TRIUMF Experiment E614 Beam Note #1

Previous Experience of Beam Line Studies (Review)

V.I. Selivanov

25 May 2000

1.M13 beam line for E185 experiments (P_μξδ/ρ and δ)

Table1.Comparison of surface muon beam tunes on M13 (2mm carbon target)

From Chris Oram, Aug.05,1994

NIM MAY(<1984) NOV(<1984) P, Mev/c 29.5 29.46 29,48 B1(NMR), Gauss -- -- 865.88 B2(NMR), Gauss -- 956.38 942.75 B1, Amps 40.3 39.5 39.2 B2, Amps 44.2 43.9 43.2 Q1, Amps 209 206 202 Q2, Amps 57.3 56.5 56.0 Q3, Amps 130.8 127.3 131.5 Q4,Amps 106.8 99.6 106.9 Q5, Amps 130.8 132.7 131.8 Q6, Amps 52.3 51.0 51.3 Q7, Amps 62.1 58.6 57.2 SX1, Amps Not installed Not installed OFF SX2, Amps Not installed Not installed OFF Vertical Steer on Q7(pot) -- 280 OFF F1HSL(mm), width 10 10 10 F1HSL(mm), pos. 0 0 0 F2HSL(mm), width 10 10 10 F2HSL(mm), pos. 0 0 − 3 Δp/p, % 1.2∗ 1.03∗∗ 1.21∗∗ Min. Δp/p, %, obtainable -- 0.5(FWHM)∗∗∗ -- Beam spot: π beam μ beam μ beam Horizontal: FWHM, (cm) 1.0 1.1 1.4 FWTM, (cm) 2.6 2.2 2.6 Vertical: FWHM, (cm) <1.6 0.8 1.1 FWTM, (cm) n/a 1.6 2.2 Q6 Steering -- 1.5mm/% 0.3mm/% Remarks:

Values of F0VJ and F0HSL are not known.

F3 focus: 103cm from Q7 face.

∗Measured using surface barrier detector and (He_3)_{++} from π.

∗∗Measured using surface μ_+ edge.

∗∗∗Measured using 50Mev/c e_+.

1.2. Muon beam intensity, emittance and admixtures.

�At a typical proton beam current of 100μA, the beam line was tuned to deliver about

15,000 μ_+ per sec in a 1% momentum interval, focused in 0.3-msr cone on a ≅1-cm-radius spot at the muon-stopping target� [Ref.1, p.1971].

It corresponds to the beam divergence of ≅10mr and the beam emittance of ≅100mm⋅mr.

Admixture of π_+ was ≅0.15% [Ref.1, Fig.6].

The e_+/μ_+ ratio depends on steering the proton beam to the edge of production target.

Primary proton beam position about 0.5− 1mm lower the edge provides a minimum value of e_+/μ_+≅1 [2].

Some M13 beam parameters are shown in Figs.1, 1a.

One can see long tails of horizontal muon beam profile in Fig.1a at p=91MeV/c. The long tails are observed at surface beam also (see Fig.4, #3). Muons from the long tail can have

P^μ<1 and decrease therefore P^μξ value. Let me note here that M15 muon beam has not the long tails (see Fig.3.3.2). Big distance between quads for M15 line provides, probably, leaving of a particle with a large initial angle from the line. On the contrary, M13 is very dense line, and it promotes of a keeping of all particles inside the channel.

2. M13 beam line improvement (1984)[3]:

Table 2. Comparison of the measured currents in beam line elements between the initial

(1980) tune and our recent work at 128Mev/c [Ref.3, p.119]

Element Initial tune, A % Difference New tune, A Comments

Q1 909 − 27 713 New longer element

Q2 251 +3 259 Quad moved about 1cm

Q3 573 − 2 563

Q4 468 − 5 446 New coils

Q5 573 − 1 569

Q6 237 0 237

Q7 289 +15 341 Final focus moved

B1 175.1 − 1.3 172.9

B2 193.6 − 1.4 190.9

3. Apparatus for M13 beam line studies

Some apparatuses for measurement of beam emittance and particle separation are shown in Fig.1b.

3.1. Apparatus with two thin scintillators is shown as #1. Two thin scintillators (μ_1 and μ_2) with diameter of 46mm and thickness of 0.25mm serve as dE/dx counter. TRIUMF delay PC serves as 2D detector for X & Y profile measurement. Two thick scintillators (e_1 and e_2) register positron. The apparatus has been used for M13 and M15 beam studies. Results are presented below. Let me call some disadvantages of the apparatus: • Diameter 46mm of the μ-detectors is too small to measure muon profile tails. Counter with diameter ≅75mm is needed for the measurement. Increasing of the diameter of scintillator means a further worsening of e/μ/π separation. Proposed in [5] muon counter with diameter of 75mm can be useful for the beam studies. • Amplitude distributions of pulses from pions and muons crossing with used μ_1 and μ_2 detectors. Therefore π/μ separation quality is not so good. • Part of pions and muons stops in μ_1 or μ_2 scintillator, and decaying positron is register by e_1 and e_2 counters as a beam positron. Distance between μ_2 and e_1 (Fig.1b) must be about 300mm to eliminate the effect. The decaying positron will hit the delay chamber also and distort an initial muon space distribution. This effect can not be removed using the TRIUMF delay PC. We can not increase gap between the PC and μ_1 because muon scattering by the PC requests a further increasing of the muon scintillator size. • TRIUMF delay PC scatters muons and pions because it has lot of materials (thick anode and especially cathode wires). Two our standard PC2 with standard gas (CF_4/ISO), and with standard front end (time + amplitude outputs) are the good substitution. Using of existing PCs with 0.75mm pitch and 1.5mm gap between cathodes requests a measurement of crosstalk value between wires and, besides, does not remove the problem of muon counter diameter increasing to the 75mm.

