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@ The European Spallation Source

European collaboration, 13
member states

Long pulsed neutron source e

Average flux comparable to Neutrons are produced by spallation

continuous ILL source
Rotating tungsten target
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15 planned instruments
e - 5 expected to be ready for
N N neutrons in 2027
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@ The ESS Proton LINAC

90 MeV
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ISrc | LEBT | RFQ ~MEB

AvaiIabIe Beam stops

ISrc
<100 mA

~3000 ps 2860 ps ~100 ps
LEBT
6-70 mA (chopper)
~0.1+420 us 5-2860 ps ~0.1 ps
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~0.01 us 5-2860 ps ~0.01 ps

MEBT
(chopper)

216 MeV

90 0 0

571 IVIeV
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5 HBL cryomodules installed

870 MeV
Y-
Parameter Nominal BOD 2025
Beam Power 5 MW 2-107> MW
(2 MW)
Beam Energy 2 GeV 0.8 GeV
(0.88 GeV)
Peak Beam  62.5mA 6 mA
current
Beam pulse 2860 us 5us
length
Rep. rate 14 Hz 1 Hz
RF freq 351.21MHz/704MHz




@ Timeline of the ESS project

Approval date First protons in LEBT - ____ First protons on Target
May 2009 September 2018 ¢ $R5= January 2027

Eumhnn Neinron Source Finally Finds a Home

Afle & frotring decade watcbing the - T wouid b

o

g
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April 2025 December 2027

Groundbreaking
September 2014




2025

Transport a probe beam to dump i

- 800 MeV beam energy
- 6 mA beam current
- 5 us pulse length

LEBT FC

int. beam stops

beam dump

no beam

2026

~p 2027 @

Ramp up current and pulse lengths separately
at 800 MeV:

- 62.5 mA beam current —
or as high as possible with
acceptable losses

LEBT FC

int. beam stops

-Longer pulse length —to
verify RF stability
(piezos enter the equation) no beam

beam dump
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Beam Dump -
SPK IBS -
DTL4 FC A
DTL2 FC
MEBT FC
LEBT FC

Beam Dump A
SPK IBS ~
DTL4 FC~
DTL2 FC
MEBT FC
LEBT FC
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609 x Measurement ((“E \\\
Fit
404 vl

Phase scans of

~-~ phase of peak /(

* 3 buncher cavities 504 — synch. phase

« 5 DTL tanks

« 26(-1) SPK cavities

\ /

« 36 MBL cavities

TN/

o« 20 HBL cavities

Energy gain (BPM phase diff.) [°]
o

NS

-150 -100 -50 0 50 100 150
Phase of cavity [°]

- Scan the phase of cavity 360°
- Fit to simulated data to get: amplitude and set phase for nominal energy gain
- Good convergence achieved after two iterations.

Sometimes, arcdetectors of downstream cavities needed to be disabled — still using probe!
Tried scanning with 1 mA beam — too much characteristic changes to 6 mA

Courtesy of D. Noll, see THPO002



@ Energy measurements

2025 2026
Could measure energy using a fast oscilloscope installed New energy measurement available in SPK.
at two places in HEBT Energy corresponds to baseline without SPK-070 1
- Could only measure energy from the first MBL see TH1A004 for more details
O N T~

. 800 > _.8004 /™ 10 >
> a > \ 0 2
s = 2 =
= -—20 =
> 600 5 . 000 L 25
> —e— design & o —e— design i
J T D ©
<4004 measured L _40 ¢ £4007 —* measured | _ac
s / \ = = ‘ :
© 4= © =
@ 200 3 & 200 L 63

\ -—600 &)

QOO0 Q0 OO~V OO 2P Q Q Q

Cryomodule cavity



esﬁ Transmission (CBxExC xR

2025 - probe beam ~ «e

e’ DTL,
— SPK
— MBL
—— HBL
—— HEBT
—— DmpL

Plot BCM signals for 8 different locations along the accelerator
2025: good transmission for 20 W

2026: Excellent transmission
- even without superconductive cavities (2 W) bt
- for a 60 mA, 5us beam (260 W) S -
- for a 30 mA, 5 us beam (1.3 kW)

Current [mA]
O\ = — [S] ) + wn [=2) ~

90 MeV 62.5 mA 50 us
—— RFQ
—— RFQ — RF
. Q 30 ﬁ-@.—a’:? — wesT
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DTL1 . | | DTL1 25 DTLS
3 DTL5 —— DTL5 < M
< — < 40 R 20 ‘ ‘ — SPK
< SPK < SPK E —— MBL
= _— - —— MBL o
£2 MBL £ 307 ' ' ' g 15 — HBL
5 — HBL 5 —— HBL = HEBT
5 —— HEBT 520 HEBT 310
Q Q — DmpL
1- —— DmpL — DmpL 54
104 ‘ |
0 0 °
I L I ! ' - ' 6380 6400 6420 6440 6460
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@ Transmission (IO

