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Half life of 'Bes*t

Be’" +e 'L +v, estimated t~100 d

AN

Number of stored "Be3* and ’Li3* ions as a function of time

K-shell electron

dNg, _ Ng. Ng, Ng.- Number of Be ions
dt T The - nuclear lifetime
Tg.- Be lifetime in residual gas/cooler
dN,, — Neg _ Ny N, ;- number of Li ions

dt T Ty 7 ;- Li lifetime in residual gas/cooler

= number of stored "Li3* ions as a function of time

t t
N, (t)= Ny _TeeTy; (e W@ fsej Ng- initial number of “Be3* ions
e

T~ Tg

nuclear life time
remark: Li%* not distinguishable from "Be3*

measurement of: N ;(t)+Ng.(t), Ng, T/, Tge = T



Half life of 'Be3*

"Be’" +e 'L +v, estimated t~100 d

T

K-shell electron
example: N,=107 7Be3* E=56 MeV= 15,=240s, t,;= 8400 s (for p=5-10-1! mbar)

number of 'Be3* and 7Li3*

determined by with Schottky noise measurements
1

t t
N .
N, (1) =-—=2 Peelul [e g TBe]

(T T~ Tg

10°,

10*. calculated for

Z - 1=100d
.. decay lifetime
o |+ N=174

100
| number of 7Li3*
number of 'Be3*t ——

0 1000 2000 3000 4000

t(s)
not possible to distinguish between 7Li**and ‘Be3*ions !



Schottky noise power and particle number
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Schottky noise as a function of proton number, measured at the LSR storage ring
(Kyoto University) , T. Shirai et al. PRL 98, 204801 (2007)

phase transition observed in many storage rings at ion numbers: 1000-3000

To determine particle number from Schottky noise: number of particles N>3000



Lifetime determination of ’Be3*

Accumulate 10° ions:

108 ions injected with multi turn injection and 10 ECOOL stacking cycles
filling time = 30 s

107 injected 'Be3*ions R
/ N (1) = Ny ety (e g ]

9 _ T~ Tpge
o number of 7Be3*+ and 7Li3* C? R
which has to be measured

107, decay lifetime
. 10°}
(,’———7 *‘\\\\\\\\\\\
1000, N, .=17400
Be3*ions
10
0 1000 2000 3000 4000

t (s)

remark: 10° ’‘Be3*ions are much below the space-charge limit: N=5.8-10°
this means the life-times g, and 1 ; should not effected by the beam intensity !



Space charge limit due to inchoherent tune

A 2
maximum possible stored ion number: ~ N= —Z—TE .B-B*-y*-£-(-AQ)

q 1
—AQ - possible incoherent tune shift TSR: -AQ~0.065-0.1 for B=1

2

s N1 0.44 q
with 1=q-e,-N-f, and e (% y Ej Mool € N, ~ n, oc B’ (o, =const)
Cool

intensity limit: 1= const( : .q )™ const s calculated from the 2C6* data:
lonm  E[MeV] Intensity [uA] calculation I[uA] stability limit incoherent
p 21 1000 740 tune shift 1 ~1 mA
1608+ | 98 750 1000
12c6+ | 73 1000 1000
s2G16+ | 195 1500 999
5CI7+ | 293 1000 1130

space charge limit "Be3* (E=56 MeV) : 1=1.3 mA < N=5.8 10°



TSR@ISOLDE Schottky pick-up

beam
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Inductivity ">~ resonant at the observed

Schottky band n
Schottky voltage power spectrum

Po(n):Uz(n)lzz( W\ElQ\/l—cos(nZRCI;)j N

n nC 2
power spectrum n- harmonic number of revolution frequency
of a single ion Q-ion charge

Q,,- Q value of LC circuit
N- number of ions



Detection Limit Schottky pick-up at TSR@ISOLDE

Schottky Spectrum is visible if: P,(n) > U

Schottky power

J210

3

Eo(n) = Uz(n)I;I:[ wT e

TU

2

0

frequency spread

r,amplifier A-I:Schottky of Schottky signal:

