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E301 High-level Scientific Goals @] University of Colorado Boulder

Achieving high performance PWFA in a laser ionized plasma source

To achieve collider required energy deposited -> Oven has suffered overheating
and lithium loss when trying to increase the drive-to-wake energy transfer.

Controllable plasma geometry -> Emittance preservation, plasma shaping for
positron acceleration (E333)
High efficiency PWFA
Drive to wake efficiency
Wake to witness efficiency
Charge preservation
Energy spread preservation
Emittance preservation

Experimentally demonstrate high performance PWFA in a laser ionized plasma source
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Goal: Experimentally prove that the plasma wake is elongated
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FY25 Results _ E|Oﬂgated Wa ke @ University of Colorado Boulder
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E301 EXperimer]tal S@tup @ University of Colorado Boulder
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FY24 Results — Energy depletion @E riverei
/ niversity of Colorado Boulder

High Drive-to-wake energy transfer efficiency
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“Drive beam depletion with multi-Joule energy transfer in a plasma wakefield
accelerator” target: PRAB, final editing stage
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FY25 Results — Alignment Tolerance Study G uriversty of Coloraco Bouder
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The geometric tolerance of a PWFA in a laser-ionized plasma source can be easily estimated as:

dr + Lsin(df) < 2(R, — 1)

Previous studies have shown that a mis-aligned drive beam can be attracted into the plasma column,
which suggests that the alignment tolerance may be greater than that predicted by the simple
geometric argument.

“Alignment Method and Tolerance of a Plasma Wakefield Accelerator in a Laser-ionized
Plasma Source” target: PRAB, final editing stage
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FY25 Results — Good Performance PWFA
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“TBD” (A paper presenting the E301 PWFA result focusing on being the first high
charge capture high energy PWFA) PRL(?), PRAB, perfecting data analysis
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FY25 Challenges / Procedure developed Gy urversty of Coboraco Bouder

* High energy part of the drive was aligned with witness in time

rofile Monitor CAMR:L120:107 26-May-2025 20:11:00
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FY25 Challenges / Procedure developed Go vrversty of Gotorado Bouider

* High energy part of the drive was aligned with witness in time

Nathan Majernik 10
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FY25 Challenges / Procedure developed
High energy part of the drive was aligned with witness in time
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FY25 Challenges / Procedure developed

Large dispersion and dispersion’

IP BPM Orbit Analysis
DAQ 13566
Slice BPM after lower density Sext. tuning

IP BPM Orbit Analysis
DAQ 13572
Slice BPM after lower density Sext. tuning, shift

IP BPM Orbit Analysis
DAQ 13570
Slice BPM after lower density Sext. tuning
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FY25 Challenges / Procedure developed G uriversty of Coloraco Bouder

ML sextuple tuning limitations

e Sextuple tuning can straighten the drive beam but there is still drive/witness
offset

*  We compressed them until the are overlapped and use the ML sext. Tunning
 Cost function: Egain & Eloss -> alignment contribute to cost function more

-> limit the parameter space.



FY25 Challenges / Procedure developed Gy urversty of Coboraco Bouder
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FY25 Challenges / Procedure developed

Hdf5 DAQ
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FY25 Challenges / Procedure developed G uriversty of Coloraco Bouder

* Hdf5 DAQ

data_struct

|
. , v s s s

metadata scalars images backgrounds pulselD ( Version (
I | Event > steps =camName= > nBG »( scalar_PID (
4{ EC = common_index . loc a( getBG a( scalar_UID (
I a( beamRate L =PV _list= a( pid ( a( laserBG a( steps (
I 4.( ( > scalarzpag :f;I'P"N 4’( uid ( ba{ci?;rrﬂntig]g:;ta 4’( SLAC_time (
I e =PV _list= 3 scalarzpag :f:JrPVE a( step ( a( common_scalar_index (
I PVs L > scalar‘zpal‘; e 4»( scalar_index ( 4»( common_UIDs
I Desc ( o L common_index a( common_PIDs
I o =camiame= L% <camMame=common_index



FY26 Hardware and Procedure Improvements (G unversty of Cooraco Bouider

* Beam tuning
e (Cshape beam
* Dispersion, dispersion’

e Sextuple tuning

* Tune with beam ionized Ar
 Remove the alignment effect by shifting the plasma to match the beam orbit

* Laser
* Profile (realign, get rid of clippings)
* Compression
 Replace RAIL/PB Near Far NDs
e Compressor valve



FYZ 6 E 3 O 1 P | ans % University of Colorado Boulder

* Sextuple tuning
* Tuning with Ar
* Move the plasma to follow beam orbit

 Decrease witness charge
 Without loading the wake -> improve energy spread

* Repeat FY25 without the compressor window
 Better and more well-known plasma source

* Laser/e beam timing delay

At CU Boulder: Design a new pair of lens for H2 for emittance
preservation



FYZ 6_|_ E 3 3 3 P | ans % University of Colorado Boulder

* Collaborate with E302 to study hosing instability
* Collaborate with E340 imaging the wake with dark shadowgraphy

* Transverse laser probe (developing at CU)
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