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Lectures at the Euroschool on Exotic Beams 2013

i http://lise.nscl.msu.edu/paper/Euroschool2013/4 Identification.pdf
August 26-31, 2013, Dubna, Russia . bab >

What do we want to know? RIB case

1. A
2. Z
3.
4, Energy (property of incoming ion in detectors)

What do we measure?

1. Bp: Magnetic (electric) rigidity
2. dE:  Energy loss in detector (material) — fast”
3. ToF: Velocity (time of flight)
4. TKE: Total kinetic energy

__ “stopped”

“Classical”

—_—



http://lise.nscl.msu.edu/paper/Euroschool2013/4_Identification.pdf
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Obtaining A, Z, ¢

Li gl MICHIGAN STATE
99 UNIVERSITY

The atomic number is determined from the combination
of energy loss (AE) and time of flights (ToF) values
according to the Bethe formula:

The fragment mass can be extracted in atomic units from
the relativistic formula:

Where TKE is calculated as a sum of the energy loss
values in each of the detectors in a multilayer telescope
stopping the products. The charge state (q) of the ion
evaluated from a relation based on the TKE, velocity and
magnetic rigidity values:

TKE, Bp

208p),

80 MeViu
(90 MeV/u)

1pnA
%

Be 47 mg/cm2
Ni 67 mg/cm2

#5120

TKE, ToF

1 5930

TKE ToF, Bp
A=
muC2 (y—1)
Bp ¢

Afg==L =

/q By my
_ _3 TKEXBy
q=333x 107k

]
PPAC
fp-X

[
i
detector

MCP
TOF start
wedge
Al 45 mg/cm2

200 pm
Sistack 200 um
dE

TKE 1 mm
TOF stop 1 mm

dp/p=5% F P
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Particle identification assignments MICHIGAN STATE

« Calibration with the primary beam (or other reference line as sources)

« Unbound nuclel in the table of nuclides

* In-flight fragment tagging with prompt gamma

« Stopped fragment tagging with isomeric gamma-rays (more common)
« A,Z -identification based on known A/g-lines (new)

« X-ray from ions passing material

 Laser induced fluorescence

* Precise Isobar selection with known masses

See for details http://lise.nscl.msu.edu/paper/Euroschool2013/4 Identification.pdf



http://lise.nscl.msu.edu/paper/Euroschool2013/4_Identification.pdf
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Stopped fragment tagging with isomeric gamma-rays Blsslu NV ERS T TY

PHYSICAL REVIEW C YVOLUME 55 NUMBER 3 MARCH 1997

Es
o -
o -5
New s isomers in 7,=1 nuclei produced in the "?Sn(63.4 MeV)+ "Ni reaction S zo l% S5
) . _ S5 -
R. Grzywacz, '* R. Anne.? G. Auger.? C. Borcea,” I. M. Corre,? T. Dorfler, A, Fomichov,” S. Grevy.® H. Grawe, ’ ‘§~‘§~
D. Guillemaud-Mueller.® M. Huyse.® 7. Janas,” H. Keller,” M. Lewitowicz.? S. Lukyanov.’? A. C. Mueller.® N. Orr.” m
A. Ostrowski.? Yu. Penionzhkevich,” A. Piechaczek,® F. Pougheon.® K. Rykaczewski. """ M.G. Saint-Laurent,
W. D. Schmidt-Ot.* O, Sorlin,® 1. Szervpo. ! O. Tarasov. ™ 1. Wauters.® 1. Zylicz
62 *
50 5
S Frac
@ * : é \\ MCP N
-g . & \ TOF start
£ 46 | L N\
= & 3 A5 erlr?:fcmZ
= A
L «#| &
= :
£ #
< 2 4
40 L . 2
) \ PPAC
- v — P -X
38 - . Ny ﬁé‘r —
s A ' - . s I R e o . . M . NN
0.5 1 1.5 2 25 3 3.5 0.5 1 1.5 2 2.5 3 35 QU £ 53 detactor /

(A-2q)/2 (A-2q)/2



Example of Stopped fragment tagging with isomeric gamma-rays 3 e el

NSCL #05120
208Pp (86 MeV/u) + Be

I 101Mo

n Run 2065-2068

1 Q

92Y 76
— 94 || ooy 206Hg Be 9 mg/cm2
— 3t i 1034 No wedge
- w4 Zof Hg Brho=3.1Tm
— 99Mo 1068
| 9y
448

— 770

ERERRRRY S L

LErrat iR

p2.01 152,01 252.01 352.01 452.01 552.01 652.01 752.01 852.01 95Z.01 1052.01 1152.01

L

A

Gamma Information

v mix. |y cony. S
Mucleus|  ElevellkeV) Jrr T1i2 Ey{kev) byttt ek K

Z06HG 1063.54 14 2+ < 21 ns 1063.54 14 100 EZ
Z06HG 2102.a8 = S- 2.15 pn3 =21 1034.01 14 100 E3 A - 2Q




Energy loss

Stopped fragment tagging with isomeric gamma-rays : LISE**

124Xe (142.1 MeV/iW) + . ' _ ¢ . :
P
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http://lise.nscl.msu.edu/paper/isomers.pdf

Nuclear Instruments and Methods in
Physics Research B 266 (2008) 4657-4664

2.7. Isomers in LISE++

The fragment identification method using correlation
with ps isomer states is a powerful tool in modemn experi-
ments based on in-flight separation. An isomer database
has been implemented in LISE++ to simulate fragment
yields in coincidence with y-ray and create an isomeric y-
spectrum and identification plot in coincidence with y-rays
(see Fig. 2). The isomer database contains information (E,,
I ios T2 Eiever, Iy, M) about 2000 short-lived isomeric
states extracted from NNDC, the GANIL isomer database
[25] and other sources. Using this database the program is
able to estimate the y-rays yield: VI =TT o Ve BaaeBers
where Yy, is the rate of implanted fragments, /7, is an
isomeric transition ratio, £q is the detector efficiency, ey
is the probability to be in the p-acquisition gate defined by
T1/2. the fragment velocity, the length of flight and the v-

acquisition gate parameters (delay and width).

|somer Database

X

A Element 2 M

I Beta- decay < =
SN =
for thiz izotope

Current izomeric: I— I— Total rumber of
gamma ray 1 3

iSOMET garmma rays

Databaze Index I 50210071

Time of flight

LISE** identification plot of all nuclei produced in the reaction 124Xe + Be (left panel) and
those in coincidence with gamma-radiation (right panel)

W alue Error B
Gamma energy 71.852 0.005 (=%
Isomeric ratio 10 ap %
[level population) .
T2 1.0E-2 LT o X aut |
Level energy 328.447 I ooz (=%
Jpi 3+ ? Help
| gamma 100, I AP %
4 gamma M1+E2
. Add Record |
M ratio
Conversion Cosf, | 0.07 00021 ECL e
Data source |MMDC M
Uszer Mame IDT & || il
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A.Z -1dentification based
on A/g-lines
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A,Z -identification based on A/g-lines (Elaine’s formula)

99 UNIVERSITY

(A/qg), isotope — should be belong to A/qline as 2, 2.5 or 3
(A/q), isotope — should be the element as the first isotope dE-TOF

AA — isotope mass difference

, AA
A/1—A/p);

« For Light Z
* Non-wedge settings

* ToF-calibration should be
done to have A/q

Energy loss (MeV) /IFP_PIN/

240 |

200 |

160 |-

120 |

80 |

40 |

40Ca (140 MeV/u) + Be (300 mg/cm?); Settings on 29Ne; Config: DSDSWDDMMSMM
dp/p=0.07% ; Wedges: 0; Brho(Tm): 2.5184, 2.5184, 2.5184, 2.5184
Start: Target; Stop: FP_PIN; ACQ_start: Detector ** dE: FP_PIN - Si (504 um)

; (Aa) (A/q),
_L §
; [
3 | i g
* i %
N I dA=
A R
P g 5
ﬁ .
& - & ¢
8 0, 8 2
o o
S @ (]
¢ - % &
n - ° ® ) 5
P s I’ij =t w3 " “
= - - =
& ko - & [ -
& . - = - .
260 300 — 340 360 220 460

Time of flight (ns)



New PID capabilities and features : timing resolution

All calculations were done for
 A1900 separator

« No wedge

* E(1st fragment)=120 MeV/u
11 _slits=+1mm

StDev (Z)

Under current conditions,
the identification above
Calcium is possible

0.

L

1stisotope => Afg=2 line
dA shift =+5

10

15

20

25

Li gl MICHIGAN STATE
99 UNIVERSITY

ToFresoltion=0.1n=
ToFresolution=0.2 ns
ToFresoltion=0.5n=

ldentFication Threshold

30

35 40



New PID capabilities and features : extracted Z-value L | MICHIGAN STATE

All calculations were done for
 A1900 separator

« No wedge

* E(1st fragment)=120 MeV/u
11 _slits=+1mm

Pay attention:

An extracted Z value won'’t be
integer cause we are using in
calculation an integer shift
between the isotopes, but the
second experimental “A/q”
value is in reality equal to
“M,,/q" , where M, is not
integer value

-Z real

periment

Z ex

15

0.5

-0.5

99 UNIVERSITY

——AJg=2; dA_shift = +5

—— Afg=3; dA_shift=-5
—— Afg=2; dA_shift = +2

10 15 20 25 30 35 40
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PID resolution calculator Based on analysis [ = el A NSRS

of derivatives
Energy = 50.00 MeViiu o o
Flight Length = 45.000 m
1st(Z) detector material = 14 LISE for Excel
M_isotope = 119.5022 1st(Z) detector thickness = 50 mgfcm2 215406 wuwm

