CXFEL Project: Compact X-ray Free Electron Laser
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v' CXFEL is a unique x-ray laser e Purpose-built labs ready
v’ First-of-its-kind instrument to study * Equipment prototyped by CXLS

biomolecules, quantum materials, and

atoms at ultrashort time and length scales * 2019 MSRI-1 Design Award

77 collaborators in 16 institutions

* Full-time Project Manager and
expert consultant in place
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CXFEL Work Breakdown Structure

1.1 Accelerator

1.2 Lasers

1.3 Science Endstations

1.4 X-ray Systems

1.5 Facilities and
Engineering

1.6 Validation of
Operational Capability

1.7 Project Management

1.1.1 Photoinjector

1.1.2 Electron Diffraction

1.2.1 Cathode Laser

1.3.1 AMO
(USS-A & CAM)

1.4.1 Hard X-ray
(CXLS)

1.5.1 Facility Upgrades

1.6.1 Accelerator
Commissioning

1.7.1 Project Office

1.1.3 Linac

1.1.4 EEX Line

1.1.51CS-IP

1.1.6 Beam Transport

1.3.2BIO 1.4.2 Soft X-ray 1.5.2 Facility Operations & S 1.7.2 Broader Impacts /
1.2.21CS Laser (XIS & USS-B) (CXFEL) Maintenance 1.6.2 Laser Commissioning Outreach
I I I I I
. 1.3.3QM 1.4.3 X-ray Systems 1.5.3 Computing and 1.6.3 Hard X-ray (CXLS) . .
1.2.3 Experimental Lasers (USS-Q) Management Storage Commissioning 1.7.3 Advisory Committees

1.2.4 Beam Transport and
ICS Focus

1.3.4 Sample Delivery

1.1.7RF

1.1.8 Magnets

1.2.5 Diagnostics

1.3.5 Endstation Controls

1.1.9URHV

1.1.10 Diagnostics

1.1.11 Timing Systems

| 1.1.12 Interface Hardware |

1.1.13 Accelerator
Integration

1.1.14 Accelerator
Management
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1.2.6 Timing Systems

1.3.6 Data Acquisition
(DAQ)

1.2.7 Interface Hardware

1.3.7 Data Analysis

1.2.8 Laser 1.3.8 Controls, DAQ,
Integration Analysis Integration
| |
1.2.9 Lasers 1.3.9 Al/ML Endstation
Management Control, DAQ, Data Analysis
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1.3.10 Endstation Support
SW Management

