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Upgrading the IMS by measuring 
velocity of stored ions
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I.1 Motivations:

ESR

GSI
Germa
n

CSRe

IMP
China

R3-Ring

RIKEN
Japan

ESR(GSI) CSRe(IMP) R3-Ring(RIKEN)
Circumference[m] 103.36 128.80 56.13
Bp [Tm, max] 0.5--10 0.6--8.4 --6.43
ΔB/B ≤ 2×10&' ≤ 5×10&) ≤ 10&'



I.2 Motivations:
The principle of IMS:
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45Cr 23Mg 51Fe

I.3 Motivation:
Method 1: Improved IMS by tuning 𝛾8
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45Cr 23Mg 51Fe
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I.3 Motivation:
Method 2: Improved IMS by reducing acceptance.



45Cr 23Mg 51Fe

I.3 Motivation:
Method 3: measuring velocity.
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See NIMB 378,311
(2016) for detailed 
Formula.
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45Cr 23Mg 51Fe

𝑇T − 𝑇U
𝑇T

=
𝛾T?

𝛾8?
− 𝟏

𝑣T − 𝑣U
𝑣T

∆𝑇T =
𝛾T?

𝛾8?
− 𝟏

𝑣T − 𝑣U
𝑣T

𝑇T𝑇U = 𝑇T − ∆𝑇T

∆𝑇
𝑇
=

𝛾?

𝛾8?
− 1

∆𝑣
𝑣

Principle

See NIMB 378,311
(2016) for detailed 
Formula.

I.3 Motivation:
Method 3: measuring velocity.
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20172005 2013 2015 2016

Proposed
first time.

1st IMS @ double
TOF with 78Kr

2nd IMS @ double 
TOF with 36Ar

3rd IMS @ double 
TOF with 40Ar

58Ni

1.4 History of IMS@double TOF

Advantages:
pImprove resolution for all nuclei.
pDon’t lose valuable statistics.
H Geissel and Yuri; JPG31(2005)S1779; 
A. Dolinkskii et al.,NIMB266(2008)4579;
YM Xing et al., Phys. Scr. T166 (2015) 014010;
X Xu et al.,CPC 39(2015)2015; P Shuai et al;NIMB 376(2016)311;



DT

TOF
detector

CSRe

CSRm

SFC
SSC

2 the HIRFL-CSR Lanzhou,China

𝐿 = 18034	 1 𝑚𝑚
TOF~88 ns
𝜎+ = 18	𝑝𝑠, 𝜎6 𝑣^ ~5 ∗ 10&)



2017.12.24 21:00~12.26 7:00,34 hours,
58Ni19+(428.05MeV/u,7×10F𝑝𝑝𝑠)+

15mm Be, 𝐵𝜌ab;cc?&deaf = 5.4713	𝑇𝑚, 𝛾8 = 1.36.

Setting

𝝈𝑻 =
∑ 𝑻𝒊 − 𝑻l 𝟐𝑵
𝒊o𝟏

𝑵

�

No velocity 
corr.

With velocity 
corr.

44V g.s. + is.(~270keV) 52Co g.s. + is.(~380keV)

3.1 Revolution time
The ground state and isomer of 44V and 52Co

No velocity 
corr.

With velocity 
corr.





3.2 Revolution time vs orbital length 
No velocity correction



3.2 Revolution time vs orbital length 
With velocity correction



3.2 Revolution time 
No velocity correction



3.2 Revolution time
With velocity correction



3.2 Revolution time vs orbital length 
No velocity correction



3.2 Revolution time vs orbital length 
With velocity correction



3.2 Revolution time
No velocity correction



3.2 Revolution time
With velocity correction



4. Summary
p The isochronous mass spectrometry was

successfully upgraded by measuring the velocity of
stored ions using two time-of-flight detectors at
Lanzhou. The precision of velocity qr 6⁄ ~10&) was
achieved.

p The resolution is improved by velocity measurement.
The data analysis is still going on.
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