A1E3chottky =nAp/pnf,

2
L N
1—cos(n ZTCC)] P amplifier noise

For Q,,=1 (non resonant measurement) it follows:

1 x10°

5%x10° . o
detection limit N

2%10°
Z

1x10°

5% 104
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harmonic number —— 1
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d
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Input

lon 7Li** E=56 MeV

Q,,~=1 non resonant measurements
pick-up length: L=0.35 m

C=300 pF

Nn=0.9 (standard mode)

revolution frequency: f,=0.7 10° Hz
amplifier noise: 0.5nV/+/Hz

full momentum spread width:
Ap/p=2- 10



Improvement of noise signal ratio at resonant measurement

P..- Noise of preamplifier (resonant measurement)
Pronresonant- N01S€ Of pre amplifier (non resonant measurement)
pre amplifier: ULNA

pre amplifier noise

Q,, value measurement

701
65 .- 0.016¢
0.014} measurement
70.012»
| = 0.010}
0.008] \ )
0.006 ¢ flt
20} . | i\
- 377000 378000 379000 380000\ 381000
377000 378000 379000 380000 381000 f [Hz] \
f [Hz] . —
Q,, value : Q,=263 normal
_ ¢ SNR Q 263 4 conducting
= Improvement o = = = coil
\/PI'E'S / Pnonres 65
: . 1 1 . " :
detection limit N~ SNRZ 16 —detection limit for ‘Li**~1000 ions (n=1)

remark: to measure “Li3* ion number of = 20000 >> detection limit of = 1000



Contamination of the 'Be3* beam with "Li* ions
'Be* +e"—='Li* +v,  nuclear life time t~100 d

example: N,=10° 7Be3* E=56 MeV= 15,= 2405, 1,;= 8400 s (for p=5-10-1 mbar)
contamination of the 'Be3* heam: 10% 7Li%* ions

107

initial "Be3* ion number: N, . (t=0s)
Li\~ —

Ng,=10°
? NBe(t — OS)
number of 'Be3* and 7Li3*

-5

107

" number of “Li3*

> 1()5§ l ... S L N,,=23600
yan | without contamination:
1000 ? N, =17400
' number of 'Be3t —— ' _ .
- = error In the lifetime <
| Inati ~ 0
0 \ 1000 2000 3000 4000 determination ~ 35 %

t(s)
initial “Li%* ion number: N ;=104
initial ‘Be3* ion number: Ng,=10°



‘Li ion detection by using dielectronic recombination

Be*t +e” = Li¢

proposal by Stefan Schippers

7#.

[+
@ : @
A%+ e (A(q 1+ ) (A(CI-1)+) +h
7 B eZ++7 | | 2+
ionization
detector

| recombination
- detector
+
Li

—

recombined
ions

K-shell electron
dielectronic recombination:
measuring electron capture in the cooler
- at dedicated, ion specific, resonance
_energies. Detector counting rate
proportional to number of 7Li%*ions.
» EXperiment has to be done with injected

Be?* ions. _
counting rate

electron density
& n.=5-10" 1/cm?
electron temperature
BeZ++7|_|2+ T,=0.2 meV

o T,=20 meV
» stored  jon intensity
T ion beam  N=104 7Li2* ions
electron cooler R~051/s

possible problem: electron capture of 'Be?* in the residual gas, which is very low



Long-lived iIsomeric states
Nuclear isomers are metastable excited stated with half live from ns to years
Isomers can be measured with Schottky noise analyses

example: isomeric state measurement of 18/Ta’3*
m g WRe

Single ion detection:
Observing in the Schottky
spectra the decay of

Isomer

. an isomeric state of 187Ta’s*,
= 48 ref. M. W. Reed,
single ion / PRL 105, 172501 (2010)
ground —s;
State 59..1944 59.1946 59.1948 59.195 59.1952 59.1954 59.1956

