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Fermilab Accelerator Complex

Project received

Main Injector DOE CD-3
7 120 GeV

approval in 2022

LLRF System

final design

=~ ~ review in 2024

cP - T A o iJBooster‘

=" SRF LINAC o -~ e LN Production stage
gl Ml =~ a2 2025/26

Upgrades for
Booster and Main
Injector for higher
beam power

May 2025
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PIP-11 800 MeV Superconducting RF CW Linac

5 flavors of SRF cryomodules (HWR, SSR1 SSR2, LB650, HBGSO) = ciiptical
3 harmonics of 162.5 MHz RFQ frequency (1,2,2,4,4) f HBB50 x 4
23 cryomodules (1+2+7+9+4) = Eyjiptical B 650 MHz
119 SRF cavities (8+16+35+36+24) I_I LB650 x 9
: 650 MHz
B=Single Spoke 2 .ﬁ_ R E
= SSR2x7

B== Single Spoke 1

— W= Half Wave
‘ — HWRx1
1625 MHz,

Cryoplant
2.5kW @ 2K

H- lon
source
T |

cns

Warm Front End Superconducting Linac
| SSR1 ssr2 | [ LB6s0 | ( HBES0 |
.|s llllgez.s MH;l[m MHz]l[azs Muz]l[eso MHz]l[ﬁso MHz]l
. 30keV 30keV 2.1MeV 2.1MeV 10.1 MeV 30 MeV 170 MeV 508 MeV 80&) MeV
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PIP-Il Warm Front End

« Two H-ion sources and Low Energy Beam Transport (LEBT) line in a Y-configuration
« 30keV, 15 mA, DC (one ion source from PIP2IT)
« Switching dipole magnet to select either source (from PIP2IT)

« LEBT with compact chopper (from PIP2IT)

« CW RFQ (30 keV — 2.1 MeV) (from PIP2IT)

* Four CW RF Bunchers

* Medium Energy Beam Transport (MEBT) line with bunch=-by-bunch

chopping system (i.e. 2 kickers + one 20-kW beam absorber)
(from PIP2IT) -

PIP-11 lon Sources and
power cabinets

Kickers

Bunchers
LEBT

chopper

LLRF system for RFQ, Bunchers and HWR is being upgraded — Poster 23
The Beam Pattern Generator drives the kickers and controls transfer to Booster — Poster 21

& Fermilab
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PIP-II Project Schedule

Fiscal Year
Quarter

2016 2017

2018 2019 2020 2021

2022 2023 2024 2025 2026 2027 2028 2029 2030
0203 040102030401 020304010203 04010203 040102030401 02030401 020304010203 04010203040102030401 020304010203 04 Q10203040102

Project Milestones

CD-0 ESAAB Approval

@ CD-1 ESAAB Approval
CD-3a ESAAB Approvalgp

PIP2IT

@ CD-2 ESAAB Approval

Shutdown Be
Shut
CD-3 ESAAB Approved

m to Switchyard 120‘

M Late CD-2 Dec 2032
own Beam to Experimental Program+p

Early CD-4 AppravalL

Install Test Infrastructure for HBE50 CM

HWPZIT Beam Commissioning
h

Connection

Linac Complex and Booster

Detailed/Final Design|

nfrastructure for SSR2

Install Test
I Procurgﬁgﬂ I

Linac Gallery Construction[

I — T 1T 1 —

) AUP High Bay Building
UP Linac Tunnel{p
4 F37 sérvige Building AUP

Booster C

AUP Linac Gallery

nnection Construcfon__ 1

Boodler Connection AUP€»

CryoModules

HB650 Prototype CM Integration and Testl

55R2 Procurements|

. LB650 Ple-Production CM Integration and Test

SSR2 Pre-Hroduction CM Integration and Test

LB Production CM Desigh Finalization

LB650 CM H

S5R2 CM Irg

HBG50 CM Integration and Te
SSR1 CM Integration a

roduction Phﬂ_ —
gegration and Test
3
d Test|

+

LBA50 CM Delivery[ ]

Cryoplant Building Construction

CryoPlant CryoPlant Received
CryoPlant Installation and Commissioning
Cooling infrastructure Installation
CDS Access Platform|[ ]
Gallery Infrstructure Installatio
. Cryomodule Installation and Checkout|
Installation

WFE Installation and

Instdll and Test Booster 20Hz Components

Install 800 MeV In
heckout W
[IHWR & 5581 Cooldown

Beam Commissioning

Bed

im Commissioning through WFE|

Linac Bearn Commissioning|
Beam Commissioning through Booster Injectio
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Booster Upgrades

Current Status
* System has been tested operationally since early June.