Transported a 20 mA, 1500us beam at 870 MeV! I e ey oLt

At a repetition rate of1/30 Hz s —— DTLS
— — SPK
T M —— MBL

Equivalent to a 360 kW beam at full repetition rate 2 10 | — :EET
g —— DmpL

5
Given the BCM accuracy, we have good
transmission 0 |
see TUPOO036 for more about the BCMs 6500 7000 el 8000

Time [us]

More accurate measurements with BLMs are
planned

see MOPOO066 and TUPOO024 for more
about BLMs
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@ Longitudinal Beam Parameters MEBT

Used Shishlo Method (PRSTAB, 16)

CAV1 CAV?

3.0{ —— MEBT-010:PBI-BPM-005
—— Calculation
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PRELIMINARY RESULTS
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0 [ 1-1 correction, April
5|
E
. . E o | ! !
Trajectory corrected using steerers along the - I \# |
accelerator S s |
. . . —10+
1-to-1 correction: sequential corrector-BPM tuning 3
_15] Ty
Some BPM signals appear artificially amplified — fixed ’ “’” o 0 0
for some BPMs! oo
i 757 SVD correction, Juntfe
SVD correction 1 | 5 =
= 25
Response matrix measured for SCL looks good, no big E :
elements on the top right as expected - |
s |
Dumpline BPMs have large aperture — cannot trust the sof ||
signal completel el e x
9 pletely [Ea I
—10.0 44— : :
0 100 200 300 400 500

z[m]



@ Transverse emittance

Compare emittance in MEBT to emittance in Dumpline 0.5
Emittance stays similar for low beam current 0.30-
0-287051L ek MBL HBL
Emittance growth for high current - expected — Eox
0.26 — .
0 100 200 300 400
position [m]
MEBT EMU 0.11/0.23 0.10/0.21
Quad scan 0.3/- 0.045/0.37 A O I I a
Dmpl Quad scan 0.11/0.69 0.16/0.48 "0l
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§
lg

Intensity [arb]
y [mm]

ty |arb]

Intensity [arb]
y [mm]

Intensity [arb]

:

1000 £

|{

I




@ Summary and Conclusions

2025
* The commissioning run of 2025 was successful

* Reached target beam energy of >800 MeV for a beam of 6 mA, with a
pulse length of 5 us at a repetition rate of 1 Hz

e 22 W beam

2026
« More beam instrumentation has been available

« 20 mA, 1500 us beam transported to beam dump. (Equivalent of 360 kW
beam in one shot)

 62.5mA at 5 us also transported to beam dump.
* Improved models and hardware — better outcome of phase scans
 1.5kW beam

To do in fall:

> Send production beam to dump (at 1/30 Hz)
» Characterization of longitudinal phase space |

» Evaluate reliability and stability of high-power beams i \

— Send beam to Target in early 2027! 14



@ ESS contributions to LINAC 2026

Emmanouil ESS lon Source and LEBT Test Stand THPO020

Marten Technical commissioning of the ESS linac cavities for the Beam on Dump
Phases TH1A004

Slava Status update on ESS ICBLM detector Xray tests TUPO024

Hooman ESS Beam Current Monitor System: Technical Challenges and Improvements
from Seven Years of Operation TUPOO36

Sofia Emittance investigations at the ESS LINAC MOPO038

Aga Maintenance strategies and high-power RF testing of ESS RFQ power couplers and |
DTL RF windows TUPOO043

Andrea Plasma Processing Developments for Medium- and High-Beta Cavities in the
ESS Linac TUPOO045

Daniel Phase and Amplitude Setup of the RF Cavities of the ESS Linear Accelerator
THPOO002

SoO1|‘ia I(?;leam commissioning of the ESS accelerator: Results and Challenges MO2A002
(edited)
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https://indico.jacow.org/event/117/contributions/15121/
https://indico.jacow.org/event/117/contributions/15416/
https://indico.jacow.org/event/117/contributions/15129/
https://indico.jacow.org/event/117/contributions/15213/
https://indico.jacow.org/event/117/contributions/15219/
https://indico.jacow.org/event/117/contributions/15235/
https://indico.jacow.org/event/117/contributions/15240/
https://indico.jacow.org/event/117/contributions/15296/
https://indico.jacow.org/event/117/contributions/15402/

(/—\ EUROPEAN
% SPALLATION

SOURCE

Thank you for your attention!

Questions?




