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I. Control system
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Introduction of UTEF

B Ultrafast Transient Experimental Facility (UTEF) : Comprising two core components - a synchrotron radiation
facility delivering high-brilliance and high-flux photon sources, and an advanced cluster of electron
mICroscopes.

B The SR facility is developed in 2 phases, phase I 1s a pre-research project, including a 500MeV light source and
an electron microscope platform; phase II including a 3 GeV light source and an electron microscope cluster.

. Transport Line (S50m)
CRARMEN [ el MERE

Layout of UTEF phase I
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Introduction of UTEF Linac

Key Parameters of S00 MeV Linac

T SOOMeVHEmﬁ% ‘ ‘ Beam energy 500 MeV

Beam charge >1 nc

B Beam length <1 ns
Energy spread <0.5 (rms) %

o N " 4 ¥ Normalized <50 (rms) mm.mrad
% . m 2 emittance
.gﬁ? @5:\/ @é/ Repetition rate 2 Hz
o T T o Working frequency  499.79/2998.74 MHz
TR by T S D RN olitude stability 0.2 (tms) %
Layout of Linac Phase stability 0.1 (rms) °

B | subharmonic buncher at 499.79 MHz

B | constant-impedance TW buncher, 9 constant-gradient TW accelerating tubes at 2998.74 MHz
B 5 high-power transmission systems at 2998.74 MHz

B 4 pulse compressors at 2998.74 MHz

B 6 LLRF system
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Introduction of UTEF Linac

Linac tunnel(Feb. 2026)

Service tunnel (Feb. 2026)

Timeline of Installation

O May 2025: Civil construction of the
linac tunnel completed, enabling
installation of support systems.

O Sep 2025:Majority of Linac support
girders installed.

O Feb 2026: Complete installation of all
components in Linac.

O Apr 2026: The target vacuum levels
were achieved in the beamlines and RF
power waveguides.

O May 2026: Completed remote control
of major equipment such as power
supplies and vacuum systems.

O June 2026: Begin conditioning of the
accelerating structures (using
temporary deionized water).
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Control system of RF station

O LLRF Monitoring :

SSA forward output
EPICS OPI KLY forward/reflected
Forward inputs of 2 ACCs
Timing | Lol > Modaor Flow o8 Forward inputs of terminal loads of 2 ACCs
system Trigger Temp PLC
: i . A A
# E ------ . »  Power Meter
"";,5"1-> Power Meter
CLK&LO [--» LLRF re flect
NAAA
b gauge
RF Signals Klystron < lon pump
Ion pump

Power Meter Power Meter

Ion pump |I; | Dose | l

Flow Water Temp |

layout of RF station
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Power Meter
STD-MOE < || 1®

NATIVE-R2

LO
Signal Input

CLK

IF Signal _ Signal Input

Trigger
Signal Input

1Q Signal

RF
Signal Input

Oscilloscope «——| |

CLK & LO
T S T —
i]’g;a‘l"l']:z:: Main RF 499.79/2998.74AMHz
2 LO 474.80/2973.75MHz
phOtO of LLRF station DWCSVMI1 SIS8300KU 3 IF 24.99MHz
4 ADC Clock 124.95MHz
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LLRF system/software

DDR3 _
0% Lo/l le)ialz]
4 4p 4 p T e TR T sy Sicnser -
‘ PCle endpoint <:> DMA <:>
M
o |
‘External Trigger Reflected Protect
oo | ICE
—> C Ethernet —_— |
==
T AcC et
; e
_— Slo_ck setpoint e o
iming s [
FPGA = ol le= =
user logic
CS-Studio X
JMTCAlvMGraphX
(0% =& =)=
Measurement DAQ Channel I
o PCle Bus R e )
ﬂ Pha.avg -72 Avg Length {ns}) 200
ﬂ =5 : : RAW Data Graph Amplitude Waveform Amplitude Graph
DAC \ nternal imterfac g §; xE s FERR >
o My 8 7]
ADCs ] 2
2 o ol
LLRF ﬁmlware 9 3 S‘ o 5 10 15 20 25 30 5 10 15 20 25 30 : e T T T T T T
Tnml]‘g Time / us Time lus N 11:20:30 11:21:00
" 2024-12-30 o
iugnals 1&Q Graph Phase Waveform Phase Graph(Deg)
% & @E\ 4 [EEE]E »
DDR3 y
DACs . ]
§0 Y pmenamem . O & 1 b ; li20s0 | 112100

Time / us I(R) Q(B) Time us
2024-12-30

O Completed the firmware-to-host full development. | | |
Software and firmware LLRF OPI PAGE 8




