | | |Wt il particle states outside N = 126,
' - | distance traveled between the target and L0l 31034 1898 .
8, intercepting the Si array - lines are excited o] o | south of Pb, made pOSS|ble by
7| states in 204
’ ISS.

Experimental info:

Praton energy (Mel)

* -5x10° ions per second of
20%Hg for ~82 hours

5 0 * Beam purify of >98%

Target-Siarray distance (mm)

* Measured in singles mode

......................................................................................................................... é??jt?ﬂ f;;;g%gz [ ] USlng >30 deu‘l‘erai‘ed

polyethylene targefs of
thickness around 165 pg/cm?
(to deal with target

IIIII‘IIIIIIIII!IIIIIII

. — degradation)
— ¢ ISS set to a B-field of 2.5 T




HIE-ISOLDE beam energy

Importance of 10 MeV/u for exploitation of the direct-reaction studies at HIE-ISOLDE with ISS and Miniball - 10 MeV/u is ideal (for example the
28Mg(d,p) study IS 621), leading to larger (optimal) cross sections and more distinct angular distributions for all reactions and masses, thus
maximizing the efficiency of the experimental program

5631 at 7.4 MeV/u |
| | | | | | | | | | |
41 o 8—=6 _
10 - 1 ] Using the example of |1S631
” I T8 - Yields based on a 5-day experiment (typical for
5 10°¢ . many ISOLDE runs)
O B i
Lo i /e/@ 4
E - o : 10 MeV/u would allow the full complement of
S 10°F . single-particle states to be probed in heavy
3 I 1 nuclei, for which ISOLDE excels.
T © £-=0
2 I o =2 _ o
101 L o g-4- At a reduced beam energy, the higher j single-
i s-6|] particle states (populated more weakly) are out
i -7 of reach, but present at 10 MeV/u
100 | L | L |
6 7 8 9 10 11 12
Beam energy (MeV/u)




Some observations through the vear

HV injection Lens injection Linac pre wigger-V Steerers Ejection-V Miniball Kicker pre wigger
aaaaaaaaaaaaaa
Delay 100.0 ps Delay 100.0 ps
Y Y AAAAAAAARA YYYrY Yy Yy Y
Delay 1190 ps || Delay 100 ps Delay
AbdAdLL A Addddd & TYTYYYYYNY TYYYYY

Pulse length E?eee ps || Pulse length %9(3?2 us ey T w SB and 96Kr. NOt realized
Beam type NORMGPS No Exception to dtspiay... - SOLDE runs.

pps 1520el0 (max 1 B
ppp 3109el0 (max 3

. - ] '_SP.) — _I' 1
Operalipgsition H:0.01 - V:=9 /. .| = - jo-sep-2018 Dan) 1 Nell
unders

7GP3 trippped.

ha

Fucus STAN DARD 1 4 Despite the multiple attempts to optimize the 134Sn rates at Miniball, I haven't been able to g ‘
.

_ T e
ionization chamber to try to confirm or disgard this possibility. They will alsc regquest more p

The 134Sn31 B/g=4.322) peak could be next to a much higher 168Yb39+ (A/g=4.308) one. During o
Parameter set NORMG /52 i

24l00: 49 fact that the count rate of 134Sn31+4 didn't go down when the REX-separator field was increased

Machine
bunching

s (wells in
juently broken.

Prﬂtﬂn current 2-43 u l Cannot get the 3mm hole in position in XIHS!

I"t_bearrl 0_6086&18 p Finally got it in after many attempts.

Stabili{MAG70 46.021  GHM ¢ 'ars ago not
being

afozzon || TP
. 'H' 5l05:00 ﬂjle:t“os:at'c elements down .
MOIeC Targ Et. -"-"_5 1 3 HRS10 sector valve closed and electrostatic elements down. Valve opened and electrostic elements reset remotely. IS yea r We re

{o)0 11 HT:30.10 k¥ Target:403 A Line:397 A

Comments (27-Jul-2018 15:02:43)

L A L
MD fo - ; - _ y _ } . i BN oS suffereo

programmes downstream. Many thanks to the booster for adapting and maintaining our needs.

