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Adopted L evels, Gammas

Q(87)=1.181x10* 4; S(n)=4.18<10° 3; S(p)=2.609<10* 21; Q(a)=—1.746<10* 14  2017Wal0

Theoretical analysis:

See discussion on N-N interactions and pairifig@s in (997P0142000De24 2002Gr14 2007Ma53 2008Hal7 2012Ha21
20121d04 2012Yu04 2013Sh172016Lal7 2017Me03.

See discussion on the nuclear radius®g in (1971St401992La13 1993P0111996Sh131996Su242001G024 2002Mel2
2004Ya05 2008Ca292009Ch45 2009Pa462010Cal152011AI11, 2011F018 2016F024.

Other general shell-model, potential-model and clustedeh analyses of ground-state energies, excited statgiesemoments,
deformation lengths, etc. can be found 1964In03 1971Fil1 1987BI18 1993Pal141995H013 1996Gr21 1996Kal4 1996Rel9
1997Ba54 1997H004 1998Sh161999Ha61 1999Sh162001Ka66 2002Ka73 2003Sa502003Su092003Th06 2004Th11
2005Ga312005Ka54 2006K002 2006Le33 2006Sa292006Ta28 2009Pu012010C0052011C018 2013Lu02 2014Eb02
2014Jal142014R022 2014Sa132015Ka02 2015Sh2]L

2010Ya03 The authors utilized 48C+n+n 3-body model to analyze levels that could participate &lC(n;)18C reaction
under the condisions of a core-collapse supernovae, wi€rés suggested as a semi-waiting point fgprocess nucleosynthesis.

See additional references in the text.
2011Ba01 The authors analyze the probability for population'8€ states in3-delayed proton emission events frdfC where

the halo neutron is converted to a proton and then emitted.

Other Experimental Work:

2017He04 E(18C)=425 MeV/nucleon, Pb target, Coulomb dissociatioris to 17C*(0,0.22,0.33 MeV).

1995Ba28 E(18C)~86.2 MeV/nucleon, Be target, FWHM(C parallel momentum digty=110 MeV/c 12, o-1,=34.8 mb21. See
also19970r03

2000Sa47 E(18C)=47 MeV/nucleon, carbon target, FWHIC parallel momentum diggh,=126 MeVjc 5, o-1n=115 mb18. The
authors suggestr30*.

20010203 E(*8C)=955 MeV/nucleon, carbon targetrineractio=1104 mb15, analyzed relation of-; to effective matter radius:

ersz2.82 fm 4,
See also results oifC fragment momentum distributions from the breakup of heaprojectiles in 20110207 2012Ko38

2015Mo17.

18¢C Levels

Cross Reference (XREF) Flags

A 1H(19C,180y) E 988(4808.,180) I 4808.(180,18C)
B 986(18(:,18(:/7) F 180(7r_,7'r+) J 232Th(180,18(:)
c  %Be®™N<8Cy) G C(3%s,Xy) K 232Th(®Nel8C)
D °Be®®Ar,8C) H 1®Bpndecay L  U(pl8C),(nl8C)
E(IeveI)Jr J T12 XREF Comments
0.0 o 92 ms2 ABCDEFGHIJKL  9%B3~=100; %8 n=31.515 (1995ReZ}
T=3
Tyy2: from 1995Sc03 Others: 66 ms-25-15 (1988Mu0§, 78 ms+20-15
(1989Lel18, 95 ms10 (1991Pr03, 92 ms 5 R008ReZZ see alsdl991Re02
2005ReZZ. See als®012Ch48
15888 2+ 155 ps25 ABC FG I T=3
Tyy2: from 2012V005 Others: 13.1 p81 (20090n03.
251510 (2%) <3.2 ps ABC G T=3
Tyy2: from 2012Vo05
397220 (2,3 AB G T=3

T From analysis ofy-rays in 008St18 2009K002 2012Vo05.
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1§C12-2 TUNL Nuclear Data Evaluation 1§C12-2

Adopted L evels, Gammas (continued)

y(*0)
Ei(level) J Eﬂ Iy Ef J  Mult Comments
1588 z 15888 100 000 E2 B(E2)=0.000364+15-14(stat) +40-47(syst).
2515 (2) 9277 8612 1588 2
251530 1412 0.0 O
3972 (2,3y 238417 100 1588 2

* From analysis ofy-rays in £008St18 2009K002 2012Vo05.