M_ion = 1198753
M_ionfg= 2446435

Resolution systematical Momentum Resolution

http://lise.nscl.msu.edu/excel.html

sigma (calibration) The new sheet "PID resolution calculator"
TOF = 0100 ns 0.01 % ¥-image at target = 1.0 mm . . .
Floss= 060  |% 033 % fetraqaing X-magnification @ disp.plane = 2.0 allows to estimate resolution of ion
TE-040 ¥ B e identification values as Z,9,A,A/q and
Z= 0.2 % Detector resolution = 1.0 mm . . .
Momentum [Brho) = 0.0745 | % 001 % Momentum Resolution = 0.0745 % others in the case of regular in-flight
S . Separatlon teChanue with magnetlc rlglc.“ty
TOF = 476.3847 | ns 0.111 0.023 measurement. The user should provide
Bro= 258 | o002 oo78 resolutions of timing, position, energy
El loss= 109278 |Mev 7.48 0.584 _ _ _
TKE = 599377 | Mev 2471 0.412 detectors, input ion properties (Z,9,AE),
error o) . Iength Of ﬂlght, and Opt|CaI propertles of
beta = 0.315104 0.00007 0.023 dispersive plane where Brho-
gamma = 1.053677 0.00003 0.003 contribution in error measu rements take place The P I D
velocity= 9.4461  |cmyis 0.00220 0.023 Brho Beta TKE  Elloss Zsyst Afg I _ " o
A/ q= 2486435 0.080 0075%  0.026% resolution utility calculates final ID values
. and their errors, and provide information
eworle) | -
2 (Eloss) = 50 0.40 0.020% 034%  0.20% for partial contributions of measured
q = 49.000 0.206 0.42 0.075% 0.024% 0.412% 1
A (from TKE) = 119.8753 0.438 0.42 0.050%  0.412% Cpmponents (tlme’ energy IOSS’ total
A (from [A/q]*q_integer) = 119.8753 0.095 008 kinetic energy, magnetic rigidity).
A [from [A&/g]*q_measur) = 119 8753 0.512 0.43 0.075% 0.026%  0.420%

A-2q= 21.88 0.07 0.04 0.09
A-3g=-27.12 0.11 0.02 0.11 OI"IIV 32-bits MS Office

A-22*= 2232 0.131 010 0.09



http://lise.nscl.msu.edu/excel.html
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Resolution criteria for “integer” distributions Blse|UN I vVERSITY
[ eorer )
2= S0 0.185
q= 75.000 0.269
A (from TKE) = 119.8747 0514
A (from [A/q]*q_integer) = 119.8748 0.175 )
A (from [A/q]*q_measur) = 119.8747 0464 Let's assume
A-2q = -30.13 0.174 c =0.35
A-3q = -105.13 0.361 .
A-27 = -20.08 ke for integer values A,Z,q
\ J

Two neighbor peaks with the same Amplitude (=1) and Sigma (=0.35)

If original peak area is equal to 1, then

Lo g Components Lin Components —— Left Peak

20 ——Right Peak 0.86 of (<x>=0) peak with sigma = 0.35
woa 100 —— Sigma 0.35 goes to gate [-0.5, +0.5].

0.0 0.14 are coming from neighbors

0ed
o140 040 0.76 of (<x>=0) peak with sigma = 0.35

0.20 goes to gate [-0.4, +0.4].
0.00 0.08 are coming from neighbors
001 /‘ — Right Pesk ‘ 0.5 [¥] a5 1 15 2

— Sigma 0.35
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Z vs. A-nq plots represent deduced mass values,
and allow to improve mass resolution for isotopes close to corresponding isospin
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A-n-q: mass resolution AN

NSC LR
i ) [ on AN setup |
ion resolution A- 120 Enerey - 50.00 v
=50 Flight Length = 45.000 m
q= 43 1st{Z) detector material = 14
A Z q qu qu A A A-zq A—E_Eq A—Sq M_isotope = 119.9022 1st(Z) detector thickness = 50 mgfem2 215406 um
M_ion = 119.8753
M_ionfgq = 2446435
TKE (Afg) *q
systematical
i (calibration)
100 50 50 2.00 0.00159 0415 0427  0.079 0.236 I e
Eloss = 0.60 % 0.33 % fetracppling ¥-magnification @ disp.plane= 20
TKE= 0.40 % 0.10 % X¥-dispersion = 30.0 mm/%
120 50 49 245  1.95E-03  0.493 0.512 0.122 <20.1 0.159 1= 02 % Detector resolution=10  mm
Momentum (Brho) = 0.0745 % 0.01 % Momentum Resolution = 0.0745 %
136 50 a5 3.02 2.40E-03 0.565 0.581 0.206 0.107 error(o] %
TOF = 476.3847 |ns 0,111 0.023
Brho= 25238 ™m 0.002 0.075
El loss= 109278 |MeV 7.48 0.684
. TKE = 589377 |Me=V 2471 0.412
 LISE PID resolution calculator ——
error o} %
beta = 0.315104 . .
- 208Pp experiment preparation analysis (discussed here later) o 1057 w0 contuionin e
velocity= 8.4461  |cm/ns 0.00220 0.023 Brho Beta TKE  El loss Zsyst Afg Z
. . . Afq= 2448435 0.00195 0.080 0.075% 0.026%
* A-ng analysis in work of H.Suzuki et al., PRC96, 034604 (2017) -
IIEIIBS}= 50 0.198 0.40 0.020% 0.34% 0.20%
q= 49.000 0.206 0.42 0.075% 0.024% 0.412%
The use of A — 2Q allows significantly better resolution than A from /a0, sooepen) - 1158753 oot oo oosex s
A due to the nature of its error propagation. The error of Alfom [A/aramessun - R 8IS b o B o
A —20Q is given by Eq. ez o e on o

%]

Ax\2 2 \*[Au0

A — -
e =4 2 ) ") (a0

PHYSICAL REVIEW C 96, 034604 (2017)
Here. Ay _20.A 4. and Ay represent the errors of A — 20,
A.and A/ Q,respectively. It is found from the equation that the

Discovery of new isotopes ***Mo and %***Ru and a determination of the particle instability of '**Sb

COHtl‘ibUtiOI’l from AA iS Canceled iI'l the ViCiﬂity 0-[—‘ A/Q — 2 H. Suzuki.!*" T. Kubo.! N. Fukuda.! N. Inabe.! D. Kameda,! H. Takeda.! K. Yoshida,! K. Kusaka,' Y. Yarmgisawa.l
. M. Ohtake,! H. Sato,! Y. Shimizu,! H. Baba.! M. Kurokawa.! K. Tanaka,! O. B. Tarasov,? D. Bazin,2 D. J. Morris.sey.2
so that the resolution of A — 20 can be almost as good as B. M. Sherrill 2 K. Ieki.? D. Murai.® N. Twasa.* A. Chiba.* Y. Ohkoda.* E. Ideguchi.? S| Go.5 R. Yokoyama.’ T. Fujii*

D. Nishimura.® H. Nishibata,” S. Momota.® M. Lewitowicz.® G. DeFrance.” I. Celikovic.” and K. Steiger!”

that of A/ Q. (Such a cancellation also happens in the case of
using A — 3Q for the regionof A/Q = 3.)



A-25 q: “improving “Z-separation”
The best representation for Z-separation,
and the best mass resolution for ions around A/g=2.5

Z:Am250Q

60

50 =3

48.313
RMSx  3.5317
RMSy 5835

i Pl a1, Integralg 719e+05
-10 -5 0 5 10 15

OT private communications from Eur. Phys. J. A (2018) 54: 66

OlegTarasov@MSU 12/16/2020
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2. "Stopped” beam
experiments
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Physics Leders B 332 (1994) 20-24 PHYSICAL REVIEW C VOLUME 55, NUMBER 3 MARCH 1097

Identification of the doubly-magic nucleus '®Sn in the reaction *'2Sn +"Ni at 63 MeV/nucleon

M. Lewitowicz?, R. Anne?, G. Auger?, D. Bazin?, C. Borcea ?, V. Borrel ¢, J.M. Corre?,
T. Dérfler?, A. Fomichov®, R. Grzywacz®, D. Guillemaud-Mueller®, R. Hue®, M. Huyse®, - -
Z. Janas™' H. Keller", S. Lukyanov®, A.C. Mueller®, Yu. Penionzhkevich®, M. Pfiitzner, Alpha

F. Pougheon ®, K. Rykaczewski f, M.G. Saint-Laurent?, K. Schmidt®, W.D. Schmidt-Ott4, &0

a
e

O. Sorlin®, J. Szerypo®!, O. Tarasov ®, J. Wauters, J. Zylicz

New s isomers in T,=1 nuclei produced in the 1?Sn(634 MeV)+ "Ni reaction

;-'wa.q::z,l’2 R Anne.’ G. Aug&er__2 C. Borcea,” T. M. Corre.? T. Dérfler.* A Fomichov.® S. G*re‘-'y__‘S H. Grawe,’
maud-Mueller.® M. Huyse.® Z. Tanas.| H. Keller,” M. Lewitowicz.> S. Lukyanov, 32 A C. Mueller,® N. Or.?
)strowski, 2 Yu. Penionzhkevich.® A. Piechaczek ® F. P011ghe0n.,5 K. Rykaczewsk, L10 M.G. Saint-Laurent. 2

W. D. Schmidt-Ott.* O. Sorlin,® I. Szerypo.! O. Tarasov.>? I. Wauters.® I. Zylicz!

Z ' o ]
5 R PIRT Ni target—> 3 3= SISSI
4 F1a | 52 |
" . S tescopes
-* 40 ri
46 1 3 e g . "
. a 50 i g : q
n & S
» ) - ’ 2 B > )|
» - * 100 ' % '
: 85 : Sn experiment A g | % .*‘O Py
- T i * : #r’\, -
w 18888 - - Length 118 m 2 ?. Y & = =
, & ¥ = « Timing: Si- RF £ 46| ' . Q S
‘e EE e « Si-telescope (4 detectors) g » i \J ©
IR p ¥
EEERE LR E + No wedge o 4l oSBL) -
BEEEE SN « Ni-target £ | e
6. »« v ® & @ & = - ) g ) . . o ' 3 &<
Te2ets et »  Stripping foil against light-Z background & ., | . O @
. . " Y v
: .‘!3‘;::’5 . v «  Small momentum acceptance (0.29%) = : _ X :
TR L) . <+ '
ol P S « Large angular acceptance v
SR 40 |- v
fim oz ow = ldentification plots of fully “ . . : 3
161 »+ 2 = % . stripped fragments in the somers” experiment ' ‘ : ey
*re) % . . reaction ag | «.
T gisg(ﬁfx:\c/éﬁmn o « Momentum acceptance (1%) 5 ‘ ‘
TR A'ZQ « MCP at Disperse FP for T and Bp 056 1 15 2 25 3 35

(A-2q)/2
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238U experiments #5048 (A1900) & #9063 (S2-vault) g v iviesity

PHYSICAL REVIEW C 79, 064318 (2009)

New neutron-rich microsecond isomers observed among fission products of >**U at 80 MeV/nucleon

C. M. Folden IIL"-" A. S. Nettleton,'” A. M. Amthor,"~* T. N. Ginter,! M. Hausmann,' T. Kubo,?
W. Loveland,* S. L. Manikonda,” D. J. Morrissey,"® T. Nakao,* M. Portillo,! B. M. Sherrill,'?
G. A. Souliotis,® B. F. Strong,® H. Takeda,” and O. B. Tarasov'?