Frequency (MHz)

GSI: so far singly ion detection with charge states g>59@400 MeV/u,
S.Sanjari private comminication and P. Kienle et al. Physics Letters B 726 (2013)

TSR@Isolde: Isomers will have smaller charge states g compare to isomers
stored at ESR storage ring.
Schottky power: Psyow, ~d° d- ion charge state
=> single ion detection and measuring of isomeric state very challenging



Single 1on detection

Single ion: power voltage spectrum;

P.(n) = U%(n) :( y \fig\/l_cos(nzné-)} Q,,- Q value of oscillator

0 QW:l non resonant measurement

SpeCtrum iS ViSible If P (n) > Ur ow fbandW|dth = (QW) Ur Qw=l " fbandwidth

n harmonic number of f;  amplifier Measuring  amplification of noise

noise band width 5t resonant measurement
Input 0 e
amplifier noise U, -, = 0.50V/+Hz e
measurement: Q,,= 263, o(Q,,=263)=65 IR |
pick-up length: L=0.35 m T 3
total capacity: C=300 pF £ 01
circumference Cy;=55.42 m 4
harmonic number: N=50 001 .
ion charge: Q=q-e :

. . . 0 10 20 30 40 50 60 70
relatively high harmonic number n
was chosen to get larger Af splitting

of the individual lines in the spectrum necessary band width to measure a single

lon as a function of the ion charge state g



Mass measurements In storage rings

revolution frequency f, in first order determined by

Af oty _ Af, :_a A(m/ Q) +(i _ajyz‘/ electron cooling

f f m/ 2 momentl_Jm
Schottky 0 ( Q) ! compaction:

m W Re

i f | ‘r | “J an isomeric state of 187Ta. _Y—/ _AC/C 1 1

30 | |‘ r " | a >
E 36 I I
E :Z I | I

. . |

66 | J‘ ' | i ! '

50.1944 50.1948 sgwa:re:?::':’:g“:'::gz)sg 1954 50.1956

ref. M. W. Reed, — - 2~
PRL 105, 172501 (2010) slip factor: n Ap/p vy ?X

Isochronous mode: n=0 horizontal tune

ESR/GSI: high energies: y=~1.3, slip factor can set up to n=0
operation in synchronous mode possible

TSR@ISOLDE: energies y=1 = for n=0: Q,~1 strongest resonance
In a storage ring, TSR operation at Q,~1 not possible
no synchronous mode possible
ref. M. Grieser et al.,, CERN 94-03 (1994)

many ions: Schotty spectrum width: AfSchottky =nAp/pnf,
more difficult to measure Schotty spectrum
at low ion numbers: Py(n) > U7 ypiier  Afscnoncy



Proton capture reaction for the astrophysical p-process

A+ly(g+1)+ qu++ . A+1Y(q+1)+ N
deteCtOF N\ \Aqu+1)+ p y
chamber 2V gas jet
AX (+1)+ hydrogen
AX (g-1)+ target

ALY (G D)+

—

9 Axq

qu+

stored
ion beam

quadrupole

TSR dipole ‘

separation of reactions
ALy (@HD)+ AX(@+D)+ nuclear:  AXAt+ p ALY @D+ 4 o
and AX(@" from the ijonization: AXAt — AX(@+1)* +o

I AX Qg+ - -
stored ion beam AX recombination: AXa* + e — AX(@D* +e



Separation of ALY @D+ gndAX@+D+
1. Nuclear reactions AX9*+ p — ALY (@) + 4

momentum conservation A-m, -v = (A+1)m,-v v -projectile velocity

v- velocity of A*LY (@+)+
v A- Vp y
(A+1)
s p A A+LY(@)* TSR dipole
rigidity A*Y(@ )= Bp=—=————myV / P
Q (a+De, ~ "7 M AX(qﬂ)A/
2. lonization projectile: AXa* — AX(@*D*++ ¢
rigidity AX@++ Bp= P__A v |

Q (q+le, °° chamber =

=rigidities of AX(@*D+ and A*1Y @+ are equal

= AX @D+ and A1Y @D+ can not separated with magnetic fields !
=AX @D+ and A*1Y @)+ jons are one same detector position
—experiment has to carry out with bare AX9* ions !