Wy
f
X

1.54CXLS & CXFEL
EPICS Controls

1.6.4 Soft X-ray (CXFEL)
Commissioning

1.7.4 All-Hands

1.5.5 Secure Data
Management

1.6.5 AMO (USS-A & CAM)
Commissioning

1.7.5 Materials and
Supplies

1.5.6 Facilities and
Engineering Management

1.6.6 BIO (XIS & USS-B)
Commissioning

1.7.6 Dissemination

1.5.7 Environment, Safety,
and Health

1.6.7 QM (USS-Q)
Commissioning

1.7.7 Vendor Oversight

1.6.8 Controls, DAQ,
Analysis Commissioning

1.6.9 Validation of
Operational Capability Mgmt




NSF Biological ASU Knowledge
Sciences Directorate Enterprise Exec VP
‘ X F E L O rg ‘ h a rt Senior Mgmt Sally Morton
- I
NSF Large NSF PO ASU Biodesign Project Mgmt
Facilities Office — Steve Ellis Executive Director [~  Advisory
M a ps d i rect Iy to W BS Liaison Joshua LaBaer Committee WBS Level 2
[ T
I WBS Level 3
CXFEL Management
Facility Project Director: William Graves
: Scientific Director: Petra Fromme ASU Oversight
AQVISOTy ™ et Engineer: Mark Holl
Committee Project Manager: David Winkel SR Oversight
Bus. Operations Manager: Deanna Clark
|
[ I I I I ]
1.1 Accelerator 1.2 Lasers 1.3 Science Endstations 1.4 X-ray Systems ‘ 'SEi:?r:lelt:;:nd it Valld%l::ag”?yperatlonal
William Graves Robert Kaindl (interim) Petra Fromme Mark Holl (interim) Mark Holl Robert Kaindl
| | | | | | | |
1.1.1 Photoinjector 1.3.1 AMO 1.4.1 Hard X-ray . 1.6.1 Accelerator
| 1.2.1 Cathode Laser Arvinder Sandhu (CXLS) 1.5.1 Facility Upgrades e
| 1.1.2Electron Diffraction | | | [ | |
I 1.3.2BIO 1.4.2 Soft X-ra 1.5.2 Facility Operations & o
| 1.1.3 Linac | 1.2.2ICS Laser Petra Fromme (CXFEL) y Maintyengnce 1.6.2 Laser Commissioning
|
- | | | | |
| 114 EFX Line | N 13.3QM 1.4.3 X-ray Systems 1.5.3 Computing and 1.6.3 Hard X-ray (CXLS)
.2.3 Experimental Lasers . R
Sam Teitelbaum Management Storage Commissioning
| 1.1.5ICS-IP | , : | r
| .
| 1.1.6 Beam Transport | 1.2.4 Beam Transport and 1.3.4 Sample Delivery 1.5.4 CXLS & CXFEL 1.6.4 Soft X_-ra_y ((_3XFEL)
I ICS Focus Alexandra Ros EPICS Controls Commissioning
| 1.1.7RF | I I | I
' e T (LSS cusRa RESAMELES L EEA
| 1.1.8 Magnets | Management Commissioning
| | | | |
| 1.1.9 UHV | 1 2.6 Timing Svstems 1.3.6 Data Acquisition 1.5.6 Facilities and 1.6.6 BIO (XIS & USS-B)
| o g =Y (DAQ) Engineering Management Commissioning
| 1.1.10Diagnostics | 1 | | |
I 1.3.7 Data Analysis 1.5.7 Environment, Safety, 1.6.7 QM (USS-Q)
| 1.1.11 Timing Systems | L2hlterace Hadware Sabine Botha and Health Commissioning
| I |
L1112 '"te"fa;ce Hardware | 1.2.8 Laser 1.3.8 Controls, DAQ, 1.6.8 Controls, DAQ,
Integration Analysis Integration Analysis Commissioning
1.1.13 Accelerator I I I
giegeston 1.2.9 Lasers 1.3.9 AML Data Methods 1.6.9 Validation of
I Management Abbas Ourmazd Operational Capability Mgmt
1.1.14 Accelerator I
Management 1.3.10 Endstation Support
SW Management
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Updated, fully loaded, and resource leveled project file Critical Additional =
LOW-SChEd u Ie-Float Paths and equipment acquisition plan files available on request. Path I_| t‘;‘r’:’vg‘r’:etnt pa't'h's'E
Calendar Year 2023 2024 2025 2026 2027
Quarter Ql Q2 Q3 Q4 Q1 Q2 Q3 Q4 Ql Q2 Q3 Q4 Ql Q2 Q3 Q4 Ql Q2 i Q3 Q4
Milestones JFMAMIJ JASONDIJ FMAMIJJASONDIJFMAMIJJASOND JFMAMIJJASONDIJFMAMIJ JIASOND

Q

Facility Complete

DIRA Laser
Complete

CXFEL
First Light

o O

CXFEL Electrons

1.1 Accelerators Procurements & QC Receiving, Accelerators Team Training

WABS L3 Subsystem Assemblx & Test |

Accelerators Integration

1.2 Lasers Procurements & QC Receiving, Laler Team Training

:
i |

WBS L3 Subsystem Assembly & Test

| Lasers |

tegratiol |

1.3 Science Endstations Procurements & QC Receiving, Endsfation Team Training

[

USS-A & CAM Endstation Assembly & Test

[amo

XIS Endstation & Sample,

Delivery Assembly & Test

USS-8 Endstation Assembly & Test |

QO

Threshold KPP & SRO
(Early Finish Date)

i 6-month
: schedule float

—

1.4 X-ray Systems |

Procurements & QC Receiving, Laser Team Training

CXLS
X-ray @ptics Integration

1.5 Facilities and Engineering

| CXFEL Facilitx UEﬁrade

| Matrixed Engineerinﬁ Support of WBS L2 & Maintenance o

1.6 Validation of Operational

| X-ray Optics ||

Capability
* Schedule is fully loaded and leveled.

* Compliant with GAO guidance and
analyzed with Steelray project analyzer.

XIS Endstationd = |
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5,700 line MS Project Schedule.
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Risk Management Plan Supports Contingency Estimates

Based on NSF RIG (SeCtion 62) =Cost (Base+Unc+Risk)
CXFEL risk register drives progression through risk 1.6 0%
management processes 4] S Udeet conti
. . . . udget contingency:

A copy of the risk register file has been provided 2] $14M (~20% of base)
to the panel 5101 (85% confidence)
Major CXFEL risks: 209

Inflation of equipment costs Sos]

=End (Base+Unc+Risk)
Procurement delays 4 13172026
Personnel losses

Risks support Monte Carlo analysis — 5,000
simulations of the project cost and schedule using
Palisade @RISK

Schedule contingency:
6 months (=11% of base)
(75% confidence)

8/1/2027
11/9/2027
2/17/2028
5/27/2028

9/4/2028

12/13/2028

3/23/2029

Monte Carlo Analysis of Cost (Top) and Schedule (Bottom)
m Binr:_lesign Performed using Palisade @RISK Software
Institute

Arizona State University
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