23817 4 Be
Fission of an 81-MeV/u ***U beam following abrasion by a Be target has been
studied at the NSCL [15]. Recoiling fragments were spatially separated from the 400}
primary beam and identified using the A1900 fragment separator with magnetic
rigidity varied in steps from 2.5-3.9 T m. A search for new neutron-rich nuclides was
performed and has shown evidence for production of '*Pd (see Fig. 5). It is necessary ) 300
to note. that at the same time this isotope has been also observed in RIKEN [16] and E
GSI[17]. P
j::: A 1=pg 5 Zn [sotopes i" 200+
46,367 Limit of g v = Experiment
19 56  Mnown Isotopes g" 1 . LIsk :
2 4296 < E ) L,m’__‘fﬁllrjhm 100
B ;j 8 Bo, = 38219 m
38,36 fo~ > 5 Aplp = 5%
AL “Rb 2 L & R o 80 82 M 86 0 B i e s .
PE08 -17.08 '—15.:;%_3513.05 -11.08 -9.0 Mass Number 100 200 300 400
e . _ ToF (arb.units)
FIGURE 5. Pa:fha.l 1dentification plot [15] shomng FIGURE 6. Comparison [15] of the qbsm‘ed Courtesy by J.Pereira
measured atomic number Z wvs. the calculation vyield of Zn isotopes produced by n-flight
fmﬁm A-3Z for fu]._ly stripped ions obfained fission of *U (80MeV/u) to calculations by the FIG. 1: (Color online) Particle-identification (PID) spec-
during a search for new isotopes. LISE™ program [18]. trum with the nuclei transmitted into the experimental
area (TS_SDE-II, TT_SEGE._. ?g_EEGE._ SE_EQ_-"LE, 8-1_90813_. S?_QSBI'._
a0 —a8 03— a8 97— 100 e
Good Z, short length of flight (moderate A) e b, o) (See text for details)




Li ¢ MICHIGAN STATE

Experiment #5120 : 2°Pb @ A1900 O e | R T

AIP Conference Proceedings Volume 1224, ISBN: 978-0-7354-0768-8

Preprint MSUCL1409, NSCL/MSU 2009; http://groups.nscl.msu.edu/nscl_library/nscl_preprint/MSUCL 1409.pdf
12_SCIl damage

NS@ll FRIE
NSCL research discussion
http://lise.nscl.msu.edu/paper/208pb/2009 208Pb RD.pdf

+ |2-Sci X-position problem during the experiment @ 12_en

» No Kapton in I1 (no reference lines, difficult analysis : set of

rezeun 1004 charge states, different velocities) ® : ’i'i‘ E
v - = 12_es

12-wedge 26 mg/cm? (Sci) is too thick for heavy ions Z~70-80 ® e i e
10y « BRKROKE, 4

\ » TOF I2&FP resolution is not good enough (short path) ®
1E2

1E 2 New ORTEC SBD detectors* (D~20mm) ;
OTL PP FRAEK SERE | 1 |-Wnﬂyﬂum.u FERE. 514 2D have been substituted during TOF RF-Pin - unstable ® =
the experiment for « ltis possible to work at dp/p =0.5% with Nl-target (67mg/cm? ) N SR | o
PIN diodes 500 um (soxsomm)! between beam charge states © [95] TRK::I12.X : 1 [-500. B0 : 20001 (A1900.12.%} |
* . though measured own resolution
shifted

run 1016

= before and after the experiment
for a-particles was about 20-22 KeV

+ No explanation. = L IPIIII'IHI , . .
Double peak structure. Emm : e 3t - o9
Position dependance. w %l m«.’&g“‘. 2

5 I sz i 1E2

Channeling? #5120
s it wedge | dE
=5 500 1000 1500 2000 2500 3000 3500
unknown 1E1

o 2w

1E2

180 ] ot

cmorrrme 1 (o MOET

(811} 000

ONR| (as00 - 1 + Similar effect has been observed

at the GANIL experiment with the U-beam
1EQ “rbo—zbu S0 abo

+ Itis necessary to test them with other beams (Kr,Xe) e i o e
02/12/09. Research Discussion o i . M

Be 9 mg/cm2
N d Bed 2
Brho=3.1Tm 0=333x10" TKE x By z N:w:i“y’:m
e Bp(}'—l) Brho=3.4Tm Q
77
i L 206TI76+
a1 stopped in the 3rd detector
A-3Q bare (full stripped) 012 Pb78+ ZDBHQTT“‘ 207TI7T7+
~ He-lke 3 -
15 — i3 ; 30 —
Q'é %8 5 —
1iEE !
it “ -
¥
-3t 28§ 33 &
38 — % : ?-
L [rreemn PR | | | |
C‘ OOd TKE o o EE & = 032739 -z6.39 24.33 -23.39 -£2.39 -21.33
1 oo k4 ; o
, Z-Q ik 5 5 AHGASH | E 135, -1 « 4001 % [23, 75 1 700] GATED u | BDES (RSSO, PIN.AMIG, ALIGO.FI. ¢}
‘ A-2Q A-2Q

R No wedge, small dp/p, RFstop With 12-Sci as wedge, short length


http://lise.nscl.msu.edu/paper/208pb/2009_208Pb_RD.pdf
http://groups.nscl.msu.edu/nscl_library/nscl_preprint/MSUCL1409.pdf
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2016: E.Kwan — spokesperson
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gl K1200
cyclotron

Detector setup
&
cyclotron g

HPGe
D

N e VI —

: ..
Wl 1 T
[} p
* D2 B
p3 M D4
Production target / i

beam

PIN
Achromatic degrader /vflf B5
A1900 fragment separator  Siits / @\?6
FP :
Timing /
start detectors
\OGJ
Transport beam line 7
D10 &
D11 "N
S800 analysis beam line v
Small Momentum acceptance

Non-cooled PIN-diodes (50x50 mm? 0.5mm)

Bp measurement is still a huge issue:
Location, detectors, charge states

09063 : Projectile fragmentation of 238U
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- 3 Courtesy by E.Kwan
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et
i G m -|'—
e e e 'S

"R
S

—20 -15
A-3Q



ks i i ) U vicHIC -
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Preliminary.
q © aliea y
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z Courtesy by E.Kwan
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Experiment #12006 :

238U @ S800

Li B MICHIGAN S

99 UNIVERSITY

M.Bowry, J.Berryman, A.Gade et al.

#e12006 -Zresol

Z resolution up to 60 can be reached

e e e WS W =
i e e oans |

8375
LA L)

¥ 9BIS
63,68 [

A 5.0

33.64

48,75
8.6

45,64 43.75

.6
B35

EC

28,64 33,75

2.6 .
-3.80 3 20 [T T U .75

MICHIGAN STA

Diamond target — T signal

No TKE for fission fragments,
Short length
dE with IC, moderate

No ¢, poor A/q

g
(7] P22 ¢ 2 1=, 40 ¢ §60] X190, 852 TEA] GATED ON 1 CRICR_ONEC {S300.700.24), M), 701} q
2375
. s s P 19 6.18 11,27 16.27 nn 26.27 3L
L N T g kg A-2q
] shcnl g sengl) B
el d WA (vl bovl 1230 DTH 3004 T 4010 0 ¢ BATL Y130 T« ANT1 280N A ¢ INTC DAATPING TA00 TN LA GRA DT 51

M_isotope = 85.91061
M_ion = 85.89086
M_ion/q = 2.385857

Resolution
sigma
{ Tor=0175 ns )

Energy = 90.00 Melu
Flight Length = 14.500 m
1st(Z) detector material = 6
1st(Z) detector thickness = 190

mg/em2 B843.320 um

Momentum Resolution

X-image at target= 1.5 mm

systematical

I 0.07 % ,

Eloss = 0.25 %
TKE=0.30 %
=

Momentum (Brho) = 0.0261 %

TOF = 117.8505 ns
Brho = 3.3365 T*m
El loss=1833.34  MeV
TKE= 7730.18  MeV

Deduced values

beta = 0.410426
gamma = 1.096619
velocity = 12.3037  cm/ns
A/ q=2.385857

PID values

Z= 36
q = 36.000
A (from TKE) = 85.8908
A (from [Afg]*q_integer) = 85.8909
A (from [A/g]*g_measur) = 85.8908
A-2q = 13.89
A-3g=-22.11
A-27 *=13.89

0.30 % (straggling) ¥-magnification @ disp.plane = 1.7
0.20 % X-dispersion = 97.0 mm/%
0.2 % Detector resolution = 0.2 mm
0.01 % Momentum Resolution = 0.0261 %
error (o) g
0.193 0.164
0.001 0.028
7.09 0.387 ;
27.87 0361 main
component
error (o) %
0.00067 0.164
0.00067 0.164 contribution in error
0.02020 0.164 Brho Beta TKE E1l loss Zsyst Afq z
0.227 0.028% 0.225%
answer
error (o) %
0.112 0.31 0.140% 0.19% 0.20%
0.213 0.59 0.028% 0.468% 0.361%
0.671 0.78 0.693% 0.361%
0.185 0.23 0.227%
0.544 0.63 0.028% 0.225% 0.592%
0.263 0.02 0.26 0.05
0.123 0.03 0.09 0.08
0.200 019 0.04

To reproduce results | used sig(ToF) = 175 ps, that according to A.S.
Is reasonable in the case of ToF configuration of e12006 experiment
due to mostly Sci-scintillator resolution.
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E12006 : Cross section and charge state distributions

Li
El se

MICHIGAN STATE
UNIVYERSITY

We knOW 7237 o Experiment ——5SUM
: i @ Yields {Amplitude)
« A/q locations —s80 —mo P
. . . . — 90 —910 i . —=F g1
Peak width is unique for all peaks —=o  —=0 | Wewere being able to deduce cross sections | _ ___
1000 —%o0 =1 | and charge state distributions
-85 1 25 1
i /i | S— 83 1 1E203
i ---881 - 501 ; T
! - S 1 N — 921 o
100 i B S 1 1 S— 94 1 A -
] 3 ! o ii'- 1.E202 .?; /
5 I. ':., P | | 1 ) oy B —— I NN I A S NP S . s
o FMT SO T TR oo |
I Ill ‘ : := III III I: 00 Ooooo o oomo oo m 1-E+m
1 L™= e onmeme 82 84 86 BB a0 52 g4 55 58
23 235 24 245 25 255 26 265 27
hd3ss
Mg i
Experiment : Z=37 Yields {Amplitude]
Z=37 o Experiment — SUM !
1401 86_0 — 80 : —+—Z-g=0
—B88 0 —83 0 1.E+04 ; ——
by —300 — o0 ! 2g=1
1201 : — %0 —%30 :
— 940 — a5 p gz B9 gp !
1001 —s6.0 -84 1 1.E+03 7’_ TR :
---851 --- 861 BE _, 38 =r) i
—--E7 1 -- 88 1 - e i
801 ---89 1 -- 90_1 4 a5~ .. 8093 :
---91 1 —-92 1 1.E+D2 1 R, S i
331 -- 94 1 g/ ey
601 4!34; 85,
SRR APt A (Y EFN U I, Fog il IR L P
. 1.E+01 o
401 ~ : h
A/q sigma ~ 0.005 o
201 |
1.E+00 |
27 234 233 244 245 254 253 284 168
W AV A AV AV A AWAV D M ... . o — M/ !
2.65 27 !