LLRF system

LLRF1 SSA Plot = o
OSCillOSCOpe heasurement
Amp average 16373 |  Avg Start Time 4000 ns
Pha average _ Avy Length 500 ns

&.mp\iude Pulse Graph

Raw Data Graph

Amplitude Graph

20000 20000
mnnné 15000—% 16385
Pulse generator E o000 1630
E 50003 16375
. ,mnnné u—fé 16370

MTCA .4 chassis S i i
13 0 5 10 15 20 -5 0 5 10 15 20 0 200 400 600 GO0 1000
Time f us Time f us Samples

CLK & LO

15000 200

wuuué 1uu§
50003 3
TTL to LVDS E
—5nnn§ -wnz
Signal generator S RN ——— e—
5 0 5 10 15 20 -5 0 5 10 15 20 0 200 400 600 8O0 1000
Time / us I(R) Q{B) Time / us Samples

Desktop testing A/P stabilities(rms) : 0.01% , 0.01°

O Junqgiang Zhang: The development of the MTCA .4 based LLRF system in the UTEF (mTCA 2025)
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Timing system

499.79MHz

@ ACIN

STD-EVO

SMA-LEMO l WA LEMO i
STD-EVOEVG | |
Sy VYN A : ST HseT
ouT E ouT ' l
o | l
oo lt — | STD-EVO/EVR STD-EVO/EVR
FEMOEA STD-EVO/EVR |
B0 ouT - | B0 ouT- #0: oTR| oTr EOoum 0= oTPo. [OTFS #0O: ouT
TTL@SR-BI s o #0:oun LEMO-SM A : LEMO-SM A ST-STH A XS X6 ST-STHEA X6
ST-STHEET v \
STD’M@E TTL@TL-BI i TTL@LA-BI ST@LA-MOD ST@LA-SSA
BNC-BNC i [D X6 STD‘MQE
ST @SR-Septum :
TTL@SR-Kick i RJ45 R4S l BNC-BNC l
-KI1CKer :
I LVDS@LA-LLRF X6 TTL@LA-Egun

Storage Ring

Linac

STD-EVE

STD-MOE

PAGE 10



Control parts for Conditioning

O Since the cooling water system is unavailable, two temporary water-cooling units are deployed for
cooling water supply—one for the accelerator tube and one for the modulator.
O The conditioning of the accelerator tube is conducted section by section.

No. Control devices Qt. (sets) Interface Type
1 PPS system PPS PLC 1 Modbus TCP/IP

2 MPS system MPS PLC 1 Modbus TCP/IP

3 Modulator 5 Modbus TCP/IP

4 Radio Frequency | LLRF 6 Wire

5 Water flow 78 Wire

6 Timing system Timing system 6 Wire

7 Ion pump 50 RS-485 serial port

8 Vacuum Gauge 14 RS-485. wire

9 Gate valve 6 Wire
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PVE virtualization server cluster

Computing:3*24 Core
Disk:3*4*16=192TB

JI0MION

Wire & industry ethernet

. Customized
Large Display o
Operator r r ?ffi,afm@m
—_ Consoles L J ) C + gi)
,l_—ul_—~ Java
- Control - = ® - 4
@ Network
CIA File Web Server Database lication SAN Storage
@) S S T
> 5 o
(@)
(@
@
(Té Visualize Serial port Industrial
T RTOS PLC Computer server controller
C_F
aa 1 s B
S Modulator Vacuum Instrument
Tlmgng,LL Cooling Water
Vacuum, MPS
HTTP
EPICS 7
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1igh-level applications