Results of the M13 beam studies with the apparatus #1 are shown in Figs. 2-5.

3.2. Apparatus #2 with Si-diod was used for M13 beam study near F3 plane and results are shown in Fig.6. Let me mark a full separation of μ and π amplitude distributions (#2 and #3). μ/e separation is not so good (#1). Positron efficiency of the Si-diod is less than 100% (#1). Disadvantage of the apparatus is too small diameter of the used Si-diod (8mm only). Using of a 2D Si-counter with active area of 75×75mm^2 can provide very precise measurement of all beam parameters. Unfortunately it requests some expense for the detector itself and for a front end (several k$). Furthermore, it is open question about a possibility to provide both the time and the amplitude signals from the counter strips.

3.3. Suggested apparatus for more quality studies of M13 beam is shown as #3. PC2 measures an energy loss dE/dx of a particle. 3� scintillator with thickness of 1.5mm (for a surface muon beam study) provides a zero time t_0 for all particles and measures a total energy E_{total} for μ and π, and dE/dx for positron. Values of deposit energy in the PC2 [6] (4mm of DME gas) and in the scintillator (estimation) are shown in Table3.

Table 3. Deposit energies of �surface� beam in PC2 and scintillator particle deposit energy,(keV) positron muon pion

PC2 0.6-2 5-10 10-30

1.5mm scintillator 350 4000+(0-350) from μ→ e decay 3000+(0-4000) from π→ μ decay

Both the PC2 and the scintillator provide good μ/e separation. π/μ separation is not so good for PC2 and bad for the scintillator. A good π/μ separation provides only Si-diod (see above). Some advantages of the apparatus:

• 100% efficiency of positron registration.

• Complete μ/e separation because a positron signal will be much more (about 80e) than the PC2 noise and much more than a PMT noise because the scintillator is glued on photocathode directly. It is important for measurement of long time cloud muon tail.

• Positron/muon decaying backwards from the scintillator will hit the PC2 as before. This particle can be separated by time, amplitude and space analysis of the PC2 signals.

• Low cross talk value between wires because 2mm pitch.

Best way is to manufacture 2 small PC2 with 32 wires per plane. One TDC module (96 channels) and one ADC module (64 channels) can serve the apparatus.

3.4. TEC muon counter (#4 in Fig.1b) can be used for the beam studies. The counter can be used near F3 plane only because a transversal size of the TEC must be less than 30-40mm in order to provide a suitable space resolution. Longitudinal electron diffusion in the TEC with a low pressure gas restricts the transversal size. In addition, ADC outputs are needed from the TEC to provide a π/μ separation. In addition, the TEC does not register positrons.

4. Beam emittance measurement

Direct measurement of muon beam emittance can be done with the TEC counter because a large muon scattering in different apparatuses destroys the beam sufficiently.

Two dimensional beam profile can be measured by the apparatus #1, 2 or 3 at 3-4 positions along Z-axis of the beam line. Discussion and results of the measurement for M15 beam are shown on p.p. 13-17 and in Figs. 3.3.2, 3.3.4.

5. Reference:

1. A. Jodidio, B. Balke, J. Carr, G. Gidal, K.A. Shinsky, H.M. Steiner, D.P. Stoker, M.

Strovink, R.D. Tripp, B. Gobbi, C.J. Oram, Physical Review D34 (1986)1967

2. C.J. Oram, J.B. Warren, G. Marshall, J. Doornbos, D. Ottewell, Preprint TRIUMF

TRI− 80− 1, May 1980

3. TRIUMF Annual Report 1985, pp.118− 119

4. B. Balke, G. Gidal, A. Jodidio, K.A. Shinsky, H.M. Steiner, P.D. Stoker, M. Strovink,

R.D. Tripp, J. Carr, B. Gobbi, C.J. Oram, Physical Review D37(1988)587

5. M.A. Quraan, J.A. Macdonald, J.M. Poutissou, Muon Trigger Scintillator, TN-26,

January 20, 1999

6. D.H. Wright, TN-21, 10 April 1998, Fig.10

5

6

7

8

10

11

12

13

14

15

16

17

18