ess than fixed target



Interaction with MEDICIS

i9%19¢

[ Week432018 I
IVI E D I CI S SC h e d u Ie 20 18 RILIS GPS HRS CA0 | Protons| MEDICIS _ Visits __other
AM Switch back & i GPS
Lege nd z 2 . :romc'- 59"5"6 = Once GP'S posiive. — o protons:
Mo September October November E § PM until mid-afternoon 15645 takes beam MRS Tomwms| "::;x
Wk no. 39 40 41 22 a3 I - corentions S [ R {profon sean needec?) ET=
ight 15645 HRS  NORMHRS
MO D00 8 DG . e 5 Visits w AM HRS  NORMHRS wﬂi:zn )
i : o : ; adia M, oLoE Irradiations g 2 15645 forsimen [ @
OMBY  apn Y R R i 3 5 mm HRS  NoRMHRS| Segraen | 3
Collection 2 g 15645 -
U D 2 R
_____ 150MBq (prototype Sample manipulation :s‘m S — :22 romens iaiaton [ 5
ter a er & e S MD3 e | ™ 'SOLOE) E = — B
WE . - el - . anm rep e e Cont. week no. % § PM stable setup to GLM 15645 HRS  NORMHRS g
rrrrrrrrrr S
™ poos day of month = T o 15645 HRS  omwms)| ]
; A Stable setup cont 5615 HRS
..................................... : | ¢ 2 pulses STAGISO. T £
R 20 ¥ g 5641 final stable tune HRS =
D @ . E S TT1Cd 0 GLIM R o
"""" 5 ’:‘ 5 i T mnt — - i HRs R0 z
" 0 E J § . I— T71Cd 1o GLW 564 HRS ?gij’sgi
L 5.8 ) S (7)) TT1Cd 1o GLM TS HRS
- w § = NORMHARS!
su T g T T71Cd o GLW TSEAT wrs e
TASTRS ) - T11Cd o GLM TS6H HRS g%zigoﬂ_% e
g % T71Cd 1o GLM TSEAT HRS g5
3 S (15641 ends Sat PM for STAGISO_G § %
111Cd to GLM cooling) HRS = S S
" 11Cd to GLM HRS  STageo s E g
Interaction with MEDICIS has been mostly constructive; still learning. Close i
=] STAGISO_GJ g
e 2 E e . 11Cd to GLM WRS PS5 -
interaction with Joao Pedro Ramos (MEDICIS run coordinator). Can be mutually . o cam o] g
b= (tbc) TaW or UC W =
T P T . . . . . 8 FATUC -n(ow] HRS
beneficial: irradiation for winter physics. If protons could be maintained during target
HRS

movement could be essentially transparent to ISOLDE. Improvements to the montrac
security chain for target changes would also help. But physics programme has not
been hit hard by MEDICIS.

Summary of week: GANDALPH experiment ends on Monday. Switch back to Positive on Monday morning. Once this is complete, HRS will take over. 15645 26Na to Vito.
Proton scan may be required, else nominal settings from previous target run in week 27 can be used. 15645 runs till Thursday afternoon. IDS then takes beam till
Saturday ~ 1400 (to allow for radiactive cooling for target change on Monday 29th)

(GPS): At run ends on Monday morning at 0900. Switch back to positive Monday moming. #534 Sn (VD5) for 111Cd beams to GLM. Setup to GLM only
HT = 30kV. Follow settings for target from 2017: 14 Aug 2017 and 9 October 2017 and week 17 2018. Slow release of isotope, no proton scan. Usually
requires a few hours to stabilise. 1-2 STAGISO pulses @ 8e12 ppp. 16us spacing. Stable: 132Xe

(HRS): #658 used Ucx - Ta for Na and Tl isctopes Setup at 50kV in bunching and transmission mode. VITO taking 26Na in bunching mode. IDS taking
182, 184, 186Tl in transmission mode. Lasers in narrowband for Tl run. Ends 1400 Saturday.
RFQ in bunching and transmission mode.

Protons: NORMGPS until Monday morning. NORMHRS + 1-2 pulses STAGISO to GPS until Saturday afternoon. Thereafter more STAGISO pulses can
be allocated to GPS

Possibility of collecting non-medical isotopes: would have greatly helped for 53Mn

Operations responsible: Miguel (169616) until 23rd October. Emanuele (167813) afterwards.

