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Introduction
• N.Charitonidis, C.Mussolini are designing the 
low momentum beamline 

• In this talk an initial idea of necessary beam 
instrumentation will be discussed 

• as a start point of discussion 

• need optimization
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Low-E beam momentum rage : 1-15 GeV/c 
Particle composition : π, K, p, e, μ



Requirements on beam 
instrumentation

• Trigger 

• Particle identification for π, K, p (also, e ?) 

• Beam profile measurement for beam tuning 

• Particle-by-particle momentum measurement



Time-of-flight, Trigger
• Possible inst. : plastic scintillation counter 

• Distance between two TOF counters will be 
30~50m

Possibility for a low-E beam to serve 
NA61

• Study of a transparent, low energy ‘branch’ upstream the NA61 target
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Reorganize this zone to accommodate a  ~50 m 

beamline able to provide 1 – 10 GeV/c hadrons+electr. VERTEX

TPC

NA61 BPDs, 

trackers, WC 

~50m
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Particle identification
• Gas Cherenkov counters (threshold type) 

• Similar to one used in H2-VLE 

• 2 m long chambers 

• assuming CO2 gas filled 

• two counters with different pressures to 
cover a wide momentum range
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Pth : Chrenkov threshold pressure [bar] 
m : particle mass [GeV/c2] 
p : particle momentum [GeV/c] 
n0 : refractive index at 1bar 
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Momentum measurement
• Momentum spread after the collimator will be 5-10% 

• It can be reduced with the momentum measurement by profile monitor  

• need to consider this necessity in term of requirements from physics targets 

• it is beneficial to keep the beam intensity
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• Similar to the existing VLEs, momentum measurement 
utilizing beam profile monitor is possible solution 

secondary electron beam down to with a reasonable rate can be produced
at the primary target, they were passed through the VLE setup (of course without
inserting the T48 target) in order to cross-calibrate the high energy and the very
low energy momentum selection.

The position of the third and fourth bends is a mirror image of the first two
such that the beam is naturally brought back on the same line. The four MBPL
magnets are powered in pairs, with the magnets within a pair connected in series:
first and second MBPL as BEND-7, third and fourth MBPL as BEND-8. All the
quadrupoles are individually powered.

2.3 Beam spectrometer

With the momentum defining collimator at full opening, the momentum accep-
tance of the VLE beam is 4.5%. Although such a resolution is quite acceptable
in most cases, the beam line is equipped with a spectrometer that can be used to
measure the momentum of individual particles. The spectrometer consists of three
delay wire chambers located around the fourth bend as shown in Figure 6. Using
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Figure 6: Geometry of the VLE spectrometer for momentum analysis.

the two chambers downstream of the magnet (Spect-3 and Spect-4 in the figure)
and assuming the rotation point at the magnet center the angular deflection of each
particle can be determined as

(1)
where are the distances of the three
spectrometer chambers as shown in the figure, is the nominal bending angle of

and are the reconstructed coordinates. The chambers have

10

cos ✓ =
L1(L4 � L3) + (x0 � d1 � x1)(x4 � x3)p

L2
1 + (x0 � d1 � x1)2

p
(L4 � L3)2 + (x4 � x3)2
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an aperture of and a resolution of about , which gives an
overall precision of 0.5% for the individual particle measurement.

From the angular deflection the momentum of the particle can be determined
from the well known relation:

(2)

where is the field integral of the magnet that corresponds to the current
value set. For the case of electrons, the energy loss due to synchrotron radia-
tion in the dipole field has to be taken into account. For a electron it
corresponds to about or 0.01%.

2.4 Particle identification

For the particle identification, i.e. electron to pion (hadron) separation, a threshold
Cherenkov counter is installed in the space between the third and fourth bend
upstream of the first spectrometer chamber (see figure 1). The counter has an
active length of and is filled with He gas. In Figure 7 the threshold pressure
for different particles as a function of the momentum is shown, indicating that

separation is rather easy at the full VLE beam momentum range. Using the
PDG formula for a counter, set at pion threshold we should expect about 340
photoelectrons for electrons at which should be easy to detect, even after
dividing by a factor of two due to different efficiencies, etc.