New Booster LLRF FPGA System Upgrade

8 88 6 a6
Current Study Accomplishments ‘°='g.ﬁ. RERERT
* Accelerated beam through transition to 8 GeV. FIF ¥
* Demonstrated phase damping and radial control. e ———— -

S EBBABAD 66

* Demonstrated beam capture and para-phasing.

* Demonstrated synchronous phase feed forward.

* Demonstrated transition control.

* Demonstrated program curve automation.

* Demonstrated M| / Recycler phase locking. =

* Demonstrated beam Notching, Ml reset, and Beam Extraction
(minor tweaks needed).

* Demonstrated fully functional Labview control interface.

UV TOUEREEE DRI

o="""

TN

Upcoming study plans:

* Cogging

» B-field jitter compensation.
* Flat injection incorporation.

& Fermilab
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Booster Studies
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Main Injector Upgrades

14 of 20 stations have all necessary cables pulled

First article of twenty 8kW solid state amplifier received i
- Expect 2 per Month from October 2025 - May 2026

All 20 of the 8 to 4 way combiners received ‘

Constructing new Grid Bias Power Supplies

Built 8 of 40 new Y567B Cavity Power Amplifiers

2= Fermilab
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Recycler
Ring

Beam Transport
& Delivery Ring~
7

=
s

10/13/2025

Muon g-2 Experiment

MUON g-2 2025 RESULTS Muon g-2 run has ended
Final data has provided a
measurement with a
precision of 127 parts per
billion

2= Fermilab
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MuZ2e Experiment

Recycler
Ring

Poster 22

10/13/2025
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Proton Beam

e,
o 7-\'7 7 _
W RS

Production Soleﬂ°id/ Detector Solenoid
- = D » Transport Solenoid — . ﬁ

Tracker

Muon
Stopping Target

MuZ2e installation and commissioning
over the next year with some run
time expected before the long
shutdown for PIP-II installation

A second run will follow PIP-II
installation, starting in 2030/31.
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MuZ2e Experiment

Feb 1 Project CD-4

Jan 2028
Resetl
PS Fabrication
TSU Fabricition and Collimator Install | Nov 2023 [completed] The CRV is well off the project critica | path
i 1
TSD Fabrication and Collimator Install | Feb 2024 [completed] i | I
] 1 ] I
L i | L L "
DS Fabrication arch 2026 [shippin ] .Solenoid KPEP T5
1 I T T L— May 2027
i 1 Install & Commission Solenoids | i I' :
1 1 e 1
i 1 : : W Bnergize Tuand TSd !
! ! ! ! ! Enerite PS :
i i Energize DS I
Accelerator and Beamline Construction h Acc KPP: TS g v g .
"~ - - 1 1 1
| 1 - : Dec 2025 ’ : |
TDAQ i : :
I T I I 1 g \Project
Tracker Construction/Installation/Integration ! 'Closeout
1 1
Calorimeter Construction/Installation/Integration | :
] I
H " : ” . 1 1
Cosmic Ray Veto/"Installation”/Integration | iProject chmplete
]
. ! ot Ry Svstem Tect : . ’ \Early CD-} August 2027
] I osmic Ray System Tes 1 ] ! .
: : : v - Detectpr KPP T5 : Project CD-4
| | ! | May 2026 R : Jan 2028

FY22 FY23 FY24
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LBNF - DUNE

Deep Underground Neutrino Experiment

Sanford
Underground
Research o
Facility =

,:-‘,»;’-7 5

_____

Incoming beam:
100% muon neutrinos

High intensity wide-band neutrino beam: produced from 120 GeV Main Injector. 1.2
MW with PIP-Il then upgrades to 2.1MW with ACE-MIRT and 2.4MW with ACE-BR

& Fermilab
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LBNF - DUNE

Long-Baseline Neutrino Facility

South Dakota Site Neutrinos from
. Fermi National

Accelerator Laboratory
in lllinois

Ross Shaft
1.5 km to surface

Facility
and cryogenic
support systems

One of four
detector modules of the
Deep Underground
Neutrino Experiment
4850 Level of
Sanford Underground
Research Facility
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Thank You |
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