For more details about visits: https://espace.cern.ch/isolde-visits-info/Lists/Calendar/calendar.aspx

NOTE: MEDICIS has not yet really been running in “MEDICIS mode”....direct irradiation
through targets until the wider units for MEDICIS become available



Researchers night 2018: official opening of the
esplanade.

ISOLDE participation highly regarded. Perhaps new
ideas next year...

Nuit des chercheurs :
la rancon du succes

Vendredi 28 Septembre de 17 h 3 23 h, fe CERN ouvrait ses portes
et proposatt des ani jons exceptionneties.

Toun éaxi bondé. b particules o exint pas seusles en collion.  Anna de Manincor b paisainicr d'an komg sitrage sur e CERN,  Une ssyriade d mnimations éakent proposées.




EP technicians

Antonio Goncalves and Francois Garnier: supported by the collaboration.

Available for jobs for users to assist experiment: especially mechanical work.

Work carried out for MIRACLS, IDS, HIE-ISOLDE, VITO, biophysics and others.




Initial feedback from new learning “hub” (safety training for most users)

]

{ [
\\I\@ Learning Hub MY LEARNING CATALOGUES MY NOTIFICATIONS MANAGER REPORTS

e and efficient nproeramming

RIS Transition between old and new system: several weeks when it was
difficult to clarify training situation: validity of some courses.

CAIALOGIBA® pifficulty with registration for new courses: new users can’t do it in
Top > Safety > Basic mar adva nce.

catalogue content  External trainer still causes issues: transport cancellations; 4 weeks
Results 1-3 of 3 n0t|ce...

Title
emerzeney fvacation — Backup for hands-on training still not well implemented (me)
Radiation Protection - Awe

Safety at CERN . . . .
Changes implemented without discussion.

Results 1-3 of 3

Dosemeter database recently causing issues.

e—

I COUrSes...
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Characterization of the shape-staggering effect in

mercury nuclei

B.A.Marsh®™, T.Day dacre'®, S, Sels®%, Y, T

dat B Andel®! x 67
, B. % A.N.A (
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N.A.Althubiti?, D. Atanasov?, A.E.Barzakh®, J. Billowes?, K.Blaum?, T.E.Cocolios??, J.G.Cubiss ¢,
J.Dobaczewski¢, G.J.Farooq-Smith?*, D.V.Fedorov®®, V.N.Fedosseev®', K. T.Flanagan?, L.P.Gaffney ©3%,
L.Ghys®, M.Huyse?, S.Kreim?, D.Lunney", K.M.Lynch', V.Manea®, Y.M: Pal la®, P.L.Molkanov®,
T.Otsuka®*'231, A, Pastore®, M.Rosenbusch®*, R.E.Rossel', S.Rothe'? L.Schweikhard™, M.D. Seli s,
P.Spagnoletti®®, C.Van Beveren®, P.Van Duppen?, M. Veinhard', E. Verstraelen®, A. Welker', K. Wendt",
F.Wienholtz', R.N.Wolf?, A.Zadvornaya® and K. Zuber'®

In rare cases, the removal of a single proton (Z) or neutron
(N) from an atomic nucleus leads to a dramatic shape change.

the minimum-energy configuration of the nucleus to deformation.
Consequently, lhe gmund states of most isotopes in the nuclear

of the nuclear that drive The mer-
cury isotopes (Z=80) are a striking example'’: their close
neighbours, the lead isotopes (Z=82), are spherical and
lhldlly shrink with decreasing N. The even-mass (A=N +Z)

ercury isotopes follow this trend. The odd-mass mercury

Ilmol ""‘"H', however, uhlbk noticeably larger charge
radii. D

chart are pherical. Most ly they are prolate (rugby-
ball) shaped, although different shapes, corresponding to alterna-
tive nucleon configurations, can coexist within the same nucleus™.
It remains a challenge to pin down the full picture of the underlying
microscopic origin of this phenomenon.

