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ABSTRACT MOTIVATION

STAGES OF COMMISSIONING

= The Linac Extension Area has been = The Linac Extension Area (LEA) at the * The principal consideration in commissioning with the electron
developed into a beamline area for Advanced Photon Source (APS) is a beam is that the LEA beamline is located within the LEA
testing accelerator components and flexible beamline for accelerator component enclosure.
techniques. and technique development [1-4]. _ _
o L o _ _ _ * This enclosure had previously been used for the Low-Energy
= Beginning commissioning activities In = Hardware mst_al_l_atlon was Co_mp_leted In Undulator Test Line (LEUTL) [5-7], but it has been several years
February 2023, we have delivered 2023, and activities to commission the . .
the first electron beam to the Linac electron beamline began in 2023. since beam was introduced to the enclosure [3].
Extension Area at the Advanced « In the present work, we summarise the = This moti.vat.ed the need fpr a readiness review prior to
Photon Source at 425 MeV. orogress to date in commissioning the LEA commissioning the beamline in a staged approach.
= In the present work, we outline the beamline. Commissioning activities performed are broken into two stages:
stages of re-commissioning the « We outline the features of the LEA transport to the BB dump, and transport to the LEA beamline.
electron beamline. beamline. We summarise the stages of re- = The electron source used for these commissioning tasks was the
= We summarise measurements of the commissioning. We present measurements thermionic cathode radiofrequency electron gun (TCGun) rather
electron beam transport through the of the electron beam using beam than the nominal photocathode radiofrequency electron gun
accelerator. diagnostics in the LEA enclosure during (PCGun). TCGun is capable of generating the greatest electron

stages of commissioning. We outline the
beam loss scenarios to be performed for
qualifying the enclosure shielding.

= \WWe outline scenarios used to verify
the adequacy of radiation shielding of
the beamline, and measured
shielding performance.

LEA BEAMLINE BEAM MEASUREMENTS BEAM LOSS SCENARIOS

beam current and as such represents the principal radiological
risk needing experimental validation.