Will be finally published in 2021? ©
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» Fusion-Fission in inverse kinematics @ LISE3, GANIL R coJ BT

&l FRIB
Eur. Phys. J. A (2018) 54: 66

Fission fragment yields from heavy-ion—induced reactions

measured with a fragment separator 238 58+ 5 2 2
0.B. Tarasov'*P 0. Delaune®©, F. Farget?, D.J. Morrissey'3, A M. Amthor?, B. Bastin?, D. Bazin!, B. Blank5, 24 MeViu oty @ < w m
L. Cacéres®, A, Chhihi®, B. Ferndndez-Dominguez®, S. Grévy®, 0. Kamalou?, S.M. Lukyanov’, W. Mittigh¥, 9 3 = 9
J. Pereira!, L. Perrot®, M.-G. Saint-Laurent?, H. Savajols®, B.M. Sherrill'*®, C. Stodel®, J.C. Thomas?®, and Beam Bé :g :g;:::; o £ é g 5 FW a g ; |
A.C. Villaril® inclination b 2% @ E 5
on target b= 25 X4
1 degiees o 6 = Gallote 62 \/
. . % (XYT)  Sitelescope
« Beamwas inclined 3 deg. on target 8
¥ 1mm
imm
« ToF: Good
« TKE: Good . .
° Bp: moderate [dispersion 19 mm/%, FP-X corrections] I |
° dE : moderate [thin dE detectors, middle Z] i s ]
T T T T T T 5 i
50 |- —
10} - I ]
3 a0 - 24 % -
= - - -
o] :
E-, - h168
>_ - 145025
1L . _
- 30 [
| PR [ TN T T I TN U S N O M O

36 37 38 39 40 q 2 o 2 a 6
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198pt experiment :
fragment-separator & spectrometer

32
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&1 Working in High-Z region at intermediate energies (o 52| LR R N A
NoCLUEE! =

NSCL E15130
“Search for isotopes and isomers in the Hf region”

« Working between primary beam charge states
Pls: » Try to avoid in-flight detectors (charge state production)
*  Partha Chowdhury (UML) « No in-flight detectors in Dispersive plane (“wedge” property)

*  Oleg Tarasov (MSU) .« y
«  Andrew Rogers (UML) Separator + Long Spectrometer’” method

198Pt (84.96 MeV/u) + Be (52.5 mg/cm?)

1e+13

1e+12 193Pt[beam1 T8+ 76+ 7B+ 76+ 76+ T8+ 76+

1 11 1%8Ptbeam)] 77 7T 7T TTH 7T T [beam] 75+ 75+ 78+ 75+ 78+ 75+ 75+
e+
1 e+1 0 193Pt[beam] TE+ T8+ TB+ 78+ 78+ 7§+ T o8 beam] T4+ T4+ T4+ T4+ T4+ T4+ T4+

Working region
dP/P ~ 0.8-1.0%

Il Il

1 e+9 198 q‘:,eam] H3+ T34+ 73+ 73+ 73+ T3+ 73+
Il
1e+8 II II

o
Te+7 TR
1e+6 I
I &
-]

+
le+4 74.5 73.5 125l

: - lecion I
region region eqion
1e+3 g [ I
1e+2 -
18ppyf 70+ ‘J <0+ 74
1e+1 1galyp 71+t 71 T1 fe 71

/_\ " "1%- 55+ 69+ 65} 63+ 63 a9+
1e+0 1aapfr 72+ 74 724 72+ A T4724 I 1l
1e-1 / ;

Yield (pps/Tm)

To+

A\
/

189f Bp Qe+ 68+ 68+ 08+ 05+ 68+

1e-2

=
07/2019 = / / \

3.2 3.3 3.4 Il I 3.5 3.6 7
Brho|(Tm)

183f 67+ B 67+ 87+ 87+ 67+ 67+




Layout of the e15130 experiment at NSCL / MSU (07/2019): MICHIGAN STATE

"Seanch for isotopes and idomens in the FY negion”

o  Working between primary beam t‘SSO,g beamull:ng, , — ‘j‘\ \ % E
B new optics with momentum dispersion . 2

charge states (Apip = 126) 50 mm/% at the telescope \;\;I& s 3 S

) . IR g &

o  Distance between the A1900 XFP Sci & =3

& the PIN-diode telescope ~ 46.5 m = =

= 3

[= %]

o  PIN-diode area 50x50mm? . : é S

Timing Plastic o &

o  PIN-diode telescope: Scintillator

1. 140 pm :dE1
2. 140 pm : dE2
3. 500 um :.16 Stl‘lpS. \oF o wpy Py
4. 1000 um :implantation Q.a(‘&
3 S00um - cveto 7 [ T e Wy 19
76 18505 ngs 4 60 B9 o b 19 1%50g 1%Qs
g 75 183Re '184Re wﬁd 100Rm 6/ R B J 194Re 195Re
S 7 ECL R £ LT M 193 194
g ) M ) e
Kapton wedge | e, a0
23 mg/cm?
%@’b((\\/x 2 [ TR TT R TT ST f8THf
© A\ :
2R A Production targets " My Ry Ly Ly Ly Ly
Y
Q> Be -23. 47 mg/cm?,
W ~ 7
\3’6 Ni-18 mg/cm? + Be - 9mg/cm? 108 110 112 114 116 118 120

Neutrons (N)
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e15130 experiment : from dE, ToF, TKE, Bp to A, Z, q (o 52| LR R N A

sl@ll FRIB

. L. filter
- :_--].'JBI"tT3— AII m Z q_z
L
o " ras -:_ +
EN | / ! '/, 4 192HFT0+
o 7. 15— TR o " .
[ 69 B
B POl | | -~ 1 |
| i . | | _69.15 = = _ = —
“37.402B0. 40 -498. 85 20030 zihﬁownw'%é@-ff
(23] BID.7 Vs Eﬁ};én? s e q [29] PID.Z_V$_AM3Q L : PID.Z_VS_AM30
Z : ZIE— A ol filter
U a0, BE— . | .
. . - sl Z-q=3
k T Bs— " e i & i -
. T s
o Th BET— e .
. T4 BB — n
T2 BH— Tl 15—
m.a&—'“’_ ;
B N S o
4,60 420.60 &lélggo‘?g 432.60 438.60 5705 2.05 1.05 £.05 5.5 o i e e T e L6
[83] PID.DE . PID.DE TOQF S E] - unknown _
[331 PID.Z2MO 2 : FID.ZHO q [30] PID.Z V& AM3Q 2 : PID.Z VS Al\&g 3CI

It is possible to suggest about ten isotopes from dE-ToF-TKE plots. No.. More than hundred (5*6*4)!



e15130 experiment : PID

Experiment #e15130; July 2019 @ NSCL/MSU
198p¢ (85 MeV/u) + Be (47 mg/cm?2) -> Wedge -> 189Hf70+

selection Z-g=2

Li ¢ MICHIGAN STATE

Se UNIVERSITY

selection Z-g=3

q z - [y 77.90—
« = - ._’:.}_'
e % . s 2t ' u q i Z
n o 75.20 ] < n 72,77 n
k k =t : = i< K
£ o -
a i n e i ||--189 Hf 70+ & B Tk '
. TL.60—. ., o - o o 186 Hf 69+
- bk 73‘20_-_ —_5 ~. -":;_ / w 7077 v
w w - T *
n 70| - Ik = -' .'..' n n
o) LA
i - > 5:;_/ 69 72
69. 601 1. 20— s f:ﬁ -..,-_j'“ o 68.77
21 21 ) : | | ; | L5 |
0 | | | o520 - | | L TR i) =0 ) =] I R TS TR
St s o =l AL T S lelsr S AGL B =2l Siehs = IlEE el 2 s : -3 2 e = 3
unknown o q unknown - q [28] PID.9_vs_AN99_1 : 2 [-30, -10 : 302] X [60, 35 : 752] GATED OM : E-6RTE_SHY {(PID.... q [92] PID.2_vs_An39_1 : 2 [-30, -10 : 302] X [60, 55 : 752] GATED OM : E-GRTE_SH3 Am- q
[27] PID.g_Vs_RM3g : 2 [-30, -10 : 502] X [60, 85 : 752] GRATED ON : E-GATE_ZM92 {FID.AM... I[si) FID.Z_VS_AMI9 : 2 [-30, 10 : 502] x [60, 35 : 752] SATED ON : E-GRTE_2M)2 {FID.AMI...