Adopted L evels, Gammas

Level Scheme

Intensities: % photon branching from each level
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http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008St18,B
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http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Vo05,B

15012-3 TUNL Nuclear Data Evaluation 168012'3

IH(°C,8Cy)  2009K 002

The authors produced a ¥()=81 MeV/nucleon beam by fragmentirfidNe ions at the RIKEKXRIPS facility. The beam impinged
on a 120 mgen? liquid hydrogen target an the CRYPTA (cryogenic prgtortarget system. The trajectory of the incident beam
on target was measured, and the outgoing particles were ntameanalyzed using a large acceptance magnetic speceothat
selected!®C particles following one-neutron removal. In additione #8 Nal crystal DALly-ray array surrounded the hydrogen
target and measuregdrays in coincidence with th&#C fragments. Threg-ray transitions were observed in coincidence wWfg
particles in the focal plane; the deduced level scheme isnstabd based on known levels.

In the analysis, transverse momentum distribution$2af reaction products were generated for coincidences with eathey

transitions. The momentum distributions were then evatliatia CDCC analysis, to obtalnvalues of the removed neutrons from
19C

18C Levels
E(level)  FT 1
0 o* 0

1600 > 2
2500 0,2y 0,2
4000 23 2

T From shell model expectations.

¥ Orbital angular momentum of removed neutron.

y(*¥c)

E, Ei(level) J Et X

94020 2500  (0,2f 1600 2
160020 1600 2 00
237020 4000 (23] 1600 2



http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ko02,B
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IH(SC,18Cy)  2009K 002

Level Scheme
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1§C12-5 TUNL Nuclear Data Evaluation 168012'5

9Be(18C,18C’y)  20080n02,20090Nn02

Produced EC)=79 MeV/nucleon beam using thBe(?Ne,X) at the RIP&RIKEN facility. Event-by-event particle identification
of the secondary beam was obtainedA#y-time-of-flight between two 1 mm thick plastic scintillasp and the trajectory onto the
9Be target was tracked using two parallel plate avalanchateos: The lifetime of first 2 state was measured using the recoil
shadow methody rays were detected using an array of 130 Nal(Tl) detectofter Ahe target, the residual nuclides were detected
using a plastic scintillator hodoscope.

See detailed theoretical discussion on the E2 transitiom fihe first excited state, which is anomolously hindered1897Ka25

2004La24 2004Sa582004Su232005Ka03 2005Sa632008Um02 2008Zh16 2009Sul72009UmO05 2009Yu07 2011Yall
2012Yu07 2013F011 2013Ka33 2014Ma97 2016Pr0).

18C Levels

E(level) Ty Comments
0 o*
158510 (2") 13.1ps31 Ty,2: from (20080n02 20090n032, recoil-shadow method. The statistical uncertainty 6f @ and
systematic uncertainty of 4.4 ps in mean lifetime were combiin quadrature.

250414 A g.s. transition is shown in the leyghnsition diagram 020090n02but is absent ir20080n02
The measured spectrum does not show strong support forraémisition.
4000?32 E(level): probably taken fror2008St18
()

Ei(level) J E, Iy Ef It Mult. Comments

1585 () 158510 100 0O E2 B(E2)(W.u.x1.54

2504 919 1585 (@
40007 2415 1585 (2 Shown in20080n02 but not in20090n02 The measured spectrum may

show weak support for this transition.

9Be(18C,18C’'y)  20080n02,20090n02

Level Scheme

Intensities: Relative photon branching from each level
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15012-6 TUNL Nuclear Data Evaluation 168012'6

9Be(19N,18Cy)  2012Vo05

The authors measured the lifetime of the first two excitetestaf8C.

Neutron rich!8C ions were produced at the NSCL in a multistep process, firftagmenting a 120 MeXiucleonZNe beam in a
1763 mgcn? °Be target to produce Ap/p=0.7% momentum analyzed 72 Mg\icleon®N beam. The!®N beam then impinged
on a 196 mgen? 9Be target wheré®C ions were produced in ground and excited states via 14priatockout reactions.
Transitions from therc]:ZI2 states are observed with a relative production ratio of 4edpectively.