3 VLE beam performance

The commissioning of the VLE beam was performed during the third week in Au-
gust 2003. The beam was delivered to a common setup of the ATLAS Transition
Radiation Detector (TRT) and barrel hadronic Tile Calorimeter (TileCal).

In Figure 8 the beam profiles measured at the spectrometer chambers are
shown. At the experiment, after the two QPS magnets providing the final fo-
cusing, the beam is made almost parallel to match to the size of the experimental
trigger counters of .

Using the data from the spectrometer the beam momentum of individual par-
ticles was calculated, as shown in in figure 9. The width of the distributions in-
creases with increasing mean momenta being defined by the collimator slit to be

. All nine spectra are recorded with the collimator fully open. For
the case a scan of the momentum defining collimator was made, with its
jaws closed to half width, once located on the positive and once on the negative
side. The result is shown in the lower right plot where, as expected, the mean
momentum is shifted to a lower and respectively higher value.
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• Expected dp/p
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0.2mm position resolution in the detectors increases to 1.5% and gets to about 6% for the lowest 
energy point of 0.4 GeV. 

 
Figure 19: Reconstructed momentum byte for a beam of 12 GeV, ignoring the material on the beam line. 

 

 

Figure 20: Reconstructed momentum byte for a beam of 0.4 GeV, taking into account the material on the 
beam line.  

 

interactions with the air molecules. The signal is collected
through a front-end board, comprising 6 CITIROC appli-
cation-specific integrated circuits (ASIC), that process and
discriminate the SiPM signals. The discriminated digital
output is sent via a Xilinx field programmable gate array
(FPGA) to the back-end VME-FMC carrier (VFC) board, a
Versa Modula Europa (VME) digital acquisition electronics
system that communicates control data and decodes the
data stream arriving from the front-end board. The VFC
is fully compatible with the White Rabbit technology [22]
that has been chosen for the timing information of the
events with sub-ns accuracy, also for the NP-04 detector.

The trigger planes (“XBTF”) are of very similar conceptual
design, with the main difference being that the fibers are
grouped in two bundles, while the readout is done via two
“conventional” photomultipliers (PMTs) (Hammamatsu
H11934-200). The analog signals from the two down-
stream XBTFs are sent to a programmable delay module
that puts them in a two-fold coincidence. The trigger signal
is then sent to the experiment as well as to the backend
electronics of the XBPF modules. The two different
modules are shown in Figs. 11 and 12. Using the
XBPFs and the XBTFs, every trigger event is being
precisely timestamped using the White Rabbit common
clock, shared between the beam instrumentation and the
detector data acquisition (DAQ) system. In addition, the
integrated beam intensity for all the trigger particles is
measured and provided.

B. Time-Of-Flight (TOF)

A time-of-flight measurement system was implemented
by connecting the signals from the upstream and down-
stream XBTFs, as shown in Fig. 10, to a time-to-digital
converter (FMC-TDC [23]). The TDC was configured to
use the reference White Rabbit clock in order to define
timestamps on all the beam events, with a precision of
81 ps. The total resolution of the system has been measured
offline to be ∼900 ps. The distance between the two trigger
planes used for the time of flight is 28.575 m. An example
of the particle identification performance at 1 GeV=c is
shown in Figure 13.

C. Cherenkov detectors

The beam line was equipped with two kinds of threshold
Cherenkov detectors, frequently used in many of the CERN

FIG. 11. XBPF module, used as beam profile monitors. The
fibers are read out by 192 SiPMs coupled with CITIROC ASICs,
that transfer the signal to the back-endVFC as discussed in the text.