Optical spectroscopy is able to measure subtle shifts in the
energy of the atomic electron levels, arising from changes in the

fici and the
of modelling such heavy nuclides, the microscopic origin of
this unique shape staggering has remained unclear. Here, by

applying mass
etry and nuclear spectroscopy as far as "’Hg, we Mrlninc

charge distribution of the nucleus’. Along the isotopic chain of a
given elem:nl this effect is known as the isotope shift. From this,
the change in mean-square charge radius, 8(r°), can be extracted in
a nuclear-model-independent way. Similarly, the hyperfine splitting
of the electronic levels gives direct access to the nuclear properties:
spm (1), magnetic dipole () and electric quadrupole (Q) moments.

"Hg as the shape: endpoint. By

i measurements with Monh Carlo shell modll
uluMlont. we conclude that thls phemmenon resum !rom
the in between

are therefore a sensitive and direct probe of the
vxlencc particle configuration and changes in nuclear size or defor-
mation as a result of the addition or removal, and consequential

driving a quantum phase tnnsmon, for which we chtlfy the
participating orbitals. Although shape staggering in the mer-
cury isotopes is a unique and localized feature in the nuclear
chart, it nicely illustrates the concurrence of single-particle
and collective degrees of freedom at play in atomic nuclei.
Atomic nuclei, comprising protons and neutrons, exhibit a rich
array of quantum phenomena. These complex many-body systems
obey the Pauli exclusion principle which dictates a nucleonic shell-
like structure, akin to Bohr's model of electrons in an atom. In the
vicinity of closed shells, at the magic numbers of Z, N=8, 20, 28,
50, 82 and N=126, the nuclear wavefunction is dominated by the
last few particles (or holes) and excitations thereof. In contrast to
this single-particle nature, collecuve behavmur appears away from
the closed shells, as increased drive

of nucleons.

The radioactive isotopes in the lead region have been the sub-
ject of a variety of optical spectroscopy studies for several decades.
An intensified interest in this region was sparked by the study of
the mercury isotopic chain, in which a sudden and unprecedented
increase in charge radius was observed for "“Hg, **Hg and "'Hg
(refs ). For the heavier mercury isotopes the changes in charge
radii mirror those of lead': steadily shrinking with decreasing N.
Thls semh\al discovery of shape staggering be:ween odd and even

ient mercury lleled elsewhere in the
nudelr chlrl and was. k:y to utnbhshmg the idea of shape coexis-
tence at low excitation energy" . A plethora of studies on the excited
states of these nuclei”” provided a further substantial insight into

shap l ing the laser sp Py smdmo{
However, to acquirea full
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The "C(a, y)"D reaction plays a central role in astrophysics, but its cross section at energies relevant

for lications is only poorly

by laboratory data. The reduced a width, y,,, of

the bound 1~ level in '%0 is particularly important to determine the cross section. The magnitude of y;, is
determined via sub-Coulomb a-transfer reactions or the f-delayed a decay of "N, but the latter approach is
presently hampered by the lack of sufficiently precise data on the f-decay branching ratios. Here we report
improved branching ratios for the bound 1- level [b;; = (5.02 % 0.10) x 1072] and for f-delayed a
emission (B, = (1.59 £ 0.06) x 10-%]. Our value for by, is 3% larger than previously held, leading to a

substantial increase in z,,. Our revised value for 7y, i

in good agreement with the value obtained in

a-transfer studies and the weighted average of the two gives a robust and precise determination of yy;,

which provides
relevant to hydrostatic He burning.

DOL: 10.1103/PhysRevLett.121.142701

In the hot and dense interior of stars, helium is burned
into carbon and oxygen by means of the triple-a reaction
and the '*C(a, y) reaction. The rates of the two reactions

Published by the American Physical Society under the terms of
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the author(s) and the published article’s title, journal citation,
and DOI.

nificantly improved constraints on the '*C(a.7) cross section in the energy range

regulate the relative pmduclmn of carbon and oxygen—a
quantity of p in ics affecting
everything fmm grain formation in stellar wmds to the late
evolution of massive stars and the composition of type-la
i itors [1]. At the
mu: of hydrostatic He burning, the triple-a reaction is
dominated by a single, narrow resonance—the so-called
Hoyle resonance—and hence it has been possible to
constrain the reaction rate through measurements of the
properties of the Hoyle resonance. In contrast, the °C(a. 7)
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