* ToF: Excellent

 TKE: Good

° Bp: moderate [strip detector (3 mm), dispersion 50 mm/%]
 dE : moderate [thin dE detectors, high Z]

e (: good
« A:good
e Z: moderate - poor
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RIKEN 2007

1.  We brought the PID subroutines to implement into BigRIPS acquisition software

2. Si-detectors for dE and Nal for TKE
3. Good PID at first, then Nal detector
has been destroyed (not due to high rate)

2007A05/22 16.41

COMMON /PAWC/ in memory

235 24 245 25 255 26 265 27 275
Histogram ID = 152
XYBlow.(AoQ vs Z g3)

P& HIGZ_01 ® a01.brips.ribfdag
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EE&X

200740522 00.26

COMMON /PAWCY in memory

run 0170 (3%) Z = q
gated by f5Sx-f7x, 2
f7fx-tf7y, dE1-dEZ2raw

] 4

& -] 10
Histogram ID = 142
Z-Q) vs Z gated

EEX

200740521 17.01

COMBMON /PAWC in memory
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Histogram ID = 149
XYBlow.(A-3Z vs Z)

D& HIGZ_01 @ a01.brips.ribfdag
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< ‘ R I K E N 2 0 1 7 PHYSICAL REVIEW C 96, 034604 (2017)
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Nslell FRIB

Discovery of new isotopes ****Mo and ***Ru and a determination of the particle instability of '™Sb

1. Mostlv performina PID with Z vs. A/d plots H. Suzuki,'"" T. Kubo,' N. Fukuda,' N. Inabe,' D. Kameda,' H. Takeda,' K. Yoshida.' K. Kusaka,' Y. Yanagisawa,'
: yPp J qap M. Ohtake,' H. Sato," Y. Shimizu,' H. Baba,' M. Kurokawa,' K. Tanaka,' O. B. Tarasov,” D. Bazin,* D. J. Morrissey,”
WIthOUt TKE measurements B. M. Sherrill.? K. Ieki.* D. Murai,* N. Iwasa,* A. Chiba,* Y. Ohkoda.* E. Ideguchi.” S. Go.” R. Yokoyama,” T. Fujii,*

D. Nishimura.® H. Nishibata.” 5. Momota.®? M. Lewitowicz.” G. DeFrance.” 1. Celikovic.” and K. Steizer!”

2. Attempts with TKE-PID in 2010-2011 failed

. DISCOVERY OF NEW ISOTOPES *“**Mo AND.. .. PHYSICAL REVIEW C 96, 034604 (2017)
3. 2017 : using TKE for PID .
Bp: outstanding TKE: good 46 a6 105
B:  excellent dE: moderate a4 aa
42 + 42 10*
“r 40
* Advanced detector development 38 | - ’ 10°
« Optics & detectors : Z3s| Z .. : -
: : 2 L : 10
o Bp & trajectory reconstruction N 4 H
« A/g-value : separator record a0 | 22 : 10
« New PID techniques: i, 30 | i 1
o Idgntlflcatlon Z based on E-loss in wedge 26 5 28 i
o Using “range” technique for PID
5
FIG. 3. The Z versus Z — Q plot for projectile fragments pro- 10
Thursday 17 December 2020 duced in the reaction of '**Xe + Be (4.03 mm) at 345 MeV /nucleon. 1
_ . g The experimental conditions are given as the **Ru setting in Table 1. 10
600 L . 645 2l F_UKUda NaOkI The red solid lines indicate the gate used to select fully stripped events
Particle identification at BigRIPS Separator of which the gate width is taken to be |Z — Q] < 0.5. See the text. 109
4

Muclear Instruments and Methods in Physics Research B 317 (2013) 323-332
Identification and separation of radioactive isotope beams by the BigRIPS separator at the RIKEN Rl Beam Factory
N. Fukuda *, T. Kubo, T. Ohnishi, N. Inabe, H. Takeda, D. Kameda, H. Suzuki
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Wednesday 16 December 2020

10:10 am —-10:55 am: Marc Hausmann

FRIB Fragment Separator Overview and
Opportunities for Advanced Detector Systems

ARIS @ FRIB

99 UNIVERSITY

3 ARIS (FRIB/MSU, East Lansing)
File View Help
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“Stopped” beam experiments:
filtering with TKE
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O °Ge(130MeV/u) + W,Be : PID, resolution R o EI T T

@l FRIB

w I S 10"’;—{5) Q; '-:r(‘ill} = 0.073
281 WG & y §
264 = %WM W o ,—icMn -

24 - Q%ﬁ*wﬁ%v 1 o | m H m ] g-resolution is used to be
R o ittt MO ARSI 2 1 O 6 o s S O always better than Z-
221 ﬂ“**?:‘:i 1 7 10°E (b) Z; o(2) = 0.098 3 resolution
20+ - DL 81 8]
Z | e i. w0 -
|

16 nm ' iy f\_’\-

Good filter for new

isotopes search,
(\ﬂﬂﬂ because in this region at
A0
28

these energies Z=q

S0 1 I U | SR A | S | | S I B
16 18 20 22 24 26

14- do o Lot 1 For all particles stopped in the Si-telescope in the production runs
121 e W@

19 g S % 1 OT et al. Phys.Rev.Lett. 102, 142501 (2009)
‘ paco o ot OT etal. Phys.Rev.C. 80, 034609 (2009)

14 12 10 -8 6 4 -2 0
A -3q
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» 50Ca: Experimental setup and particle identification at BigRIPS = o MICHIGAN STATE

Y = ULNIYVERSITY
sl@ll FRIB Se

BigRIPS
Target: g TOF(,H) .
L Be W 5 2"d stage Plastic, PPAC 10
F “ PRAC x2 Qeoca
AR Plastic ) . soy¢
" - ® ©
: *
Thick Fe Plasti
colllimator e : e *
' o AE 6 x Si (1 mm) %, % .
E;thv;gafif;nggg;mp"ca“m B : Plastic, PPACs TKE : Csl @ % ¥
OBT etal., PRL 121, 022501 (2018) (position measurement) Veto: DlaStiC S SR “
Filtering b G -
« Double position (Sci, PPAC) @ F3, F5, F7 *‘*’
» Double timing signals (Sci, PPAC) @ F3, F5, F7, . R . e
* Advanced techniques against pile-ups at PPACs & Sci, — 1 1 T 1

. ) _ _ S 2.8 2.9 3.0 31 A/q
» Six PIN diodes (6 cross checking Z-identification),

 TKE measurement (Csl)
e Additional veto detector after Csl



Spectrometers



Li ¢ MICHIGAN STATE

Spectrometers

VAMOS, SAMURAI, PRISM,
MAGNEX, S800, HRS, MSP144, ...

Wednesday 16 December 2020
238 @ S800 experiment example was shown

6.55 am —7.40am: Masaki Sasano
“Particle identification of Rl beam in Sn region with
the SAMURAI spectrometer

7.40 —7.55 am: Salvatore Calabrese
The MAGNEX spectrometer at INFN/LNS and its
challenges within the NUMEN project

9.25 am —10.10 am: Jorge Pereira
Particle identification with the S800 Spectrograph —
Current status and future plans

40

30

Counts

20

10

X

y

o
W

=
=
-

30 35 40 45 50 55 60 65

45

40

qﬂl(’(t\

35

30

[\
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99 UNIVERSITY

238 (6.1MeV/u) + C @ VAMOS

A,q — good
Z - moderate

PHYSICAL REVIEW C 88, 024605 (2013)

Isotopic yield distributions of transfer- and fusion-induced fission from 2*¥U 4 2C reactions
in inverse kinematics

M. Caamafio,'" O. Delaune,"! . Farget,'* X. Derkx,'* K.-H. Schmidt,' L. Audouin,’ C.-O. Bacri,’ G. Barreau,
1. Benlliure, E. Ca.sen'ejos,5 A. Chbihi,' B. Feméndez-Domfnguez,6 L. Gaudefmy,7 C. Golabek,' B. Jurado,*
A. Lemasson,' A. Navin,' M. Rejmund,' T. Roger,! A. Shrivastava,' and C. Schmitt'

Identified fission fracments.
Charge state gmeas = A/(A/qg) as a function of A/qg.

F.Farget et. al,Eur. Phys. J. A (2015) 51: 175

Fig. 2. Energy loss of fission fragments in the ionisation cham-
ber of the focal plane, plotted as function of their energy. Each
line is produced by isotopes of the same element, produced in
the fusion-fission reaction of **U on 2C at 6.1 McV /u.



3. "Fast” beams
experiments



NS®l FRIB

1.2

0.8

0.6

0.4

0.

(]

/=36

A/g rms=0.005
238 @ S800

Amp (g=36)=1
Amp (g=35)=0.3
sigma(A/q)=0.005

2.3

oA

2.45 2.5

2.535

When and where we can separate charge states?

/=36

1.2

[

0.

[=:]

0.

o

0.

E=y

0.

]

Li kel MICHIGAN STATE

%iSelJN IVERS

| TY

Amp (g=36)=1
Amp (q=35)=0.5
sigma(A/q)=0.0048

[t]

| w‘y

o
'S

/=36

Amp (g=36)=1
Amp (q=35)=1
sigma(A/q)=0.0045

2.55

\] \ 0 A a
.
“ ‘ ‘ ‘ ‘ " | | | II
’ .| |
' \
2.3 2.35 2.4 2.45 2.5
—— 83/36 —— B4/36 —— B5/36 86/3 87/36 88/3 89/36 90/36 ——91/36 ——81/35
e B2/ 35 e B3/ 35 e B4/ 35 e B5 35 e B6/ 35 B7/35 e BB/ 35 e B35 e S UM

/=36

Amp (g=36)=1
Amp (q=35)=0.3

1.2 s
sigma(A/q)=0.003
1
0.6
0.4
0.2
° y N J
2.3 2.35 2.4 2.45 2.5
—— B3/36 —— B4/36 — B5/36 86/3 87/36 88/3 89/36 90/36 ——91/36 ——B81/35
——B82/35 —— B3/35 —— B4/35 —— B5/35 —— BG/35 B7/35 ——B8/35 ——E89/35 ——5Sum

2.55




Alq resolution 0.00314 : Hg (Z=80) isotopes S E Ry

Resolution
e o Hg-isotopes around A/q=2.6: d(A/q)=0.00314
viomentum (Brho) = 0.0865 60 — 195 Hg75
—196Hg75
50 —197Hg76
Energy = 70.00 eV 198 H g76
Flight Length = 32.000 m
40 —200Hg77
—201Hg77
| 30 —202Hg78
 203Hg78
A-image at target = 1.0 mm 20 _205 Hg79
-magnification @ disp.plane = 2.
e t f—disgeﬁsion = i‘:ﬂ mm,/% o 206HE79
Detector resolution = 1.0 mm 1 0 — 2 08 Hg80
Momentum Resolution = 0.0865 %
—209Hg80
Resolution 3.1E-03 —SUM
0
ore L Bots 2.58 2.59 2.6 2.61 2.62

0.0871% 0.0841%



Al/q resolution 0.0024 : Hg (Z=80) isotopes iR s

Resolution
sigma
B - Hg-isotopes around A/q=2.6: d(A/q)=0.0024
viomentum (Brho) = 0.0479
- —195Hg75
T setup —196Hg75
Energy = 70.00 MeV/u —197 Hg75
Flight Length= 19.000 m 40 198Hg76
—200Hg77
30 —201Hg77
—202Hg78
e 20 ~ J0sHg70
mMagnirTication !5 b E-I'IE_ d g
T e —206Hg79
Momentum Resolution = 0.0479 % 10 - 208Hg80
Resolution 2.4E-03 —209Hga80
—SUM
Brho Beta 0
oo DO 2.58 2.59 2.6 2.61 2.62