Charge State in REXEBIS

Estimated attainable charge states in REXEBIS as a function of ion Z
(ref. TSR@Isolde TDR)
70
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Z of relevant ions to study astrophysical p process: Z>40

=> stripping process after HIE-ISOLDE linac !
example: %Ru (Z=44) E=10 MeV/u equilibrium charge state after stripping:

charge state — | g 42 43 {44 ) +—— bareion
charge distribution —| ¢ 0.985 1.4-10° |6-10° calculated with LISE 9.7.1

il i | R A EEEREEEEEE]
\
3




Upgrade of REXEBIS

A new EBIS, producing much higher charge states is under investigation at CERN

Design parameters HIE-ISOLDE / TSR@ISOLDE breeder
Charge breeder REXEBIS

Electron energy [keV] 150 5
Electron current [A] 2-5* 0.2
Electron current density [A/cm?] 1-2x10% 100
Trap pressure (mbar) ~101 ~101
lon-ion cooling needed YES NO
Extraction time (us) <30 >50

!

new TSR@/Isolde charge breeder

With the new TSR@Isolde charge breeder bare ions up to Z=60 should be possible

Much more details about this project was given by Fredrik Wenander during
this workshop



Pick up reaction with a stored 8Kr3** ion beam
BBK 136+ + p — 87TRPS +y

recombination: 8°Kr36* + e — 86K 35¢
ion orbits of 8’Rb3"* and 86K 3>+

0 —i_ 40

reference system —_—— |
/é\ 0.040 TWin32 version 8.51/15 d I 29/01/‘&'4 20.44.13
. 1 ¥ Y 1P0
gas jet uadrupole 0035
1 P detector M 0.030 X=2.8 cm

—

0.025 86 Kr35+

n chamber 1
- i [ 0.015 -

0.020
o010 outside
0.005 ‘
/ 0.0 -

central orbit  dipole 0005 7
-0.010 -
-0.015 - 27

-0.020 - + —
detector pons Rb X=-2.7cm
plane 0,030 -
-0.035 -
_0040 | —

detector
| _plane




First Order calculation of ion trajectories

gas jet quadrupole

detect
ﬁ n i =D ABp g, _P_mvV
Ll TE ~ Bp Q Q
! .. ABp Am Av A
u | with P _ +—— Q
s=0 dipole / Bp m v Q
Am Av A
detector chamber = x=D,- +—— Q
l m v Q
[1 — []
|l | A |
\ﬁﬁz version 8.51/15 23/04/09 15.00.15 - _
" = eSS S X — horizontal position
=1 | D, — dispersion Function
o] detector Am — mass deviation to central
T plane | particle with mass m
061 | Av — velocity deviation to central
2‘2’ _ Dy~ 1m : particle with velocity m
i L AQ - charge deviation to central

0 : '
60 1 =2 & <4 B85 & 7 3 particle with Charge Q



Reaction Rate

R reaction rate

If ion beam width ©; > Gpeam 5, - target width
_ Gi,n 10N beam width
then R=c-nf,-N G Cross section
n target density
n, = In .ds ~10**1/cm? n, target thickness
f, revolution frequency
projected target density N number of stored ions

ECOOL stacking to fill the storage ring with ions

N = Ninji . Ninj- injected p_arti.cle number
ol T~ COOling time: A
for ax10, 0.03< B <0.16: Tooot ¥ - — 38

example: n ¢
for 86K 36+ E=860 MeV : Nax- Maximum possible electron density
N;,;=5-107-108 ions 7 -life time determined by residual gas
Teoo= 0.8 s (n/N,,,=0.25) pressure/ECOOL (t,) and target thickness (z,):
t,~50s (n/n,,,=0.25) 1 1 1
1~ 9 (electron capture target) —= - + =