FIG. 12. XBTF module. The fibers are grouped in two clusters
which are read-out through conventional PMTs. The coincidence
signal of the three XBTFs is forming the beam trigger, which is
sent to the experiment as well as to the XBPF monitors.
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FIG. 13. Particle identification with the combined use of
Cherenkovs and time of flight techniques. At 1 GeV=c, and
when the low pressure Cherenkov does not give signal, pions/
muons can be identified with a peak around 95 ns and protons
around 130 ns.

A. C. BOOTH et al. PHYS. REV. ACCEL. BEAMS 22, 061003 (2019)
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σ~0.3mm

profile monitor w/ 
scintillation fiber + SiPM

simulation results (H2-VLE) 
w/o any effect of material in the beamline

dp/p ~ 2% is expected

Similar simulation study including 
the material effect is desired



Beam position detector 
• Beam size will bee increased for the low 
momentum beamline 

• Plan to put a “wide-area” beam position 
detector (BPD) in the front of the NA61 target
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Idea of “wide-area” BPD 
• Silicon strip detector (SSD) which is commercially available at Japan 

• Plan to proceed R&D of readout electronics etc. and make it ready for the 
low-E beamline construction 

• primary option of the readout electronics is based on APV25+SRS (CERN 
RD51)

Siストライプディテクタ

S13804

高エネルギー粒子位置検出用片面SSD

浜松ホトニクス株式会社 1

Siストライプディテクタ (SSD)は、基板上に数μmから数十μm幅のPN接合 (粒子検出構造)がストライプ状に形成されたSiフォト

ダイオードです。J-PARCミューオンg-２／EDM実験*用に開発されたSSDで、高エネルギー粒子の入射位置を高精度に検出する

ことができます。約97 × 97 mmの有感領域をもち、広い範囲の位置検出が可能です。

構成

項目 仕様 単位

タイプ PolySi-bias AC-readout -
Si厚 320 ± 15 μm
Si結晶面方位 <100> -
チップサイズ (98770 ± 20) × (98770 ± 20) μm
有感領域 97280 × 97280 μm
ストライプ配列 512 ch × 2列 -
ストライプ数 1024 ch
ストライプピッチ 190 μm
ストライプインプラント幅 80 μm
ストライプ読み出しAl幅 90 μm
読み出しパッドサイズ 165 × 100 × 2 μm

絶対最大定格

項目 記号 条件 定格値 単位

逆電圧 VR 200 V
動作温度 Topr 結露なきこと* -20 ～ +60 °C
保存温度 Tstr 結露なきこと* -40 ～ +100 °C
* 高湿環境においては、製品とその周囲で温度差があると製品表面が結露しやすく、特性や信頼性に影響が及ぶことがあります。

注) 絶対最大定格を一瞬でも超えると、製品の品質を損なう恐れがあります。必ず絶対最大定格の範囲内で使用してください。

電気的および光学的特性 (Ta=25 °C)
項目 記号 条件 Min. Typ. Max. 単位

降伏電圧 VBR 200 - - V
暗電流 ID VR=200 V - - 3 μA
全空乏化電圧 Vfd - - 100 V
不良ストライプ率 - - - 5 %
PolySi抵抗 Rpoly 5 10 15 MΩ

*  http://g-2.kek.jp/portal/index.html
http://epp.phys.kyushu-u.ac.jp/index.php?g-2 (九州大学素粒子実験研究室)

用途

 高エネルギー粒子検出

特長

 高耐圧

 高放射線耐性

 低暗電流

Si strip detector(Hamamatsu S13804)

0.19mm pitch x 512ch x 2



Summary of initial idea of 
beam instrumentation
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Summary
• Initial idea of beam instrumentation is discussed 

• Further study and optimization are necessary 

• PID method for p > 5 GeV/c 

• Momentum measurement simulation including 
effect of materials in the beamline 

• Detailed design of each instrumentation including 
choice of detector technology will be also performed