E-GUN Timing Control
UTEF Vacuum Monitor -LINAC 2026-09-08 16:39:09.59 Map RF delay Fine Delay  InterLock Delay Width EveniCode  ReseiCode Polarity D all \/ I I |IO( S OI l Sel V er are
ouro [ g § [on orea B £ 1 [ = B0
Solid Power Amp Timing Control Modulator Timing Control EPI‘ S 7
Delay wam EveniCode  ResetCode  Polarly Deiay Wi EveniCode  ResetCode  Polarty
oreo 500 2000 1 ) = oo 200 50 1 [} =
e EEE O Operator OPL: phoeb
v D I O O O | - e O B B B perator . pnocous
orps 1000 0 1 ) ores 200 0 1 13 ==
1510 P 5 . oreu 5000 0 1 ) ores 360 0 1 [) ==
~ B 1t
et VL == Sl wows clios
LOW LEVEL RF Timing Control
wap RFgeay  FineDelay  InterLock Deiay wian Event Code Reset Code  Polarity
ouro [ 8 0 oma 3000 50 1 ) =
rane s v P name st I ® o . : Y . our: B8 o o ore 1200 0 S ) (]
LSPOIGIN @ S 32KV s1ETPR LasPIsAS ) S sekv  87E7Pa . a2kv soeea oac ) [} =
usrsEL @ g g e LASPITKG . 3 Sekv  40E7Pa e : s oKy toesra & ore E = g 0 ]
Laspousie2 @ 40 32KV S3ETPa LASPIE/ . BlA 53KV  86ETPa ey 5 oA Ookv  ofedma ours (D | [ om0 1200 500 1 ) ]
LASIPO4AL [} 50A 32KV 73E7Pa LASP19AS ) 514 33K 74E7Pa ey . 4A 32KV 58ETPa outa BAE [} [ o [0 o= [ B Lﬂ
LaSIPOsIAL Si 32K/ 68ETPa Lasie20k6 ; . .
. O mE Gen L e o _— i - —l EPICS Archiver Appliance
.
vacl I I I I I l MOI IltOr . . Home Reports Metrics Storage Appliances Integration Help
Timing OPI ST aeosTE
InstanceName | Status | PVCount | Connected | MgmtUptime
stetaae ™ [Working (2281 a1 5 months21 days 19:27:2
AA |Working [1076 1025 5 months21 days 19:27:2
3 utef-2462
B B8 21
e FEERE RETEE IREREE AETEE
n : ha e " B 71 vacs_Power o X il_Water - 0
- 8| | Oumirow @ iznarom @1 e -+ 4388 9223 1464 4509 3136 system_oad (%)
Loek E.] Chame2_Power D ! swere ) pr———
WoLon @ | Hess_power @ [} sweo [ & A4S 1EF 8553 3372 4442 3052 etl_heap (%)
Ready @ | | ootz power @ {7} sweo ) = 2 i - AL ]
WOLON @ | eMons power @ [V} swen | wow e @ SR 9012 1427 4461 30.76
Trig_ON o BMag2_Power 7! vac2_Power D [} sweaz | Hard_Si0p L] s
Hesiw ON @ | [ maod_Power Vac3_Power @ 1V e Sof_Siop @ AT Lkl L s S0
B7Fmi @ Mag2_Power Vaca_Power @ [T semsex 1 1oLk L] ASHE 6817 1043 4425 30.31 n
08K @
BAeROE wuenEE 1 uFReBeROT maem 1 55448 8391 1483 4551 3189
Vorsei) Curseua ot =p 40
Paseyer oy Heater1vol GHV @ Heas Oft S=HEE 8327 3269 as87 3109
w1 EEVITE  WEVTIE -
Putsewin SatiSiop 9063 1436 4431 30.39
7 Mag2 P10V 4 BOA - Hoswiow RN
euserra SHHE = — . L] 8333 1308 4467 30.34 0
Mag3 185V = 1504 - 3 m@
Pulssbhisn 55 6730 1028 4472 30.90
- Mgt FEVIE  WTEATTEE FRABEET Stion ERA
EuemsneT CSAEEL 5796 2161 20
MagS  TADW T3 HZSAIE Tig_Sec ESIHE2 7160 2757
Chametvor SOV % ®Tyon pr T
wos  EEVINIS| ASATINIE Thg_Delay ' 1B HREALE10 4713 16.87
ChargelCur 100A | & Heater Off R 4701 16.82 1
) ’ ’ TEMEEL 5844 2182
TEIMEE2 6097 2289
Feg datal Fieg data? Reg St Fleg S Param setng

18:00  20:00  22:00 0:00 2:00 4:00 6:00 8:00 1000 1200 14:00  16:00

Modulator OPI Coolant flow & temperature Archiver Appliance

PAGE 13



Interlock protection system

Timing System/Trigger : ): LLRF

Focusing coil
Temperature

Collector]

Coolant flow

and body

Coolant
temperature

Oil tank

Coolant flow

Coolant
temperature

Coils

Coolant flow

[e—

PPS

Reflect Power I

Coolant flow

Coolant
temperature

—

Coolant flow

Coolant
temperature

Coolant flow

Coolant
temperature

Waveguide,
window

Coolant flow

A 4

Focusing coil
Power supply

Trigger

Y Interlock

> LV Interlock Modulator

A AA

»{ HV Interlock

Coolant
temperature

Modulator

Coolant flow

Coolant
temperature

Waveguide,

Interlock protection system

Coolant
temperature

Coolant flow

Coolant
temperature

Coolant flow

Coolant
temperature

Coolant flow

Coolant
temperature

Acc. Tube-1(up)

Acc. Tube-1(down)

Load

Acc. Tube-2(up)

Acc.Tube-2(down)

Load

beamline

=t
A=
BE | Aivk | iEHIE
st

#ACCGA

#ACCGs

RACCGY

BFELASIPY

BFRELASIPLL

BFRELASIPL3

BFRELASIPLA

BFRELASIPL6

=
at

MPS PLC

ELNERF RS 25EE2-3

BIES2 el . {EAEFRATIRRS *
Py . {EAE P RAITIRRF *

BTFLASPIS . .