Y t

N~ 5.108 stacking: target on > space charge limit
space charge limit: N= 3-108 ions = with =1 mbarn: R~ 23 1/s



Some remarks on 8°Kr3¢* + p— 87Rb37* + y at the TSR
stored ion beam 86Kr36+* E=860 MeV

‘//J;;/ assulmp;;ion: background free ?
\ o= target thickness

fromthe | \ =ARPER n=104 1/cm? 4
target « |
\' 86K I + & " 1 . ‘

R~ 3.4-107 1/s
Ry <8.6-10% 1/s

|I= 1.4 mA< N=3-108

Background: electron capture in residual gas, very sensitive to C,N,O...
Tegp™ D81 s at p=5-10* mbar and normal TSR residual

gas composition

life time © of 86K 36+ —background counting rate for

determined by electron Iy N Teap- Capture life time
capture in the target: "7 c, T,  Co circumference of the TSR
T=9s "1~ distance between two dipole



Can scattered ions hit the detector plane on the inside ?

gas jet quadrupole

5=0 dipole

detector
chamber

ions produced by a pick up reaction
[\% / are deflected to the inside of TSR

+— detector plane

gas jet: elastic scattering: 80Kr3¢+*+p — 8K+ +p

energy as a function of scattering angle  energy as a function of scattering angle
860" ' ' ' ' ] | | |

40 ; 3
| protons with a.>2°
- 86K 36+ 0 300 are suppressed by
Olmax=11.8 mrad | o aperture between
S 20 target and
Bp=1.089...1.0642 Tm " quadrupoles
Bp=0...0.92 Tm
2 4 6 8 i o 0 20 40 60 80
a (mrad)

a (degree)



Simulation of elastic scattered 1on beam

elastic scattered protons lons on the detector plane
cer}ter of stored ion beam 8Kr36*

detector area
10 elastic scatted protons
scattered TN g ole.
protons dipol magnet  [ig a‘
\ ™ quadrupoles -
—-10 elastic scatted 80Kr36*
.\ target position e 50 100 150 200
, , . horizontal T3R x (mm)
acceptance center Of 87Rb37+

860\

beam energy E=860 MeV

elastic scattered 86Kr36+
energy E as a function of

central collision
- scatter angle o




|_aser Spectroscopy of rare Isotopes

The attainable resolution within the TSR is determined by the longitudinal
momentum spread of the stored electron cooled ion beam

At the TSR measured equilibrium momentum spread of electron cooled ion beams
as a function of the particle number (Bp=0.71 Tm, 8=0.11, n,.=8-10° cm-3, B_,,=418 Gauss)

equilibrium of IBS and electron cooling

o D*
~ D . mH
o 10tk 6Lj3* )
b _ |
RMS value . . | S . L
i~ 10° 10°
N

i - A I + 6] 13+ |126+ | 168+
particle number scaling: AP _ N ion| D Lis* [*eC O
P o 022 |0.13 [0.13 |0.13

remark: if the ion intensity is very low (N<1000) the ion temperature is given by
the electron temperature, resulting in an ion momentum spread Ap/p<10-



Momentum spread at very Iow lon numbers N<1000

0.0001 e R B
= K ‘ ‘ 9 :
2 - L« N 1 Measurement done
= . one d_lmen3|onal P . 5 ¢ | with 7 MeV protons
z | ordering FRl ol | at the LSR storage ring,
£07 ”%T -------------------- - Kyoto University
£ N e .
E - equmbrlum
g fﬁ ~ IBSand coollng
S & | 6
= | Ap/p 1. 2 10~

10_6 __ﬁﬂl_i_:_-!ﬁﬂ'ﬁ{n L Ll Ll

100 1000 10° 107 10° 10’

Particle Number
Measured momentum spread as a function of the proton number.