The lifetimes were determined using the recoil distancehotk(see for exampl2008De30. A 2.01 gcn? 181Ta degrader foil
was placed downstream of the 196 fany? “Be reaction foil;y-rays emitted befoyafter the degrader foil experiencefférent
Doppler shifts and the state lifetime can be deduced fronratie (v/c;=0.3565 and fc;~0.2920). Reactions in the Ta degrader foil
introduce a systematic error.

Finally, discussion indicates strong evidence that theugion of three-body forces is needed to describe the lamglgxcited-state
properties of this A18 system.

18C Levels
E(level) F Ty2 Comments
0 o*
158519 2 15.5 ps25 The mean lifetimer=22.4 ps9(stat) +33-22(syst) is deduced corresponding tg;E15.5 ps6(stat)

+23-15(syst).
251722 (2*) <3.2ps The mean lifetime<4.6 ps is deduced corresponding t9,k3.2 ps.

y(%0)
Ei(level) T E, Iy Et J Mult Comments
1585 z 158519 0 0+ E2 B(E2)=0.000364+15-14(stat) +40-47(syst).
2517 () 93211 8612 1585 2
251730 1412 0 0"



http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Vo05,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008De30,B
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9Be(19N,18Cy)  2012V005

Level Scheme

Intensities: % photon branching from each level

"
/\'\l é’o
&
(29 v & 2517 <3.2ps
&
&
2+ ~ 1585 15.5ps25
ot 0
18
6C12




1§C12-8 TUNL Nuclear Data Evaluation 168012'8

9Be(“0Ar,18C)  20000201,2012K w02

20000201 Production yields for fragmentation of 1 GgwMcleonCAr projectiles on a berylium target were measured. Cross
sections of roughly 3.3410°6 b were deduced.

2012Kw02 Production yields for fragmentation of 120 Mg\icleon“CAr projectiles on berylium, nickel and tantalum targets ever
measured. The cross section of roughiy12~3 mb was deduced fotBe.

18C Levels

E(level)
0



http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Oz01,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Kw02,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Oz01,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Kw02,B

1§C12-9 TUNL Nuclear Data Evaluation 168012'9

9Be(*8Ca,18C)  1981St23

1981St23 Production yields for fragmentation of 213 GeMcleon*®Ca projectiles on a berylium target were measured at the
Bevalac using a Omagnetic spectrometer. The neutron-rich fragments wearested on a stack of Lexan plastic track detectors;
analysis of the tracks provided the range, charge and magieftection of the produced isotopes. A charge resolutiod.? was
obtained along with a mass resolution of approximately2 u.

The analysis showed clear indications18€, 19C, 29C. Ambiguous results oA'C are found. This work is credited with the
discover of2°C and2’F. For18C, the cross section of roughly 1 was deduced.

18¢C Levels

E(level)
0



http://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981St23,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981St23,B

1§C12-10 TUNL Nuclear Data Evaluation 1f?C12'1O

180(r~,x")  1978Se07,1984Gi10

1978Se07 The mass ofC was measured using the (x*) double-charge-exchange reaction. A beam of 164 MeV negaibns
from the LAMPF EPICS facility impinged on a refrigerated @ §cn? 94.8%180 enriched ice target. The outgoing particles
were momentum analyzed using a triple-quadrupole-dodiplele magnetic spectrometer that was calibrated using the
12C(r~ 7*)12Be reaction. The value ©-25.69 MeV 15 is deduced for the reaction. The present valueAl(180)=-782.8156
keV 7, which is consistent with the 1974 value, gives=24.91 MeV 15.