Interlock OPI
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Automatic Conditioning

O Targets:
Klystron output (@ 4 us): 40 MW.
Accelerating tube input (post-compressor): 32 MW.
O Repetition rate : 2Hz
O RF conditioning — gradually raising RF power to condition high-power components.
O Goal — mitigate surface discharge, vacuum outgassing, and multipacting before full-power operation.

LLRF Open-loop R . |1
N Change Delay 0.5us -2Hz = siromeefl ;
: U\{'\“‘:
[T I \J
4us-2Hz 2us-2Hz lus - 2Hz s v B" i
mw—smm.w i "Kﬁ— A -

reversing the pulse
phase

=}
(TTTTITTTITOTTT IO T I AT TN IonTT
0 5 10 15 20 25 30

Time / us
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Automatic Conditioning

Conditioning State Machine — 11 States + Global Transitions O SNL language

step done at target + timeout

STOP / —READY
(any state)
(OO MYIIMN I — — — — — — —> STOP
a
1 : exit: RST
l !
: not at target, vacuum OK 1
e I
, -~
reached lastBd [ \|
new interlock l MANUAL :
N e e e e e e . /7
4 severe down done not at lastBd
pause
RAMP_ DOWN RECOVER_HOLD flag PAUSE
- )
1 release — HOLD /
! | RECOVER_HOLD
I e e e e e e e e e e e ] 1
mild
step done

> Normal Ramp-up Cycle
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Control OPI

Auto Conditioning -Modulator 2
state O Centralized interface

Ton ‘ sTopoN | INTERLOCK_COUN 0xd ROLLBACK APPL (5 . . . .
e Mﬁfﬁﬁ s 0 Historical 1nt§:rlock filter available
i il Lot i O Auto-send daily 24h summary report
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READY @ Near Target @ mns@
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. + |+ |+ % + | *
VoL OuT 0000V AUTO:VOL QU DI000W: AUTO MODE MANUAL_VOL 973000V Silclozl NEAR TARGET
Y 0 9 7 3 0 0
0,000V 0x0 '
LS00 FARLCE S0 OUTPUT_vOL! | VOL_TERMINAL 973000V e =
~ Powermeter Interiock history ~ Recovery Ilmemck Daily Repoit | Mod para

=LA LLRF.PVE -=LA_LLRFPVE Interlock Status (16 channels)

Power Meters . = b

®
B Mgatorﬁams @ ' : e LLRF Iate rl O C k INTERLOC

A

Interlock history | Recovery | Interlock  Daily Report | Mod para

® ©® © ¥ ‘
3 : s CCGO8 ﬁ INTERLOC RECOVERY_TARG 1009.500 MANUAL_MODE @ MANUAL_VOL 987.000
Inited HealefM O &ui amr HVOLON  Trig_ON BT-Faut Al
SIPog G INTERLOC L RAMP_UP apples one volige st toward \{JC;L(TE ﬁ %4 D @Kﬁiﬁuﬁb r
i 5 checks target: not reached > >_UP (next e ofed autofstip)
L JHEER @000 Al L AUEiS =t Sinii s 3. FAULT: close TRIG, lastBd=VOL_OUT, wait -> RST_NKE0 = Tion <37~ Tt , ’
@ severe(count==3) -> RAMP_DOWN.
4. RAMP_DOWN (direct drop to lastBd-rollback) -» RECOVER_HOLD -» REQOVER_RAMP (RE_STEPx_L/S +
IS IS BB BB IS IS IS IE B Eaa . SIP13 @ INTERLOC stepSwitchErr) > loop until lastBd. I t@r
[ONG STEP 1000V SHORT STEP 0500V STEP SWITCH 0.600 V 5. READY=0 or STOP button forces immediate STOP 0).
- - - - 6. RST clears all interlocks, START, STOP, RST_INK -= returns to IDLE.
KLY2_TEMP H INTERLOC
MAX,_VOL 1150000V MIN_VOL 0000V TOLERANCE  0.100W I = ﬁ 7. Interlock window 300s, count >= 3 triggers rollback (ROLLBACK* applied to lastBd).
INTERLOC
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- ;:\ s Daily Conditioning Report
ellhack Valu Charge2 Power @B Magé_Power Vacs EndTime  2026-08-01 00:00:00
ara I I I e er e 1 Report auto-generates at 06:00. View real-time ct n the D la Browser (pitl) tab at the t
Heaterl_Power @ Mag5_Power @1 SWE: s e
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Conditioning Progress

conditioning time /day 19.5

e > 0O High humidity caused
£5.1,7 | el modulator arcing

T

2

TITFIE - n :