A/q resolution 0.0014 : Hg (Z=80) isotopes A TAD T

@l FRIB

Resolution
sigma
TOF = 0.050 ns

20 Hg-isotopes around A/q=2.6 :  d(A/q)=0.0014

viomentum (Brho) = 0.0479

35 —195Hg75
—195Hg75
. o 30 —195Hg76
Flight Length = 19.000 m - 198Hg76
—200Hg77
20 —201Hg77
| —202Hg78
X-image at target = 1.0 mm 15 —203 Hg78
X-magnification @ d?sp.pla_ne =15 —205 Hg79
e et | 10 —206Hg79
Momentum Resolution = 0.0306 % ’ \ - 2 08 Hgao
Resolution 1.4E-03 > /'\ /A A\ —209Hg80

2.59 2.6

Brho Beta 0
0.039% 0.041%

2.58 2.61 2.62

A/q



Alq resolution 0.0074 : Hg (Z=80) isotopes KNSR

Resolution

 ceme L 20 Hg-isotopes around A/q=2.6: d(A/q)=0.00074

viomentum (Brho) = 0.0479 35 r| n _iggﬂg;:

— 8

30
—197Hg76
Energy = 70.00 MeV/u n q 198 Hg75
Flight Length = 70.000  m 25 _200H377
50 A ” —201Hg77
—202Hg78
15 —203Hg78
X-image at target = 1.0 mm _205 Hg79
X-magnification @ disp.plane= 1.5 10 _206 Hg79
X-dispersion = 100.0 mm/%
Detector resolution = 1.0 mm —208 HgBO
Momentum Resolution = 0.0180 % 5 _209 H g 80
Resolution 7.0E-04 0 } —SUM
EET 2.58 2.09 2.6 2.61 2.62

0.017%  0.021%
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1 FRIB

Journal of the Physical Society of Japan 87, 014202 (2018) . don

. A= 200 Energy= 250.00 Me\fu
e 2
https://doi.org/10.7566/JP5).87.014202 . Elight Length = 45,500 n E3-E7
P . . . =73 1st{7) detector material = 14
Identification of New Neutron-Rich Isotopes in the Rare-Earth Region - ismp; T Et[;, : de:ﬂ;;:;::p i mgfem?  B6LE23 um
Produced by 345MeV/nucleon 23U [

M_ionfg= 2.735088

Naoki Fukuda'*, Toshiyuki Kubo'", Daisuke Kameda', Naohito Inabe', Hiroshi Suzuki!, Yohei Shimizu',

Hiroyuki Takeda', Kensuke Kusaka', Yoshiyuki Yanagisawa', Masao Ohtake', Kanenobu Tanaka',
Koichi Yoshida', Hiromi Sato', Hidetada Baba', Meiko Kurokawa', Tetsuya Ohnishi', Naohito Iwasa’, systematical Momentum Resolution
reconstruction

Ayuko Chiba®, Taku Yamada®, Eiji Ideguchi’®, Shintaro Go®, Rin Yokoyama®, Toshihiko Fujii’, sigma (calibration)
Hiroki Nishibata*, Kazuo Ieki®, Daichi Murai®, Sadao Momota®, Daiki Nishimura’, Yoshiteru Sato®, TOF=0050 |ns 0005 % ¥-image at target = 0.1 mm
Jongwon Hwang®, Sunji Kim®, Oleg B. Tarasov’, David J. Morrissey’, and Gary Simpson'? Eloss = 0.75 & 0.40 % fevagaing [ ¥-magnification @ disp.plane = 1.0
TKE= 045 % 0.05 % X-dispersion = 36.0 mm,/%
Z= 02 % Detector resolution = 0.5 mm
. Momentum (Brho) = 0.0142 |% 001 % Momentum Resolution = 0.0142 %
A/q resolution ~0.001
o v erorll %
= ' 5 10° TOF = 252.1534 | ns 0.052 0.020
10 Brho= 6.6405 |T*m 0.001 0.017 Probably, it's not enough.
El loss = 3556.97 |Mev 30.22 0.850 On the limit.
. i IEESERE eV St Increase flight length,
? ] N 62
0 Deduced values error (g} Decrease energy
beta = 0.615158 0.00013
10 10 gamma = 1.268386 0.00016 contribution in error
velocity= 184212 |cm/ns 0.00377 . Brho Beta TKE  Elloss Zsyst
A/ g= 2739089 0.037 0.017%
%6 2.65 27 275 l ! erorfe) 5 ——~ Onthe limit
A0 7 (Eloss)= 74 047 0.017% 0.42%  0.20%
q = 73.000 0.331 0.45 0.017% 0.026% 0.453%
A (from TKE) = 1999535 0.913 D.46 0.059% 0.453%
Thursday 17 December 2020 A (from [A/q]*g_integer) = 199.9535 0.074 /3:/> Good!
. 2 A (from *gq_measur) = 1999535 0.911 - 0.017% 0033%  0.454%
6.00 am — 6.45 am: Fukuda Naoki from A/alramessan =20 . 7% o0s% 045
Particle identification at BigRIPS Separator A-3q= -19.05 0.112 0.08 006 008
A-77 * = 5450 0.367




4. PID features

Charge states
“cleaning”



E12022: PID e e s

Dispersionl2= 112.00000 mmy %o

user.mcpm_x1_a3 -19.399

user.mcpm_x1_a2 -3.38656

user.mcpm_x1_al -26.62532 Exce”ent
user.mcpm_x1_a0 -4.11869

Pl: M.Famiano

« Mass measurement Burho Z_42
. N ' - kS
« Disperse mode P 3.737 = Z +
E = = =
* PIN-telescope at the t 3 E: E
o = iy = ::_':
S800 FP o g o S 3 f :
«  Bp measurement at the n = £ £ =
S800 TP by MCP ) Z & Z I o(Alg)=0.00064
. 3.711 - '
* Intermediate energy, It's almost one order better
Long ﬂight Iength, than in 12006 (only S800)

very high dispersion | | | | |

| | | | | |
378 2.51 2.54  2.57  2.60  2.63 zwq

unknown
[159] PID.BEHO VS AQQ : PID.BEHO VS AQQ
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X ©) Resolution : Z Blseluniversity

NS&1 o
Good!

’@ @,

Average of |Z., - Zpeakl = 0.057 In Z=32-50 region

c(Z) = 0.157 for all Z=42 isotopes, o(Z) = 0.153 for 1%8Mo

7

>
= [
o
Q)

iNanNas

|
—

AAARRA
AT

36.57 38.57 40 .57 42 .57 44 .57

unknowi

[142] PID.Z : PID.Z



Resolution : TKE & q

3dand 4™ PIN-diodes not well depleted

Average of [0y - Opeakl = 0-29 (1) In Z=32-50 region

Li gl MICHIGAN STATE
Se UNIVERSITY

BAD |

Omeasured = 42.24 with o(q) = 0.27 for 1%8Mo4?*, for all Z=42 full-stripped isotopes o(q) = 0.274*

Xamine -- fuser/e12022/merged/SpecTclOffline/Oleg/PID4at.win [Modified]

File Mindow Spectra Options

Graph_objects

bad
w G4 esolution oo
1o} n 45,66 L
k k “ o
n n P
© 41 46— T
W w . e
40.66 T iy e
n n p
~ . '. P
36.46— v e e
35.66 g
31.46— 50.68 e A T
' W
A T
. WmE A o -'topedin‘s
O & L v
26.46 o5 .66 T * ¥
vk,
21.4¢ 20.66
-1.76 -0.76 0.24 1.24 2.24 -21.35 -19.35 -17.35 -15.35 -13.35 -11.35
unknown unknown
[152] PID.Z VS ZMQ : PID.Z VS ZMQ [146] PID.Z VS AM3Q : PID.Z VS AM3Q
Spectrum 146 H-17.40 ' 49,86 Counts 0
Geonetry 42 Update ALl Expand Harker et
Display Update Selected|  UrExpand]|| Sumning Region|  Band|
Display +| Infol +| =| S Leg ' Hap Integrate | Contour

Actually o(q) is not so bad, but
charge state overlapping was
observed in the Z-q plot.

So, the “banana” selection
method can help.

See next slides



0 2 05 w50 C

47

42,

37 .

32.

27.

22.

.00

0o

0o

0o

00

00

PID plot without filtering AR AR

-

i
Aé@t;ﬁhl;]

Lo ﬁa1;ﬁD £?EE@fJ%&T%E

.36 2.40 2.45 2.50 2.54 2.59 2.64

unknown

[149] PID.Z VS ROQ : 2 [2.35, 2.8 : 902] ¥ [20, 55 : 1052] GATED ON : -UNGATED- {PID.AOQ, PID.Z}

Alg
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Charge state separation with “A-3Z” integer values

s
N -,.(11')
NSC

1 FRIB

This method can be used only in the case of
« perfect Zand A/q resolution

« far from integer values of A/Z (2,3)

* Only to separate Z-g =0 and Z-g=1.

