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OUTLINE

= APS Linac
= Linac Extension Area (LEA)
» |njector Test Stand (ITS)
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APS Linac
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= S-band rf guns and accelerating structures; =Thirteen 3-meter long accelerating
= Two thermionic rf guns (RG1 and RG2), and a structures:

—12 structures downstream of RG1 and

Photo-Cathode Gun (PCG):

RG2.
gfégr;vs'?;j’se;wons for Injection into =Six klystrons; three with SLED.
_ RG1 is a backup: —cl\jﬂax Klystron power is limited to 38 MW
ue to the peak power the klystron
— PCG beam for LEA. window can handle.
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Nominal APS Linac Parameters with thermionic rf gun beam

parameer e ot

RF Frequency 2856 MHz
Beam Energy 425 MeV
Repetition Rate <30 Hz
Thermionic Gun Beam Energy <4 MeV
Microbunch charge 40 ~ 60 pC
Microbunch pulse length FWHM 200 ~ 1000 fs
No. of Microbunches per Macrobunch 17 ~ 34

Macrobunch length 6~ 12 ns
Macrobunch charge 1 nC
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Linac beam with PC gun

Parameter range unit
Gun gradient [100 ~ 130] MV/m
Solenoid peak field [0.2~0.315] Tesla
Bunch charge [50- 500] pC
Drive laser pulse 2~ 5] ps
Drive laser size [0.1~0.8] mm
Energy gain in the first acc. structure [10 ~ 30] MeV
Energy gain per structure in the rest of the linac [25 ~ 35] MeV
Best normalized Beam emittance measured at 300pC 2 Hm
Energy [375~450] MeV
Energy spread [250™500] keV
Beam repetition rate [2~30] Hz
Bunch length [100~3000] fs
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LEA Layout

LEA Beamline

Future 2856 MHz structure, SLED conditioning
30 MW, 50 MW 2856 MHz test stands

LEA Laser Room
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Mission & Location

= |EA supports the mission of:
— Argonne National Lab
— Argonne Accelerator Institute
— Advanced Photon Source

= Located downstream of APS injector ANL AAl ‘APS‘ LEA

chicane Booster
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Beam Interleaving

= During present storage ring top-up operation, most of the time the
Linac is needed for ~20 seconds every two minutes to inject the B
RG2 beam into PAR; e -

= pe R s o
= There is no beam in the linac during rest of the two minutes — PCG F r?r (MT'\ ﬂw r« 3T —

beam can be accelerated through and transported to LEA,; EI0 150} 10
= Interleaving Operation of the RG2 and PCG beams in the APS ’ [ |
linac. | l
— If RG1 is providing beam to the LINAC, there will be no ! l,.;\.rw L w l - | LW‘J‘
interleaving. \
= [Interleaving was demonstrated in Oct. 2017. R 3 Y ] b T
2 minutes — -
< > RG2 beam X and Y position of PCG
_ _ -: PTB bunch charge beam at Par-Bypass
eV switch switch z{e»8switch switch
q E—
time booster RE2 RGT PCG
LEA PTB:B2 PTB:B1 LTP-B1 LS L4
<€

425 MeV
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New Solid-State Modulator and 50 MW Klystron (413 RFTS-2)

E3712 klystron
in BLDG413S

= A 50 MW rf station composed of a ScandiNova K400 solid state modulator and Canon
E3712 klystron was installed in Building 413S*.

= Analog LLRF drive system was used for the rf station test.

= Site Acceptance Test (SAT) completed™: 50 MW rf power at 30 Hz repetition rate and 4.5
Ms rf pulse length was demonstrated.

= Installation procedures, valuable knowledge of the new system and operational experience |
were gained from the SAT of the 50 MW rf station #1. This paved the way for the -
lnstallatlon and commissioning of the If station #2 at K2 location of the linac.