258 127 [ . i aA— =t : . .
T : (insulation failure)
< g o

335 11

T33FYE

SEE. R

I l‘

2026-08-13 08-15 0817 08-19 08-21 08-23 08-25 08-27 08-29 08-31 09-02

Conditioning results of A2-A3
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4000
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2000
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Conditioning results of A4-AS5 PAGE 18
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Conditioning Progress

ri—
;: D Display >

Trace Av(E) Pos

Scaling

Info

Marker

M1 M2

M3 M4
3.7725 ps t — i

10.579 dBm | P 103.15 dBm | P Trigger >

Local XK
Esc |81 1Tig Freq ¢ Preset Zero System

-
oo B Display >

Trace Av(F) Pos

Scaling

Info
Marker
M1 M2

- - — M3 M4
M 11 M4

3.0503 ps t 84.592 ns t )
9.4437 dBm | P 105.70 dBm | P 2.3478 dBm P Trigger >

Local Loz
Esc &1 1Tig Freq ¢ Preset Zero System

power of the upstream tube

=
Trace - |:]Disp£ay >

8P-100445 Trace Av(F) Pos
Bm

Scaling

Info
Marker
M1 M2
. M3 M4
3.1110 ps td - t
-3.1784dBm|P  93.532 dBm|P Trigger >

Local X
Esc [E&1 1Tig Freq o Preset Zero System

=
— I:J Display >

Trace Av(E) Pos

Scaling

Info
Marker
M1 M2
— M3 M4
3.0503 ps t it _
9.8873 dBm|P  105.31 dBm|P Trigger >

Local Loz
Esc &) 1Tg Freq Preset Zero System

power of the downtream tube
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Summary

B All components of UTEF Linac have been installed.

BThe mTCA-based LLRF system 1s operating stably.

B Completed data acquisition & interlock system development for the RF
system,

B Developed automated conditioning.

B High-power conditioning of accelerating tubes A02—A09 has been
completed, all reaching the target power level
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THANK YOU |

All Suggestions are welcomed !




SSA,CLK&LO

Solid state amplifier

1.Working frequency:
2.Bandwidth:

3. Pulse width:
4.Repetition rate:

5. Output power:
6.Rising edge/Falling edge:
7.Rising edge jitter:

8. Pulse flatness:

9. Pulse phase shift:

10. Amplitude stability:
11. Phase stability:

499.784MHz/2998.704MHz
>+ 2.5MHz@1dB
0.5-30us/0.5-4us
1-50Hz
>2000W/1000W
<0.1/0.1ps

< 5ns

<0.2% (rms)

<1° (rms)
<0.02% (rms)
<0.02 ° (rms)

AW NN =

CLK & LO
Main RF 499.79/2998.74MHz
LO 474.80/2973.75MHz
IF 24 99MHz
ADC Clock 124.95MHz
. Working frequency: 499.790/2998.74MHz

O 0 1 O\ L & W N —

. Input power (CW) :

. Ref. signal power (CW) :

. LO signal power (CW)

. Clock signal power (CW)
.LO phase noise:

. Harmonic suppression:

. Spurious noise suppression:

. Power stability:

0-3dBm
> 15dBm
> 15dBm
> 15dBm
<50/36fs @[10Hz, 10MHZz]
> 50dBc

> 65dBc

< #0.1dB (1min)
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B

Linac E-gun 30ps
Modulator 5 4us 10ns 150ps ST
Solid state amplifier 6 4us 10ns 150ps ST
LLRF 6 4us 10ns 150ps *RJ45
Beam inspection 3 4us 10ns 150ps SMA

Beam inspection 3 4us 10ns 150ps SMA

Storage line LLRF 2 4us 10ns 150ps SMA
Septum 1 60us 10ns 150ps ST
NLK 1 0.5us Sps 150ps BNC
Beam inspection 9 4us 10ns 150ps SMA
Beam inspection 7 4us 10ps 150ps SMA

Beam line
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