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Ø Hypernuclear database

Λ Binding Energy of  Hypertriton

p n

Λ

Hypertriton
d-Λ binding system

Ø Still large experimental uncertainties:
STAR 2020 : 0.406 ± 0.120(stat.) ± 0.110(syst.) MeV
ALICE 2021 : 0.050 ± 0.060(stat.) ± 0.100(syst.) MeV

Ø Value still dominated by Emulsion data – 77 %

Precise measurement is needed!

https://hypernuclei.kph.uni-mainz.de/
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Decay-pion spectroscopy 
at MAMI

3HΛ

A. Esser, S. Nagao et al., PRL 114 (2015) 232501. 

KAPITEL 6. AUSWERTUNG

die sich ein besseres Signal-zu-Untergrund-Verhältnis erwarten lässt. Weil sich keine signifi-
kanten Unterschiede zwischen den Schnitten feststellen ließen, werden für sie durch Bildung
des Mittelwertes einheitliche Werte verwendet.

Das somit bestimmte Spektrum ist in Abb. 6.17 dargestellt. Eine Anpassung an die Spitze
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Abbildung 6.17: Kombiniertes Impulsspektrum der Zerfallspionen aller Datensätze des neuen
Experiments. Das Signal von 4

�
H tritt deutlich hervor, andere monoenergetische Spitzen heben

sich jedoch nicht vom Untergrund ab.

von 4

�
H liefert eine Signifikanz von 5, 1 mittels der Profile-Likelihood-Methode, diese ist aus-

reichend, um die Beobachtung des Signals unabhängig von den Daten der letzten Strahlzeit
zu bestätigen. Die Position wird dabei zu 132, 866 keV/c bestimmt, was sehr gut mit dem
gewichteten Mittelwert der Einzelmessungen übereinstimmt.

Neben dem Signal von 4

�
H zeigen sich jedoch keine weiteren augenfälligen Spitzen im Spek-

trum. Um für jede Klasse eine lokale Wahrscheinlichkeit für ein echtes Signal angeben zu
können, wird die Signifikanz über den Z-Wert

Zssb = SÔ
S + B

(6.37)

abgeschätzt. Da dieser die Unsicherheiten der Anzahl der Signalereignisse S und Unter-
grundereignisse B außer Betracht lässt, kann die Signifikanz dadurch sowohl unter- als auch
überschätzt werden [106]. Der Wert wird für jede Klasse im Spektrum ermittelt, indem der
mittlere Untergrund U in einem Intervall von 4 MeV/c um die Klasse durch das arithmetische
Mittel bestimmt wird. Klassen die weniger als 100 keV/c vom Schwerpunkt des 4

�
H-Signals ent-

fernt liegen werden dabei nicht berücksichtigt. Zur Bestimmung des Signals werden n Klassen
um die untersuchte Klasse i im Spektrum herangezogen und über die Zahl ihrer Einträge N
wird die Zahl der möglichen Signalereignisse

Si =
i+nÿ

j=i≠n

Nj ≠ Uj (6.38)

berechnet. Wie viele Klassen zu berücksichtigen sind hängt von der Klassenbreite und der
Breite des Signals der Zerfallspionen ab. Die Klassenbreite wurde identisch zu den Spektren

122
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F. Schulz, Doctoral thesis, J.G. Univ. of Mainz (2015)

2012

2014BΛ = 2.12 ± 0.01 (stat.) ± 0.09 (syst.) MeV

BΛ = 2.157 ± 0.005 (stat.) ± 0.077 (syst.) MeV

4H:Λ

Ø Suppression of systematic errors
Ø Ensuring the yield of  3H

the new experiment

Λ

(2012)

(2014)
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Setup for the experiment

Ø Short central orbital length (~ 6.4 m)
→ Suitable for short-live kaons (cτ ~ 3.7 m)

Ø Wide momentum acceptance
→ High yield of kaons

Detection of kaons
→ Identify hyperon production events

Spek-ASpek-C

Kaos

e– beam

π–

to dump

Li target

K+

Kaos

Magnetic spectrometer A & C

Ø Offer high momentum resolution of ~10-4

Ø calibration limited to 10-4  by MAMI energy

Coincidence events:  Kaos and (A or C)
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Setup for the experiment
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▲Both of spectrometers 
covering momentum range
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◀ Kaos can see protons & pions
presice calibration is needed

to see Kaons

calibration is
ongoing!
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Suppression of systematic errors

P. Klag et al. Nuclear Inst. and Methods in Physics Research, A 910 (2018) 147–156

Fig. 1. Schematic drawing (not to scale) of the novel method for absolute beam energy measurements comprising two spatially separated sources of coherent light at an electron beam
and an optical interferometer system. Relativistic electrons (e*) pass through the two sources (S1 and S2 separated along the axis by a variable distance d) and produce wave trains of
coherent light (T1 and T2 separated by a difference �). A monochromator serves as a Fourier analyzer of the wave trains and a position sensitive optical detector is used to observe the
interference. The intensity for a selected wavelength �rad varies periodically with the distance d as shown to the right. The oscillation length �osc is directly related to the Lorentz factor
� =

˘
�osc_2�rad when observed on-axis.