*Bill Berg, Geoff Pile: Building 413S
construction and infrastructure

o = **Terry Smith: Lead RF engineer f
Peak Power Analyzer show +107.01 dBm (50 MW) at 4.5 us theegr,rgmvn\}'rfst:t?on SAingmeer o
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New Digital LLRF K2 Digital LLRF

= Some components of the APS linac LLRF are _Rack
obsolete, and spares are no longer available. k.
For the next 30 years of operations, LLRF
control system must be upgraded.

K2 50 MW RF Modulator & Klystror

B S —

= A customized digital LLRF system has been
developed for the APS linac under a
collaboration between Argonne National Lab
and Instrumentation Technologies.

= Two systems have been manufactured and
delivered to the APS*.

*Yawei Yang, Lead engineer for digital LLRF.
Photos and slide content provided by Yawei Yang.
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LEA Beamline

= 300-500 MeV electron beam
» 15 m installed length

» |nsertion region supporting
round or flat beams
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LEA Laser Room

= Temperature
controlled
room

= HEPA filters
for cleanliness

= Alaser is not
installed at
this time

Vestibule, installed safety interlock features support Class IV laser operation

Courtesy K. Wootton
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Supporting APS Operation
2856 MHz test stand for accelerating structure, SLED condltlonlng

= B. 413 end station supports two 2856 MHz test stands
— 30 MW modulator and klystron

» Plan for linac spares is to condition 2856 MHz accelerating
structures, SLEDs within the LEA enclosure

sovas e ey S
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Test stand capacity for conditioning 2856 MHz accelerating structures
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Injector Test Stand (ITS)

COMTROLLER 2

K3 RF Tnput

2,91e+06 FiD @]

CONMTROLLER: 3

LTS3GUN:YP:CO1

tc

LTS3GUNYPCO2 —

t

apr

753.01e+03 Refl =]

arr

Gun Wtr Temp,

Supplyl 129.32 IdesF m

Return [ 129,46 | o —ooicieet

| QiDiag Actust
Injector Test Stand nTROLLER 4 Jec: o]
OiLens Control (spar‘e)l Faraday CU.D 1
torp Select — 6I 1]
ITS Current
Control & Select - o1 g
tarr
LTssoty 2l CONTROLLER: ¢
A LTS3EL3WF 003 -0,
0. 162 [ CTssBLsvPecos 0.000
LTSsCHL 2 torr afore |
Field (G610, 0 .
o 2t e RadiaBeam &lpha o005

0z

L

ITS Power Supplies

TSiRAW sl

Lrsshe [ frooe =0, 001
LTSsWL E press— =], 0Mm
Lrsshz [af frooe =0, 001
LTSsuz E preee— =), 002

1 reen Mol Bo000 A
7%, US DEPARTNENT OF _ Argonne National Laboratory is a
4 US. De f laboral iri
\Z/ENERGY L orinasommeey A. Nassiri

H3/v3 |

g3 04 47 _ "G

Screen-1

BL:VP:02
/g
G

59
Jaiatita)

BL:VP:01 RadizBeam Profile
crszae [af oo (L, 001 1
LTS:02 E W =0, 001 Pearson Coll
LTs:0z [af fFoe00 -0, 00 BL:VP:(3
LTs:04 E press— =0, 00
Vreenm Fall Boooe 0 1 NAN
APS Linac and Test Areas Oct. 14, 2022 15

Argonne &

NATIONAL LABORATORY



Injector Test Stand (ITS)
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CLOSING REMARKS

= Two certified radiation shielded enclosures are available for C3 staging tests
— Linac Extension Area (LEA)
— Injector Test Stand (ITS)

= LEAis equipped with two S-band high-power system
— 50 MW with a solid-state modulator and a 60 MW klystron
— 30 MW with a PFN modulator and a 35 MW klystron

= Linac ITS is fully instrumented including and rf gun and a switchable 30 MW rf
source. It can accommodate a short (~ 1m) S-band accelerating structure.
— Restart activity of electron beam loss studies

= Interleaving operation provides a pathway to operation of LEA simultaneously
with APS-U storage ring operations.
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