T. Shirai et al. PRL 98, 204801 (2007)

momentum jump at ion numbers N=1000-3000 observed at several storage rings

Below N<1000 IBS is suppressed and the ion beam temperature is in equilibrium
with the electron beam temperature, therefore the ion momentum spread is given by

(kB Cdth)2 2n43

k,T €Ny
B2ym, 2

el

Ap _9y _
p Vv

= for 7 MeV protons:

AP _15.90°
p

where kgT, = pp—
[



nuclear life time t, > cooling time of multi-turn injected ion beam T,

Laser Spectroscopy of rare Isotopes ||

development of a multi-turn injected

after
Injection

counts
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proposed ions

8B+ 2.7 0.77 3%
10C4+ 1.9 19.3 90 %
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In flight beta-decay of light exotic ions

proposed nucleus: °He?*, 1Be** 1SN+ E=10 MeV/A
reaction:®*He—>a+d ''Be—>"Be+p

measuring: emitted light ions with a detector in appropriate position to the ring

detector position should be outside the ring acceptance

horizontal beam envelope vertical beam envelope

[ || || | || l ll [

EMU Ilﬂjﬂli HMH UWE

TSR 20.9.2010 TSR 20.9.2010
0.100 Winsg version §.5J/{5 o 22/Iomft 16.99.15 0.025 Win32version851/15  2201/14 16.09.15

0.075 ] o 0.020 -
i detector position ~+4 cm 0.015 -
0.0501 — 0.010
g 0025 WM £ 0.005
O/ ST SR R [ —— = 00

cn

50,025 > -0.005 1
, ¥ 0,010

-0.050 - -0.015 _‘
0.075{ detector position ~-4 cm \ 0.020 |

'0'1000.0 TTi07 T 200 7 300 7 400 0025 ' | S50V 400 50, e,
s (m) detector posmon ~+2CMg (m)

beam size after multi-turn injection

Ricardo Raabe: all detector can place outside the dynamical acceptance of the ring



counts

In flight beta-decay of light exotic ions 11

nuclear life-time t,, > cooling time T,

development of a multi-turn injected

12C6+ peam

50

ool

electron cooling time
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ECOOL stacking can be applied to increase

lon intensity



Pilot beam

-A lot of experiments at TSR@ISOLDE are carried out with a very week
lon beam not sufficient to set up the storage ring
-to set up the storage ring and cooler: stored intensity I~1 gA
= pilot beam:
a.) with same magnetic rigidity Bp:
Bp = Prit _ P p-jon momentum
Quit Q@ Q-ion charge
—> setting of all magnetic fields doesn’t change
b.) with approximately the same velocity v:
Mpiee M m- ion mass
Qo 0 Q- ion charge

—> all electrostatic potentials (cooler, septum) are roughly identical
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Calculated DR resonances for "Li2*

Rate coefficient (1 0" cm’ 5'1)

calculation done by Stefan Schippers used resonance
*¢r Li2.alpha 20 (GsQA '_

AUTOSTRUCTURE
kT|| =0.2meV, KTl = 20 meV

06L Li“(1s)+e — Li'(ninl) — Li"(1s® + photons

21 3l
21 41

84 86 88 90 92
Electron-ion collision energy (eV)
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Long-lived iIsomeric states

Nuclear isomers are metastable excited stated with half live from ns to years
Isomers can be measured with Schottky noise analyses
example: 18’"Hf 18/Ta, measured at ESR/GSI storage ring

g Ta

187-|—a73+ W

g Re

mi

>

)

m2

e

500202 592204 592206

501947 59195 501953

Frequency (MHz)

single ions
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Example of 30t Schottky
spectra for A=184 and A=187
Isobars and isomers.

ref. M.W. Reed et al. PRL 105,
172501 (2010)

GSI: so far singly ion detection with charge states g>59@400 MeV/u,
S.Sanjari private comminication and P. Kienle et al. Physics Letters B 726 (2013)

TSR@Isolde: Isomers will have smaller charge states g compare to isomers
stored at ESR storage ring.