1984Gi10 In a follow-up measurement t978Se07at LAMPF, the systematics dfO(r~,x*)18Cy s. and 18O (r* ,n ) 8Ney s.
reactions are compared using a refrigerated 0/894% 180 enriched ice target. In this case evidence was observeal $tate

at E=1.55 MeV.
See also discussion 980Ge09

18C Levels
E(level) Comments
0 AM=24.91 MeV15is deduced.
1.55¢10°

10


http://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Se07,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Gi10,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Se07,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Gi10,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Se07,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ge09,B

1§C12-11 TUNL Nuclear Data Evaluation 1§C12'11

C(36SXy)  2008St18,2004St10

2004St1(2004ST2R008ST18 Two-step fragmentation reaction. The authors popul&fedusing a cocktail beam of neutron-rich
nuclides E°Ne, 26Ne, 2/Na, 28Na, 2°Mg, and3°Mg] that were produced by fragmenting an initial 77.5 Medtleon3S beam at
the GANIL/SISSI beamline. The cocktail beam was selected using thgectrometer and focused on a carbon target that was
coupled to a plastic scintillator.

Ey, vy, y(fragment) coincidences were measured using 74,Ridtectors that surrounded the target withahd the SPEG
spectrometer. Thé8C were identified using time-of-flight, energy loss and fepiaine position information. The-ray transitions
are observed. Results are compared with shell-model eions for analysis ofdvalues.

All data are from2008St18

18C Levels

E(level) J Comments

0 (0
158510 2t J: from systematics of e-e nuclei and shell-model predistion
250414
400032

y(*¥c)
E, ly Ei(level) J Et X%
91910 338 2504 1585 2

158510 1005 1585 2 0 0
241530 409 4000 1585 2

C(fsXy)  2008St18,2004St10

Legend

Level Scheme Iy < 20l

Intensities: Relative — 1y <10%xIy
> |y > 10%xiax
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http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008St18,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004St10,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004St10,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004ST29,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008ST18,B
http://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008St18,B

1§C12-12 TUNL Nuclear Data Evaluation 1f?C12'12

9B g ndecay  1998Y006,2003Y002

Parent:1%B: E=0; J'=(3/27); T1/2=2.92 ms13; Q(8 n)=2.57%10* 43, %8 n decay-72 8

19B-Ty,,: from 2003Y002

198.Q(8n): from 2012Wa38

1998Y008 A beam of19B was produced by fragmentation of a 95 MaMcleon?®Ar beam on a'81Ta target.1°B was selected
using the RIKEN Projectile-fragment Separator (RIPS) aad vmplanted into a 12 mm thick plastic scintillator stoppere
B-decays were observed during the 100 ms be#hperiod. The active stopper detecigdays and a neutron detector array,
consisting of 14 liquid scintillation counters coveringoab 80% of 4 detected delayed neutrons. Thaency of the neutron
array was 30% by comparison of a measuremeri-délayed neutrons 0B, which has a known delayed neutron emission
probability of 100%.

A preliminary value of >=3.3 ms2 was dedcued from the least-squares fits to the data, gatl2B% 32 was determined from
the ratio of the number of detected neutrons to thag-cdys. R, is more than 100% which implies the existence of significant
multineutron emissions in the decay, reflecting its largev@lue (26.5 MeV) compared with the multineutron separatioargies
of daughter nucleu$®C (S;,=160 keV, Sp=4.4 MeV,.....).

2003Yo02 The authors reevaluated the preliminary valugs @nd R, reported in1998Yo06 The new experiment was performed
using RIPS at RIKEN Accelerator Research Facility as was9®8Yo06 A beam of1®B was produced by the
projectile-fragmentation reaction of a 95 MeMO9Ar beam on a 670 mign? "aTa target. The values of{p and R, were
determined by fitting a set of decay curves altogether to venpmssible complication and inconsistency. The method afimum
likelihood was applied for deducingsb and R,. The neutron detectionfiéciencies were treated carefully, the total detection
efficiencies of direct and scattered neutrons are 313580d 4.7%+2-6, respectively. The new values of/3J=2.92 ms13,

P1n=71.8%+83-91and R,=16.0%+56-48 were determined with a better precisiors,Bvas not determined because of the limited

statistics. In the text it is unclear if thE998Y006"preliminary” data are included in thR003Yo02analysis; we assume that it is
and use th003Yo02result to avoid possible data correlations.
1999Re16 A low statistics determination of {,=4.5 ms15 was given.

18C Levels

E(evel) J7T Tyt
0.0 (0") 92 ms2

* From Adopted dataset fdfC in ENSDF database.