Fig. 2. Schematic drawing of the cross section of the undulators in the middle plane. The
yoke (A) of 500 mm length connected the pole pieces, all parts made from Armco iron.
Each of the 13 alternating magnetic pole pairs (B) were driven by individually controlled
currents through copper coils (C) that were separated from the beam pipe (D) by spacers
(E). The undulator period given by this geometry was �U = 80 mm. A coordinate system
was used in which z is in beam direction, y is in anti-gravity direction, and x in transverse
direction.

for a selected wavelength of the radiation. The intensity I = A2 of the
two interfering sources is given by:

I(✓, d) = A12 + A22 + 2A1A2 cos
2⇡�(✓, d)

�rad
. (3)

A monochromator can serve as a Fourier analyzer of the wave trains.
If both wave trains interfere in a position sensitive detector and d
is varied by moving one of the sources, then the revolving phase
�(✓, d) can be observed as intensity oscillations with oscillation length
�osc = 2�2�rad(1 + �2✓2)*1. For a wavelength �rad selected by the
monochromator and on-axis observation at ✓ = 0, the oscillation length
directly relates to the Lorentz factor �,

�2 = 1
2
�osc
�rad

, (4)

which was first pointed out in [18]. Both �osc as well as �rad can be
measured with very high precision. The method is independent of the
nature of the emission process, provided that the produced light is
coherent.

5. Experimental setup

5.1. Undulator pair

To realize beam energy measurements in the range of 100 to
200 MeV with synchrotron radiation interferometry, an undulator pair
with an undulator parameter K = 0.934 � B0[T] � �U [cm] Ì 1 and
wavelengths in the visible range are practical. Such wavelengths allow
the use of high-resolving optical monochromators and spectrometers.
Fig. 2 shows a drawing of the cross section of the undulators in the
middle plane. The number of periods in each undulator was n = 13.
An undulator period of �U = 80 mm and magnetic field amplitudes
of B0 = 130 mT were achieved with normal conducting coils, where

Fig. 3. Photograph of the setup used for the pioneering experiment at the electron
beam line, taken when the two undulators were separated by the maximum distance of
d = 500 mm. The electron beam entered from the left. A high-precision linear stage (A)
could move undulator U2 away from undulator U1 as far as 500 mm along the beam axis
with a step motor (B). Longitudinal alignment of the undulator pair with respect to beam
line elements was done by an aluminium profile (C) of 80 mm height. An aluminium base
(D) could be moved by a motor (E) perpendicular to the beam direction. The adjustment
of the angle to the beam line was achieved with sub-mrad precision by metric fine threads
(F) holding another aluminium base (G). A welded steel construction (H) supported the
setup. The height of undulator U1 was aligned with respect to U2 using four threads (I).

the current through the coil pairs could be individually controlled. The
resulting undulator parameter was K ˘ 0.97, for which wavelengths
near 400 nm were expected in the synchrotron spectrum.

Fig. 3 shows a photograph of the setup at the electron beam line.
A high-precision linear stage could move undulator U2 away from
undulator U1 a distance d between 0 and 500 mm along the beam axis,
thus covering approximately 4ù �osc in one beam energy measurement.
The position was given by a rotational sensor counting the turns of
a spindle. The heights of the undulators were aligned with respect to
each other. In order to correct the orientation of the undulators against
each other, one of the undulators could be tilted. The adjustment of
the angle to the beam line was achieved with sub-mrad precision by
tilting the aluminium base. Longitudinal alignment of the undulator pair
with respect to beam line elements was done by an aluminium profile.
Angular misalignments can cause contributions to the oscillation length,
so stiffness against torsion or bending of the setup while moving the
undulator was crucial. A welded steel construction supported the setup.

5.2. Undulator fields

To minimize systematic uncertainties in the beam energy measure-
ments, the beam inside of the two undulators should follow identical
trajectories and the light emission cones from the undulators should
be on-axis. The beam deflection angle is proportional to the integral
along the z-direction over the magnetic field projected on the beam
momentum:

⇣ (z) = e
me�c  

z

0
By(z®) dz® . (5)

149

P. Klag et al., NIM A 910 (2018) 147–156 S. Tomita, Master thesis, Tohoku Univ. (2016)

Precise field measurement 
of an Acc. dipole magnet

Interference of undulator radiation

Undulators

UV camera

Interference pattern

Light from two sources

Relativistic γ via 
undulator eq.:

→ Precision of 
18 keV possible 
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Target design of  7Li

beam

K+

π–

e– beam

Li target

Spek-A

Kaos

• Beam direction – 45 mm long
→ Maximized rate of hypernuclei

Yield estimate:
3H factor of ~10 lower than 4H
→ Higher luminosity is needed! 

9Be 47mg/cm2, 40 – 60 μA 7Li 2430 mg/cm2, ~1 μA

• Less background as 9Be

Λ Λ

linear & 
rotary motorsNo heavy He with 

similar decay pion momenta:
7He: 115.7 8He: 116.5  [MeV/c]
(3H: 114.3 MeV/c) 
Λ Λ

Λ
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Summary
Ø Beamtime schedule 2022

Ø Momentum setting to observe both of  3H and  4H

Ø New target system → suppress BG & higher luminosity

Ø New calibration via undulator light interference → minimize syst. error

Our goal: total error of ± 20 keV in Λ binding energy

July 11th – Aug. 1st : Commissioning run 

(Kaos started up again, confirmed coincidence peak)

Sept. 16th – Oct. 17th : Physics run → ongoing!

Apr. – May 2023 : Spectrometer calibration run

Λ Λ

p n

Λ