- Ihe LEA peamline I_attice is configured j(O suppor_t f = The principa| diagnostics used for this =+ - Ah(':ri|ti(';al step in CpmmiSﬁionirll_g is validation of thle shielding perfcl)_rmance. At the APS, the
interleaving' operation [9,10]. Interleaving describes studv included area radiation shie dlntghls e>(<jpetr_|melnta Iy va |dadted usw(;gtr?eaLrEAoss Iscenarlosd 0SS scer|1’ar|ods‘wfefre mealr)t to
switching between TCGun as an eecton source o y o csess e el vl and reurc e LEA encosu nder ol e of
APS storage ring operations, and PCGun for LEA / mon!tors’ handheld portable .r.adlatlon ::ff:?::?::?:i?;m T:iif:it:E:E:::?::?::?:j?:j?:j?f: SRARAN, transport beamlines upstream of LEA (PB, PTB, BB). The loss scenarios considered included:
operations. We denote the LEA beamline as the monitors, electron beam position Dot Hﬂ[‘,,ﬂﬂﬂﬂ 1. No acceleration of beam in the linac (background)
section of beamline physically located within the LEA : : . N ENRRRE || HL SRR RN 2. Beam to the LEA beam dump (nominal operations)
enclosure. The LEA beamline is illustrated in Fig. 1. - L“eoa”rﬁogﬁ}rzi?raggﬁg'res monitors and - < jos il i 3. Beam sirike on gate valve (GV) 1, GV1.
: . Beam strike on .
seny | i1 EERNEE R RN AN R 5. Steering beam vertically upwards with corrector magnets.
— 1 T i | » The first S|g nature of electron R R e aassaaan e 6. IS:c?er.itr;]g beamtvertically ;jownwards with corrector magnets. Steering beam horizontally
o : - ADC samplos eft with corrector magnets.
N transport to LEA was observed using _ _‘ eaent _'__'_'_' |. 7. Steering beam horizontally right with corrector magnets.
Fig. 1: LEA beamline. In this figure the beam direction is from left to right. B area radiation monitors. An area Fig. 5: First observation of electron beam in the 8. Steering beam vertically upwards with corrector and quadrupole magnets.
- i C : : L . LEA enclosure ”;Ieegz‘;gre]dB‘;T\'ﬂng signals on the 9. Steering beam horizontally left with corrector and quadrupole magnets.
= As presently installed, the LEA beamline itself occupies  — T radiation monitor is pOSlthﬂed within — 10. Steering low-energy beam vertically upwards with corrector and quadrupole magnets.
~15 m length within the LEA enclosure, terminating Ty ® the LEA enclosure. This was the first | | +" I developing these scenarios, parcular attenion 10— R
with an electron beam dump. A rendering of the M n 5 iIndication that electrons had been E was paid to the possibility of oversteering a low S oo ] ©
beamline in the enclosure is illustrated in Flg 2. A - " . g ol energy beam [11]. In this case, the assumed ~ o7E +
photograph of the LEA beamline is illustrated in Fig. 3. — [ successfully transportgd. Slgnals g deflection would arise from a large transverse S 82 o 4
were subsequently quickly observed s offset of the electron beam from the centerline of ;’ 0k
: multiple quadrupole magnets. The maximum S 0.3t ®
on the beam Curren_t mqmtors and s e s poter?tialqangulapr excursgi]on of an electron beam £ 00'212- O
beam position monitors in the LEA e usinBifM(i“jZ’;) e was determined using simulations in the code = oof -
enclosu re Slgnals On the flrst gI]_EA In this figgre, the begm trajectorygisfrom Ieft}ftz riglht. ELEGANT[12'14] In Simglation, we Con§idered T35 4 5 67 81960 7 4
" : L+ Dlotaxie i BPM index: the BN re not cqually spaced aiong the possibility of transporting electrons with energy Energy
electron beam pOS|t|On MONITOr WItNIN e bearine, BPMs 25-26 are the four BPMs in the LEA section as low as 25 MeV to the LEA enclosure. Using 3D o _ .
. . of the beamline. field mabs of the quadrupole and corrector Fig. 8: Calculated maximum excursion angle
the LEA enclosure are illustrated in s P Auadrupo’e ar of electron beam at LEA [12].
: b it 4000 magnets, the maximum excursion angle of the
Flg- S. 3 : electron beam at LEA was calculated over a range
" _ 0% of electron beam energies 25-400 MeV. Thisis
= The electron beam position was Eo illustrated in Fig. 8. ]
observed a|ong the BB and LEA i - " Subsequently, we can use these excursion angles :
b l : Il the BPMSs in both as input to radiological simulations. Radiological :
eamiines using a the S In bot ' o simulations of these loss scenarios were
transport lines. This is illustrated in T 2 (am) performed using MARS [15-18] and FLUKA
Fig. 6 1520} W corkl e sconatn Nomel
= With beam transported throuah to i 3000 electron beam dump is illustrated in Fig. 9. This
Fig. 3: Phgtogra oh of the LEA beamiine within the LEA enclosure. In this figure the T P . g _ 2 0 - simulations was performed assuming a 500 MeV Fig. 9: Radiological simulation of electron beam transport to
beam direction is from right to left. 4 LEA, we were able to beg|n tun|ng up . electron beam energy, scaled to a maximum the electron beam dump (Sceparlo 2) [21]. In this figure, the
. . _ ) beam trajectory is into the page.
= The electron beam source for LEA is the APS linac. At | and focussing the electron beam 5 1000 average electron beam current of 40 nA.
present, the APS linac is capable of providing electron L _ _ ) A = Maximum possible off-normal steering (vertical
beams with energies up to ~450 MeV. The electron using the beam proflle monitor o oo 10 excursion) of the electron is illustrated in Fig. 10.

beam is transported from the APS linac to the LEA

immediate|y adjacent to the electron (¢) Beam on, background subtracted This simulations was performed assuming a 300
enclosure by several sections of beamline, denoted as s

MeV electron beam energy, scaled to a maximum

the Particle A ator Ring b PB). the PAR beam dump. The visible area of the 800 average electron beam current of 40 nA. : i
e Particle Accumulator Ring bypass (PB), the ) Cerium-doped Yttrium Aluminium 600 = These scenarios were developed to understand : "

tO'BOOSter (PTB), and the Booster Bypass (BB) o _ 400 the safety consequences of proposed beam

transport lines. The PAR bypass and PTB have been Garnet (Ce:YAG) scintillator is 16 mm 200 conditions. Of particular importance is that the | |

previously used for electron beam transport, and so for | diameter. This is illustrated in F|g 7. 0 normal operational electron beam current from the oo

commissioning the LEA beamline, the main activity 19 i -ayoul of Booster Sypass G0 - PCGun (average 2 nA) is much lower than R

needed was to establish electron beam transport bearmlines. The election bearm an simulated here for safety.

th rough the BB and LEA beamlines. A plan Iayout of direction is upwards from the bcla:;%T):rgfﬁ;?rrm\gzigtoerle‘?:\:;)?ot;;es;?]:ltschi:\)v(?g:ﬁag:ncvah Fig. 10: Radiological simulation of maximum possible off-

. bottom of the page. Safety devices the electron b the middl ' sh : ith normal electron beam vertical missteer (Scenario 9) [21]. In
the BB and LEA beamlines and the LEA enclosure are . ighighted annotated. e v seamot T o pon e s figur, the boam rajctor i fom gt o et
illustrated in Flg 4. showing the electron beam distribution.
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