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Feasibility Study - setup limited

PMQ Triplet: (T-PMQ)
2 x T-PMQ – 1st ahead of the plasma IP & 2nd after exit ahead of spectrometer
1 adjustable focus T-PMQ – ahead of the IP
fixed focus T-PMQ – after plasma exit
needed to increase beam density

an F-DD-FF style triplet.

Figure 4.2: CAD drawing of adjustable focal length PMQ triplet

The PMQs are mechanically supported by three precision ground rods affixed to the

vacuum side of a Conflat flange. Linear vacuum feedthroughs attached to each PMQ mod-

ule allow for independent longitudinal adjustment of the PMQs, which allows focal length

adjustment and on the fly tuning. A CAD rendering of this system is shown in Figure 4.2.

Although this system was designed to operate at higher energies (up to 90 MeV) compared

to ATF (~60 MeV) basic beam dynamics and modeling using Elegant indicate that focusing

the beam to mm scale beta functions and several micron RMS transverse sizes is well within

reach.

A major concern, however, was the potentially degraded field quality of the PMQs. In the

course of previous experiments, there was clearly some damage inflicted upon the magnets

(Figure 4.3), likely from a combination of laser and electron beam. As such, it was necessary

to perform some basic measurements to verify that no major variations in the magnetic field

quality had been sustained. Accordingly, full transverse field maps of the PMQ system were

measured over the full length of the PMQ triplet using a miniature Hall probe mounted to a

three axis mover. A stream plot of one longitudinal slice is shown in Figure and illustrates

that at least the dominant quadrupole moment has not been drastically altered. For a more

quantitative approach, the measured transverse vector fields are fit to a multipole expansion
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Discharge capillary
Discharge struck - plasma builds up to its highest density 
Density decays to lower values - over several μs
Stationary conditions - few tens of ps e-beam traversing

Discharge vs. e-beam – relative timing – density choice
NEED ionization laser (lower pressure)

where ��1/2 is the FWHM of the measured profile in Angstroms and ↵1/2 is a density and

temperature dependent parameter. Values of the ↵1/2 parameter are tabulated for many

densities and temperatures in various references, i.e. [90]. The FWHM is determined from

the data using two different fitting methods. The first method is to directly fit the profiles

with a Lorentzian
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where �0 is the central wavelength of the line and A is an arbitrary amplitude. At later times

in the discharge when the plasma light intensity is weak, the poor signal to noise renders the

Lorentzian fit above unreliable. Alternatively, one can calculate the area under the profile

as a function of wavelength. Recognizing d
dx tan

�1 (x) = 1
1+x2 , the integrated profile can fit

to the inverse tangent, from which it is straight forward to extract ��1/2. Both methods

produce similar results, with the latter method providing better estimates at the latest times

in the discharge.

Figure 4.21: Plasma density calibration.

Applying the above fitting methods at each time slice of the full dataset for the H↵

line, in combination with (4.22), gives the time evolution of the plasma density, Figure 4.21.

A peak density of 5 ⇥ 1017 is reached shortly after the discharge current peak and decays

exponentially with a time constant of ⌧ ⇡ 450 ns. After a about 1 µs the signal to noise

for the spectral line becomes to large to give any meaningful measurement. The calibration

stands in good agreement with previous results [55, 44, 54] demonstrating the robustness of

the particular capillary design. Densities for later times are extrapolated from an exponential

119

Plasma Density Diagnostics
Stark-shift of emission line – was not available

Bunch compressor stability – 100fs



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190509

~ 290 px = ??? keV ~ 350 px = ??? keV

ΔE = 415 keV

HES_1623_no_plasma.asc

Beam energy filtering:



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190509



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190509

No plasma:



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190509

Plasma Dump OFF vs. ON ???



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190509

PlasmaDump OFF vs. ON ???



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190510

No plasma:



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190510
Some images (external PDF has all images):



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190510

Parameters:



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190510
Average energy and energy dispersion vs. delay (pressure = 100 Torr):



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190510

99.40 ns

Average energy and energy dispersion vs. pressure (delay = 99.8 ns):



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190510
Average energy and energy dispersion vs. pressure (delay = 99.8 ns):



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190510

Shorter bunch (BC on?) – Energy / energy dispersion vs pressure (99.85 ns):



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190510

Shorter bunch (BC on?):



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190510
Shorter bunch (BC on?) – Energy / energy disp. vs pressure (delay = 99.85 ns):



BNL-ATF beam dump experiment - preliminary raw data analysis - 20190510
Shorter bunch (BC on?) – Files from “BC_ON_3PM” folder:

No plasma 80 Torr , 99,00 ns 100 Torr , 99,85 ns 100 Torr , 100,00 ns 