Delayed NeutronsfC)

E(8C) I(n) Comments

0.0 71.883 In=71.8+83-91
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1§C12-13 TUNL Nuclear Data Evaluation 1f?C12'13

48Ca(180,18C)  1982Fi10

1982Fi10 The mass and excitation spectrum’8€ were determined using tH€Ca@®0,18C) reaction. A beam of 112 Me¥O
ions, from the Australian National University pelletrorcaterator, impinged on a 97% enriched A8@m? “8Ca target. Thé8C
reaction products were detectedda50° using an Enge split-pole spectrometer. Peaks corresppndistates int8C and*®Ti are
observed and discussed. The Q-valu21434 keV30) was deduced, which correspondsAti=24923 keV30.

1982Na04 An earlier rapid communication was published that regbde a mass measurement carried out at Orsay. A 100 MeV
180 beam impinged on a 1.3 prmy? 48C target and the reaction products were momentum analyzed asmagnetic
spectrometeri8Cqy s and“8Ti*(984 keV) were observed. The Q-value€1.33 MeV 30 was measured, which yieldsM=24.82
MeV 30 and is consistent with prior results.

18¢C Levels

E(level) Comments

0 AM=24923 keV30 is deduced irl982Fi10
162020 E(level): from1982Fil0
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1§C12-14 TUNL Nuclear Data Evaluation 1E?C12_14

232Th(180,18C)  1969Ar13

1969Ar13 The discovery of8C is credited tal1969Ar13 who analyzed the transfer reaction products resulting fE{180)=122
MeV bombardment of a 5 nigm? metalic232Th foil at Dubna. The reaction products were momentum aealym a magnetic
spectrometer and then focused onB&-E Si detector telescope, which provided particle ideratfon.

18C Levels

E(level)
0
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1§C12-15 TUNL Nuclear Data Evaluation 1E?C12_15

232Th(22Ne18C)  1977Ar06

1977Ar08 The transfer reaction products resulting fronf48e)=172 MeV bombardment of a 2.5 uy? metalic232Th foil were
measured at Dubna. The reaction products were momenturyzadah a magnetic spectrometer positioned@-st2° and 40 and
then focused on AE-E Si detector telescope, which provided particle idexgtfon.

18C Levels

E(level)
0
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1§C12-16 TUNL Nuclear Data Evaluation 1f?C12'16

U(p,X8C),(n,18C)  1970Bu22

1970Bu22 The particle stability of-8C was confirmed at the Bevatron 970Bu22who analyzed the spallation products emitted
in the 5.5 GeV proton bombardment of'&U target. The reaction products were detected in a set of tScties that were placed
at 9=90° with respect to the incident beam. The two detectors, whiclhigded AE and E signals were located at distances of 14.5
cm and 25.7 cm from the target. Particle identification wasnuisiguously determeined by evaluating, E and the time-of-flight

between the detectors.
1974B0o05 Similar to 1970Bu22 spallation products emitted in the 4.8 GeV proton bombaminof a"aU target were analyzed in

a survey of bound light neutron rich nuclei in the=24-22 mass region. Evidence of=A0-19 isotopes of carbon was observed. A
18C production cross section efL00 ub was measured.

1986Pi09 Spallation products from 800 MeV proton bombardment of anium target at LAMPF were detected using a series of
detectors that providedE, E and time-of-flight information. The products were amely to obtain A and Z identification, and
mass excesses were obtained for a few carbon, nitrogengoxyigrine and neon isotopeaAM=22.7 MeV 80 was obtained for

18c_
1986D008 The yields of various He, Li, Be, B, C, O and Ne isotopecluding 18¢, produced via thermal neutron induced

fission reactions oR3°U at the ILL, were determined. The fission fragments were reigaily analyzed in the Lohengrin
spectrometer and detected im\&-E telescope.

18¢C Levels

E(level)
0
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1996Su24
1997Ba54
1997Ho04
1997Ka25
19970r03

1997Po14

1998Sh16
1998Y006
1999Ha61
1999Rel6
1999Sh16
2000De24
20000z01
2000Sa47
2001Go24
2001Ka66

20010z03

2002Gri14

2002Ka73

2002Me12
2003Sa50
2003Su09
2003ThO6
2003Yo02
2004La24
2004Sa58
2004St10
2004St29
2004Su23

2004Th11
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