Zi = int(Z+0.5)

Am3Z = (Alq — 3) * Zi
Am3Zi = int(Am3Z + 1.5)
dA3mZ = Am3Z - Am3Zi

So, in our case we are working around 2.5, and no helium-like products

! ! E (] - ' .
u N f/ " Select “full-stripped” | 7 I
! — e ol T - i
I _. H i B I J_" j' -'.'i - i; - ;
0.2617— ? _ : B F)Ee L( . ﬂ; ?lfb ¥ ;:%jiﬁ i
. Pl ;;51-% i1 Y SO
o r\\J i o - 37.761— T _-‘ " ;#Iii":; f'; N .
W C—Y].)Dl— lll ,. j L ; B " ” : g !"r -
n L ] } J 5 — n RS-SRS S
~— P R T
© to] ’ f [ L T R L
A A 1EIE 5 - S
. : ! ! : — 28, 76— £ R B i
n.2g— Lo - ECI I B I
i - v T LE R
it | |
A I T | | | |

-0. 54 - - - - - -
~22.37-20.37-18.37-16.37-14.37-12.37-10.37
unknown

= Z
(163] PID.DAMAE_¥5_RAM3E : 2 [-25, -5 . 502] x [-0.6, 0.6 : EI(Alq: Bla)

LB

-0.50

Tl

[1E2] PID.DAMEZ : 1 [-1, 1 : 4

0.00

0.50

gl S TICYA N—

I[ 147] PID.Z V5_RM3IE

~571.45-18.45-15.45-12.45
unknown

. 2 [-25, -5 . 502] £ [0, B0 . B0Z] SATED oM Ap?az



o s e = =

= =

47,00

42.00

37.00

32.00

.00 %

22.00

[149]

Li ¢ MICHIGAN STATE

Final PID plot of full-stripped ions passed to the 4" detector  pgse vnivirs vy
Final plot

0.0 —
0.0 )

3,00 )

&

o S

200 — - e ;‘:;] - #

s % %

¥  ® &

% # * 51

- % & - & =

) 21.00 ¥ # #

b ’ + . 'é

2.3 2.40 2,48 2.50 2.5 2,58 2,64 2.36 2,40 2.5 2.50 2.5 2,59 2.64

unknown A/q unknown A/ q

PD.Z VS A0Q : 2 [2.35, 2.8 ¢ 902] X [20, 55 : 1052] GATED ON : -UNGATED- {PID.A0Q, PID.Z} [149] PID.Z VS A00 & 2 [2.35, 2.8 & 902] X [20, 55 : 1052] GATED ON : CLEAN {PID.209, PID.Z}
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Region to cut charge states using the “integer” method g .~ virsivy

The red color shows 30 0_154 “21 100 0. 303 _
that charge states will 81 0231 | 0474 101 0.231 0.368
be cut for specific a2 0.100 0.308 0.368 102 0.100 0154 0.263
isotope of Z=42 83 0150 0385  0.263 103 0.150 0.158
84 0.200 0.158 104 0.200 -
85 0.250 ﬁ 105 0.250
86 0.098 0300 0385 106 0415 0300 0154  0.158
87 0122 0350 0308  0.158 7107 0390 0350 0231 0.263
88 0146 0400 0231 0.263 108 0366 0400 0308 0368
89 0.171 0.154  0.368 109 0.341 0.385
a0 0.195 110 0.317 0.421
91 0.220 0.421 \_111 0.293 0.316
92 0.244  0.400 0.316 112 0268 0400 0385 0211
93 0268 0350 0154 0211 113 0244 0350 0308 0105
For “fast” beams 94 0.293 0.300 0.231 0.105 114 0.220 0300 0231 [ 0.000
In RIKEN and MSU 95 0.317 0250 0308 | 0.000 115 0195 0250  0.154  0.105
to get clean A-xn plots, 96 0.341 0.200 0.385 0.105 116 0.171 0.200 0.211
which are more convenient to £l 0.366  0.150 0.211 17 0.146 0.130 0.316
99 0.415 0385 0421 119 0.098



FR,B 328 (14.5MeV/u) @ MSP144 : “tricks” with charge states MICHIGAR STATE

OB Tarasov & al /Nuclear Physics A 629 (19958) ¢05-620 607
AR o
MSP-144 magnetic spectrometer with 16 [ frsis ¥
dE-E ionization chamber - 29'. .
@ FLNR (Dubna) I5
14 268i 275
2 23Mg,.. 24 oBA - AR
dE = AZ” : 12 w @ ﬁ _ .g‘;fu 26Mg

E a |
q:z I 1‘ 20Ma 21M 22“’# 23@ 24!**‘ .25"!1;
2

18Ne 20 ppNa 23Na 24Na
E=k(Bx) 10 19Ne % ziw 22"9. |
17F '
™ IBEL I'EPE 20F ¥ 20Me 2{Ne 22MHe
140 153“, IED 17
8 G F OO0 g e
| Z-q=1

13N 14
$ 15%‘\

Assuming q=Z 7 Z-q=0 ' - 160

. o . . 12w 13C 1
for the identification matrix d 0 1 2 3 A-27

Fig. 1. Identification matrix (A — 22,2 ) of the products of the 32S(14.5 MeV/A)+C reaction obtained at
a magnefic field & = 0.7973 T. The left solid line passes through the completely smpped nuclel with zeto
isotopic spin The nght curve diseriminates between regions of miclel with charge g =2 and g=2 — 1.
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Inverse technique. Reconstruction (e12006)

http://lise.nscl.msu.edu/paper/2016/Reconstruction with LISE.pdf

238U @ S800 experiment

Z

Bp =3.343 Tm

22 23 24 25 26 27

M.Bowry, private communication

LISE* MC

target

Will be finally published in 2021? ©

Li ¢ MICHIGAN S

99 UNIVERSITY

281 (80 Meviy) + C — %Ky

12006 P~
Bp=3.34308 Tm— 2
Targ%t/ C (33.5 mglcm?)

| %
| .
\ 8
2 ¥
o
§
| 2 &
| 4 &
‘ x
ﬁp
234 ,’?o
Fission
281 (80 Meviu) + C — %Ky ) e"ipsoid
12006 e T e
Bp=3.34308 Tm, P \ TR,
Target C (33.5/ mg/crﬁf/ \“\
\ . Fmo
\

Y1Phy) fmraay



http://lise.nscl.msu.edu/paper/2016/Reconstruction_with_LISE.pdf

"Global” (net)
calibration
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“Global” (net) calibration

Finally, it has to be published....
Or at least documented

Why global?

&1_slope=
&2 _slope=
e3_slope=
eé_slope=

e1_offeet=
e2_offzet=
e3_offset=
e4_offset=

1.2255
1.6839
17756
37287

-15.4
322

3311
-T7T

sum 1-3

chi_ded= 0.011
chi_sum= 1290
VC= 0.29979246
Eloss_option= 0
Dispersionl2= -59,12491
beta_shift= 0.0047
z_i2 17486
z_i4 35.563
7_s8 82.54
L_i0i2 17.486
L_i0i4 35.563
L_i0=8 82541
L_i2i4 18.077
L_i4s8 46.978

PINA
PINZ
PIN3
PIN4

PIN1
PINZ
PIN3
PIN4

270.129

mmi%h

17486

17.486
35.563
&2.898

17.438
35.563

18.077
47.335

A19_Sci
S8 Sci

PIN1 PINZ PIN3
Thick 117.9 1184 240.5
508 509 1036
Z 14 14 14
tke_0_add_A15= o.1100 ratio to pin  MeVich
tke_0_add= 0.1928 ratio to pin  MeVich
the_1= 1.2273
the_2= 1.7219
tke_3=  1.8932
the_4= 3.5195
the_offset = 0.000
the_offset? = 0.000
tke_offsetd = 0.000
chi_tke 0121
chi+dE 18.942 Elozs models
\GLOBAL 92.94
a3Z= 5.69454E-03
= -1.852E-02
af= 7.95TE+00
bZ= 0.000
kbeta= 0
LIMIT_Z= 100.0000
a2zZH= &8688
aZH=
bZH=
ALL= 0.2841

It is necessary to use
LISE for Excel

A19_SCI
14,3000

G
11.3000

580_3C!
16.3
i1
16.3
distance
a_rf1=-0.02583
b_rf1= 774.350

c_rfE= 0.00000
d_rf1E= _0.00000

bunch="54.39
RF1a=  0.620
RF1b= 0.320

RF_sum= 0.941

a_AS= -0.061593
b_AS= 757.9806
chi_AS= 0.4277

time_chi= 5218
dAoQ_ch= 0.015

dTKE 5300= 0.040

brho1_walue = 3.18530
brho2_wvalue = 3.17480

mg/cm2
micron

ns/chan
ns

ns

3.1853
31748

Z ToFs dE & TKE

Tur ¥ maly

afterbarget

O b~ wWNPEF

At SCI
[

For all energies
For all particles

No energy loss models

Dead layers are taken into account
Help to find discrepancies in data, calibration

Z3TUEss 23FUEEe 2IEUSEL

chargest

chargert

24
24353

<harqest

chargert

chargert

charqest

chargert

chargert | charqest  charqest  tharqert b

0.4 0.7 [TX] [TX] (3] 687 5.4 [EX]
0.1 0.7 5.4 (%] 5.3 5.4 5.5 6.1
45400 EXTE) EXIT) 21174 21156 EXITE EXITE] 21170 H
0,39 0,344 0363E 03651 0.3629 0,36+ 10,3634 0,364 ]
2 o 444 ¥ 7 035 0, 0
3 10651 1 1 1073 24 0 “ 1
551 1) 1070 .oz .0 1
.z 245 EEXS 7.4 2240 EEX) 35T e 5.2
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5. Detector system
requirements



Detector systems for incoming experiments (#5046 & #5120)

3 @ = . i planni : "ETT T T T T ]
= @ Qumns Itis plannmg to use for TOF-measurement 700 SOURCE: Laser Pulser Calibrated to the 5.49-MeV Alpha of 241am,