Schottky power: P,

chottky - q

2

g- ion charge state

=> single ion detection and measuring of isomeric state very challenging



Singly ion detection by observing the decay

-To determine the decay time the number of ions in the Schottky spectrum has to

be known
-Schottky monitor cannot distinguish is there one, two, three ions in the ring !
- Is there a decay where the ion goes from the meta stable state in the ground state
and only one ion in the meta-stable state is stored then Isomer disappear and ion
In the ground state appears:
|somer ground state
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Single ion detection:
Observing in the Schottky
spectra the decay of

an isomeric state of 187Ta,
ref. M. W. Reed,

PRL 105, 172501 (2010)
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Detection Limit Schottky pick-up (cavity) at ESR ring

23826+ E=50 MeV/u ]
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Energy deviation of A*lY @D+ gnd AX@+1)+

oE=E, —E,
A+1y(g+1)+ - v}A\X(q+1)+ ALy (a+)* TSR dipole
E- energy projectile: E,=E | \ : \
5E 1
E 1+ A)
example
AXq+ - 96R |26+ chamber
OE
—=-0.01

E



Dynamical Acceptance
‘ILHJI_IH'DLH_ILU'"‘UJI_HLUF'U'"I_ detector position
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ool 0 | n '\ (. and vertical B Function of TSR
et |\ fi - | standard mode
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o ~1.2m
measurement P
i . . . . . dynamical acceptance

A, =120 mm-mrad
—maximal beam width:

X= VAXBX

X~1.3cm
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Lifetime modification due to gas target

Intensity multiplication factor

1 1 1

T .1, 71, — llfetime due to target density

life-time due to electron capture and residual gas interactions
loss process in the target

1. electron capture

. remark
Schlachter: ~ 1.1-10 ° —0.037E 24410526 _
~ 05 ] ]
E = E/A _M.2 9 «—— cross section in 1/cm?
1.25,,0.7 GC&D 1.8
Zz g T Zz

E projectile energy in keV, A mass number, Z,-target atomic number, g ion charge

example 8Kr36* E=860 MeV
1
= Tep = with nt21014 1/cm? (Hz) = TC

Oeap n, 'fO

p =98 (0=1.63-10%! cm?)



Lifetime modification due to gas target ||

AX
2. single scattering Y g:oolbed
1011 b€am
/ Sac acceptance

-CMS System Rutherford scattering: K‘ ? ellipse
energy laboratory system
dc_l( q-Z-€’ jz 1 ol el

0 _ = acceptance angle laboratory system
dQ 4\ 4.m-¢,-2-E, ) sin*(®/2)

m

=M E tanE,) = NP

: : m+m m
= cross section for particle loss t A/COS((Pac) +mt
et.q*-Z° acceptance angle

rdo - 2, P
C,. = jd—Q-Znsm(@))d@ = - Cot” ( CMS system

ac
Pac S 2

E =

4-m-g-E
A,- horizontal acceptance
A~ vertical acceptance
1 BB, — B function at the target

Gy "Ny - fO

— HKri™ E=860 MeV and n=10*1/cm?: T, 3060s  (negligible)

O, &5 mrad

= life-time T, =



lon momentum spread determined by the transverse electron temperature

lon longitudinal velocity spread o

1 mo; = % k,T T-—iontemperature

lon temperature T given by the electron temperature T, : T=T,

— A _% _ KT  E.jon kinetic energy
PV 2E

There are a longitudinal T, a horizontal T, , and vertical electron temperature T,
where: T, =T,,>T,, and 7, ~Ten T, ~1300K

e, X

A
. — cathode temperature, o - expansion factor of electron beam a~10

TC
: 5% 105
With T~T,, we get: |
AP [KoTean 2% 107!
p a2E
o
a1x 10_5;
< [
5%1076
2x 10
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Decreasing the cooling time by emittance reduction
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