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• Magnetic Spectrometer

• Hyperfragment decay pion spectroscopy at electron accelerators

• Magnetic spectrometer: absolute calibration by TOF

• Magnetic spectrometer: absolute calibration by (e,π) TOF difference

• A new picosecond timing technique with RF PMT based Cherenkov 
detector

• Results of MC simulations

• Summary

Outline
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• Magnetic spectrometer is a basic equipment for momentum 
analizing in high energy nuclear and particle physics 

• High resolution magnetic spectrometers can provide

∆p/p < 10-4

• High resolution: fine structure; new phenomena

• Absolute calibration of magnetic spectrometers typically is 
about 10-3

• High precision: check of theory 

Magnetic Spectrometer
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VΛN(r) = Vc(r) + Vs(r)(SΛ*SN) + VΛ(r)(lΛN*SΛ) + VN(r)(lΛN*SN) + VT(r)S12

YN B (3
H) B (4

H) B (4
H* ) B (4

He) B (4
He* ) B (5

He)

SC97d(S) 0.01 1.67 1.2 1.62 1.17 3.17

SC97e(S) 0.10 2.06 0.92 2.02 0.90 2.75

SC97f(S) 0.18 2.16 0.63 2.11 0.62 2.10

SC89(S) 0.37 2.55 Unbound 2.47 Unbound 0.35

Experiment 0.13 ± 0.05 2.04 ± 0.04 1.00 ± 0.04 2.39 ± 0.03 1.24 ± 0.04 3.12± 0.02

Hyperon Nucleon  Interactions

Accurate values of binding energies B of light 

hypernuclei is extremely important and needed for 

parameterization of the two body effective potential!!!

High precision -spectroscopy has been successful for the spin 

dependent terms but unable to measure  binding energies
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Magnetic Spectrometers at MAMI, Mainz

Basics of Magnetic Spectrometer: Bρ = p/q, q-is known, ρ-is determined by 

traektory measurement  with error 0.0001, B-is known with typical precision 0.001 
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Depicted from P. Achenbach 2015, PRL

Absolute calibration is realized by electron elastic 

scattering refering to beam energy  



MS Absolute Calibration by TOF
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From TOF concept for particles with identical flight length - L and p 

we have
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From these two equations
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HπS Calibration: MC simulation

Incident parameters: pπ = 100 MeV/c, σp= 200 keV, L = 3.5 m, σt = 20 ps. 

(a) Measured (simulated) 100 MeV/c pion TOF distribution 

(b) Pion momentum distribution (reconstructed from measured electron and pion TOFs)
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Pion momentum can be 

determined by TOF 

measurement of prompt 

pions and electrons with 

in accuracy < 10keV/c

in the momentum range 

Pion momentum range

≤  140 MeV/c
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Decay Pion Spectrometer: Absolute Calibration by TOF Difference
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π-

Schematic of the experimental setup

e-, π-

Time structuer of the incident beam

Time structuer of  promtly produced 

particles
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MS Calibration by TOF Difference: Theory

ee Ttt  
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MS Calibration by TOF Difference

Practical Implementation

p
ePor

L
are known with error 1:1000 

is known with error 0.5 mm 

00 TXTNt ii

 

00 TXTNt j

ee
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e 

0T Period of the RF Voltage -is 

known with high precision 

N eNand
Can be determined 

by using L and P 

X

eX

The schematic layout of the Cherenkov TOF detector with RF phototube

Synchron with incident electron bunches 

,e
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MC Simulation of the Cherenkov TOF Detector

• Radiator of finite thickness

• The transit time spread of Cherenkov photons 
due to different trajectories

• The chromatic effect of Cherenkov photons
(n = 1.82 ± 0.008)

• The timing accuracy of RF phototube (σ = 10 ps)

• The number of detected photoelectrons -100 cm-1
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Time distribution of Cherenkov detector: p = 133 MeV/c pions in 2mm PbF2
PE’s (c). 

PE’s (c). Single  Cherenkov 

photons 

Single 

Photo-Electrons 

Mean of 20 

Photo-Electrons 
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Time distribution of Cherenkov detector: p = 133 MeV/c electrons in 2mm PbF2
PE’s (c). 

PE’s (c). Single  Cherenkov 

photons 

Single 

Photo-Electrons 

Mean of 20 

Photo-Electrons 
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MC: TOF distribution of electrons and pions in a MAMI Spekt B
PE’s (c). 

PE’s (c). 

TOF of electrons 

ps 

TOF of pions

ps

Spekt B: L = 853 cm ,                  cm ; P = 133 MeV/c,                  keV/c. 

2.28453av

et

8.41244avt

0.1L 100p
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MC: TOF difference and momentum  distributionsPE’s (c). 

PE’s (c). 

TOF difference 

ps 

Momentum determined 

by TOF difference

Spekt B: L = 853 cm ,                  cm ; P = 133 MeV/c,                  keV/c,                 ps                      0.1L 100p 10t

4.12792 ett

Magnetic Spectrometer

absolute calibration 

with an accuracy less 

than 1:10000 is 

achievable!!!
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Average time is 10 s,

each record is a result of 

summation of 2×109 events

Cherenkov radiation dedection by 

circular scan streak camera 

opereting in a Synchroscan mode

Time stability ~1ps/hrs
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Summary

• Absolute calibration of magnetic spectrometers by TOF difference of pair of 
particles at RF driven accelerators is possible

• RF PMT based Cherenkov detector is a proper technique for such an 
application

• MC simulatuions demonstrated that the Magnetic Spectrometer absolute 
calibration with an accuracy ≤ 1:10000 is achievable

• Any pair of particles with different mass, such as (e,π); (e,K); (e,p) and etc, can 
be used. The momentum of one of particles

P ≤ mc

where m is a mass of the particle, c velocitiy of light.

Thank you for your attention