the MCP detector (or Scintillator) in the

R
[ 11111

v DETECTORS: (a) D-030-100-30, 380 pF
b7 o - 4 . i i i (b) D-015-025-30, 90 pF
. . |eSi-detector stack : thickness & size gtt:rmtedlqtethfocf;al Ip:anel (Ilz) and the Si " bt
Abrasion-fission . In-flight 238U-fission experiment etectorin the final focal plane. i ==
A3"+ A4’< 238 o 208ph fragmentation experiment E (%*Ag) = 90.93+0.165 MeV/u 5 ol —
TOF-detectors: Scintillator (20 mg/cm?) and Si (501 um) %
e 208Ph fragmentation experiment detector £
system: identification & intensity. e BUEF) FWH':I"S(TOF) . =
ns & — S
= nr— =
‘ Fragment Ener 0.115 0.271 — —
Possible components AT = - ol
2 P Experiment 0.271 0.444 o H
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) Energy straggling L htm
Guaranteed Maximum Resolution (ORTEC) Famn 3;
For 5.486-MeV alphas ’ : ey Straggling (2020s 70MeV in Si -detector)
(FWHM/E are equal to 1.06%, 0.87%, 0.78% for diameter=50mm) Straggiing (64zn T18VeV in Si -detector)
45% 1.6%
D - minimum depletion (mm) D - minimum depletion (mm) .
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7 n n = . 3 TKFE x
< resolution at large acceptance Banana" (A-3Q) resolution Q resolution 0=333x107 L Bly)
pyY —
1 5930
Zz\/AE/(—zh{ilJ—lJ o
1N gy = 70 MeV/u o(Q): 20205
£ Vg -l Length = 18 m o(A): 202Qg ‘ s(Q) = f(A,Z, 0'([3)) \7 Configurations o(B)/ B GwTKEo)/TKE‘ S(Q)*
20274+ T e - dp/p=1.0% Configurations o(B)/ P o(m)'w OOKE)/TKE*  G(A-3Q)* ﬁCP g’{mr) :mde 0 37 0 53750 38 0.45/0.30
o(2): Os™+, straggling coefficient=1 12 FPror)  mode % % % Q-resolution (2020s) Mee  d Se oo Naoae
Mcp Si A 0.127 1.00 0.58/0.38 0.30/0.28 050 MCP MCP A 0.113 0.58/0.38 0.45/0.30
BEcs detector  ERGRS Si 0.094 0.74 0.55/0.35 0.24/0.21 5040 McP Mcp 0.073 0.55/0.35 042/0.27
_ ) Si (t=300 um, At=0.5 um) McCP MCP A 0.113 0.89 0.58/0.38 0.28/0.25 (=
Configurations o(B)/B o(dE)/dE GCp(Z) o©(Z) McCP MCP 0.073 0.58 0.55/0.35 0.21/0.18 E 020 Sci Si A.S 0.123 0.58/0.38 0.45/0.30
% 010 1 Sci PPAC AS 0.123 0.58/0.38 0.45/0.30
_ Sci Si S 0.123 0.97 0.58/0.38 0.29/0.27 0.00 - Sci PPAC 0.088 0.55/0.35 0.42/0.27
1z FPory % % Main contribution in the o(Z) vall | sci PPAC ts 0.123 0.97 0.585 0.38 029 ,// 0.27 000%  020%  040%  060%
the large acceptance (dp/p=1.09 | Sci PPAC 0.088 0.70 0.55/0.35 0.23/0.20 ’ ) ) : Dia Si AS 0.117 0.58/0.38 0.45/0.30
MCP Si 0.094 0.53 0.1 0.271 the Si dE-detector resolu sigma(beta) / beta PPAC Si A 0.140 0.58/0.38 0.45/0.31
=0.43% Dia Si AS 0.117 0.92 0.58/0.38 0.28/0.26 PPAC PPAC A 0.127 0.58/0.38 0.45/0.30
MCP MCP 0.073 0.53 0.1 0.268 (o(dE)/dE=0.43%) PrRG si A 0.140 111 0587038 032030 PPAC PPAC 0.111 0.55/0.35 0.43/0.28
MCP PPAC  0.094 0.3 0.1 0.271 PPAC PPAC A 0.127 1.00 0.58/0.38 0.30/0.28 o(Z) = f(A,Z, o(TKE)) RF+Si 0.438 0.55/0.35 0.53/0.43
Sci PPAC  0.088 0.54 0.1 0.274 o(2): Configuration MCPf| PPAC PPAC 0.111 ood 0.55/0.35 0.27/0.25 * o i i
2 . . (TKE)/TKE are taken for two different TKE configurations
PPAC PPAC 0.111 0.53 0.1 0.275 RF+Si 0.438 3.44 0.55/0.35 0.91/0.90 0 Q-resolution (2020s)
Strag.cdll * o(TKE)/TKE are taken for two different TKE configurations o4 Two main o(TKE)/TKE components are Si-resolution and “dead” layer.
GACC(Z) 1 % 0.30 TKE configurations 1 2 o6(Q): Configuration MCP+Si+A
Gpacc(Z) — St.Dev of Z due to the acceptance value 208pp 0.11 0.29 Lo Resolution of Si  0.43%  0.34%
suggesting all other contributions equal to zero 2020g 0.10 0.27 010 Dead layer 0.34%  0.10% | Configuration 1 2
208ph 0.49 0.33
184
1z4gb 882 8%3 It is Possible to separate isotopes using this method! 0 - - - 2205 Wais 0Lsit
2, rmuia Validity (5,(Z)=0.02) was taken into account for o(Z). n - . - 0.00% 0.20% 0.40% 0.60% 184yp 0.42 0.28

The time resolution is crucial factor

sigma(TKE) / TKE

1245n 0.30 0.20

. ; ; 202
http://lise.nscl.msu.edu/paper/2006 february detectors.pdf Final table of resolution values for “°“0Os IEreem——— —
(left) and 2 (right) accordingly
5 Configurations c(Z)* o(A)* o(AiQ) o(Q)* o(A-3Q) * | * pifferent TKE-configurati
Sj-detector stack dp/p = 0.2% e e
Iz FP{TOF) FP{X) TKE oon_figurati_ons 1 . 2 .
MCP si 26/.36  1.30/0.96 030  45/30  .30/.28 | peiimm T Shen ieen
Factor Thickness Size Comments
- MCP MCP .26/.35 1.28/0.92 0.26 .45/.30 .28/.25 -
Energy Detector Resolution Increasing & d Increasing Energy loss value Main
. h Calculated contribution
Energy Resolution noise Increasing & Decreasing &d Increasing Energy loss value Sci Si .26/.36 1.30/0.95 0.29 .45/.30 .29/.27 Value from
— _ Sci PPAC .26/.36 1.30/0.95 0.29 .45/.30 .29/.27 o(Z) dE
gy Straggling, Increasing | ddd )
Charge state fluctuations . . c(A) TKE
A,Z,Q identification formulas validity Increasing ) 100-500 microns Dia S! '27/'35 1'291’0'93 0.27 '45/'30 '28/'26 G(Ai) B
PPAC Si .27/.36 1.33/0.99 0.33 .45/.30 .32/.30 a(Q) TKE
Time Resolution Increasing ® Decreasing &b RF+Si 41/.48 2.27/2.11 1.02 .53/.43 .91/.90 o(A-3Q) B, Bp
Tk e erpeei | | | [ S e 0.27 023  .45.31  .26/.23 Main
Spectra Cleaning Decreasing & should be 2-4 dE detectors MCP Si PPAC 0.27 0.25 .45/.31 .28/.25 Calculated contribution
et " I | o o = ob MCP MCP MCP 0.27 0.21 .45/.30 .25/.22 Value from
gl Mt S MCP PPAC PPAC 0.27 0.25 45/31  .28/.25 dE E_det-resol., stragg.
25-30 mm for fragmentation circle or rectangle shapes. ﬁ Accept, T_det-resol.
Detector size (horizontal) Sci Si 0.27 0.26 .45/.31 .30/.28 TKE TKE_det-resol
40-80 mm for fission we do not need large vertical size Sci PPAC 0.27 0.26 _45/.31 .30/.28 Bp X-object, X_det-resol.
Sci PPAC PPAC 0.27 0.28 .45/.31 .31/.29
Proposed configuration: 3X300* 3X1000 Scintillator More difficult case is o(Q),
LI AR PPAC Si 0.27 0.29 .46/.33 .30/.28 or by another words TKE
[|esiam) | | i.Bize = Somin (351 PPAC  PPAC 0.27 029  .46/33  .30/.28
Rrogmestation W.Size S A0 mm PPAC  PPAC  PPAC 0.27 0.29 46/.33  .30/.28
PPAC RF+Si 0.41 0.29 .85/.79 .92/.91



http://lise.nscl.msu.edu/paper/2006_february_detectors.pdf

Universal dE-TKE system for HI beams

Assume the 238U beam — fission (Z=25-75) and fragmentation (Z=75-92)

different ranges: where and how to get qualitative dE &
TKE measurement for both reaction product types?

1. PIN-diode telescope : good resolution, but large numbers for high energy,
radiation durability, dead (non-depletion, windows) layers

2. Scintillators : moderate E-resolution, but thick

3. IC : relatively thin, E-resolution?

2-4 PIN diodes

It's good for a fragment-separator, but for
HRS we need detectors with larger area

Sci (Veto) :
Sci Multifragmentation,

reactions in detectors

IC Liquid Xe

dE TKE
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Spectrometers
1. ToF detectors (spectrometer case) : start(where?) & stop

2. X, XY, Y’ detectors in the Dispersive focal plane
(Bp-resolution, inverse reconstruction)

dE, ToF, TKE for full identification (A,Z,q,E)

Wide Z-range of products

Radiation resistance

PID confirmation (isomers) — Gamma detectors vs. Large size PID detectors
Multi-particles registration

Separators

1. Signals Doubling (filtering)

2. Si-detectors: Depletion issue

3. Optical trajectory reconstruction (Isochronous term (L/d)

N o O kW



6. lrreplaceable helper for PID

LISE™
LISE. ;.
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Plans for performance and model improvements in the LISE™ software

M.P. Kuchera, 0O.B. Tarasov, D. Bazin, B.M. Sherrill, K.V. Tarasova
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| LISE++
development |

Nuclear : Software

Physics Bl Optics Development

Reaction models Block '

e Qt : Parallel
al ndlutllitle_sl framework eonﬁguratl 'Qn mﬁtlﬁ

|| C:;i;::‘;d Cross New optical | | Integration with

implementati platform blocks control ﬁtgms

Fig. 1. A schematic diagram of the LISE" development plans.

The LI2E" software suite is undergoing a major transportation
to a new graphics framework in order to support modern compil-
ers and computing methods.

Gt framework. For compatibility with future operating systems,
the graphics framework is being transported to Qt. Benefits include
provisions for 64-bit operation, cross-platform compatibility, and
the ability to take advantage of computational advances. Qt was
chosen as the graphics framework based on its cross-platform
capabilities, large feature set, and widespread use in cross-
platform C++ applications. Qt is a package of C++ graphics libraries
that has great benefits for developing applications for nearly all
operating systems and devices. The code remains essentially iden-
tical for all platforms, which allows for easy compilation of exe-
cutable programs for any operating system or device. We will
release Windows, Mac, and Linux versions of the software.
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1. Next week : announce to experts about the new version to
benchmark and update their configurations

Porting schedule

LISE++ 13 4 5 beta.exe 2020-05-04 12:56 20M

Contact to us (e-mail)

Register now

General guestions, Reaction mechanism

Operations in MS Windows

Creaton of multiplatiorm versions
Installation of muitiplatform versions

7 k] » 40
2. LISE/t, version can be downloaded free from the LISE site o o | u | =
11-Dec 18- Dec 5-Dec 1-Jan
next week SetupPanel Layout, Tener o1 done|
. . : . StatusBar Im
The official version will be released at the end of January Pots Graphics o1 donel X
Connection done g %
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. L 1] @
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Table of Nuclides sizes done | done I EI g
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Index of /download —————"— a1 done £ s
remake WinHelp links 0.1 done g
Name Last modified Size Description mb&wu m z 8
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Thank you
for your attention!

Be healthy!

Do not forget to download LISE[/,.



