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How it all began…..

• After completing my Master’s in Physics at Pune University, I faced a choice: pursue a PhD 

position or join the Bhabha Atomic Research Centre (BARC), Department of Atomic Energy 

(DAE) Training School.

• I chose BARC.

• It was an intense year covering all areas of DAE - with exams every Monday! Your final 

ranking determined your field. 

• Fortunately, I secured a position in a new accelerator-focused centre in Indore.

• That is how my journey in accelerator physics began.

“Final ranking opened a door to a field that would 
shape the next four decades of my life..”
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Centre for Advanced Technology, Indore
(Changed to RRCAT in 2005)

• We began in a rather unusual way – in a palace. 

• Directorate and accelerator beam dynamics 

section were initially placed in this beautiful palace.

• First quarters (accommodation) were ready for us 

to move in 1986.

• Over the next few years, laboratories and other 

amenities like school, sports facilities, dispensary, 

shopping complex, gardens were built.

“As young scientists, we had the rare privilege of 
helping build a new centre.”
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Computer Facility

CAT Newsletter, December 1988

“From two UNIX machines with a few megabytes of memory 
shared across terminals, to today’s world of personal laptops, 
high-performance clusters and cloud computing—the evolution is 
extraordinary – we could hardly have imagined in 1988.”
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First Trip Abroad ….. 

• My first international trip was to CERN 

Accelerator School in Salamanca, 

Spain.

• This was followed by a visit to Frascati in 

Italy. It was my first experience to see 

the operational accelerator ADONE (3 

TeV CoM electron-positron collider).

ADONE at Frascati, INFN

CAS, Salamanca, 1988

“I quickly realised I knew far less than I thought!”
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Phase 1

18.96 m

28.44 m

14 m

26 m

Phase 2

90 m

C: 172.278 m

2.0 GeV, 300 mA

700 MeV, 10mA
TL2

Designing INDUS Facility

• We were tasked with designing India’s first 

synchrotron radiation source from scratch.

• Concept, layouts agreed early 1990s, 

alongside engagement with users and 

industry.

“Starting from a blank sheet was both 
empowering …. and slightly daunting.

Every mistake was educational – just 
sometimes very memorable.”
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Team of Five

Gurnam Singh 
Team lead

Gajendra Sahoo
Ring Lattice Design, 
Dynamic Aperture

Beni Singh
Injection, Extraction,
Insertion Devices

Me
Transfer lines, Collective 
Effects, Beam Lifetime

Ajay Ghodke
Closed Orbit, 
Collective Effects

Beam Dynamics Team in INDUS Control Room (1994) 

V. Petrov
BINP Visitor

S. Kiselev
BINP Visitor

“In hindsight, we were either very brave …. or slightly naïve.”
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First International Seminar
My first presentation of INDUS-1 design to 

International experts. 

Prof G Kulipanov, BINP, Novosibirsk, Russia

Prof Yash Pal, UGC, India

S Ramamurthi
Head, Accelerators

“No animations, no backups. The real challenge 
was keeping the transparencies in sequence.”
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The Pre-injector : Microtron

A 20 MeV, 30 mA classical Microtron was designed, 

developed and constructed at CAT in collaboration 

with Kapitza Institute for Physical Problems, Moscow.

Started commissioning of Microtron in late 1992. The microtron was commissioned towards the 

end of 1994, with TL1 optics optimised for injection into the Synchrotron.
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The Injector System

• An injector system with many components – 

each working perfectly…just not always at the 

same time.

• Injection, ramping & extraction …and a 

constant effort to understand losses, orbit and 

efficiencies!

Circumference = 28.44 m

RF = 31.613 MHz

Multi-turn injection with 2 µs pulse from Microtron filling 18 turns

Fast kicker extraction of two bunches

The synchrotron radiation emitted by accelerated 

beam in the booster ring was observed first time 

in September 1995. 

“A complex system that taught us patience, 
persistence….and a lot about beam behaviour.”

DCCT signal during ramping in synchrotron Current signals in TL-2 and INDUS-1
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First International Conference on SRS 

First introduction to 
Prof Neil Marks

Prof Herman Winick, Deputy Director, SSRL, USA, delivering the 

keynote address at the International Conference on Synchrotron 

Radiation Sources held at CAT during Feb 3-6, 1992.

Around this period, Prof Swapan Chattopadhyay (visiting CAT from 
Berkeley) suggested to register for part time PhD with him; this was turned 
down by management as our priority was commissioning of INDUS.
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INDUS-1 Success

Energy: 450 MeV

Circumference : 18.966 m

Combined function lattice (FI: 0.5)

Current: 100 mA (200 mA achieved)

Bending field : 1.5 T 

C : 61.38 Å, 30.69 Å (Wiggler)

RF : 31.96 MHz

Tune : 1.88, 1.22

INDUS-1 facility was fully commissioned early 1999. 

Current signals in TL-2 and INDUS-1

“24 hours commissioning – many important 
milestones achieved between midnight to 3 a.m.”
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INDUS-2 Design 

• We completed 2 GeV INDUS-2 design in 1997.

• On the recommendation of International Advisory 

Committee in 1998, energy was increased to 2.5 GeV. 

• The IAC also recommended to change the RF 

frequency from 189 MHz to 505 MHz.

• Beam lifetime at the injection energy (700 MeV) was 

critical to store required beam current.

• Bunch lengthening due to single bunch collective 

effects and beam emittance increase due to Intra Beam 

Scattering (IBS) at injection helped to increase lifetime. 

Decision to change the frequency was confirmed 

based on beam dynamics analysis carried out by 

me working with the RF team. 

Energy: 2 GeV  → 2.5 GeV

Circumference : 172.278 m  → 172.474 m

Expanded Chasman Green Lattice

Current: 300 mA

Bending field : 1.2 T → 1.502 T

C : 1.986 Å (BM), 0.596 Å (HFW), 1.659 Å (MW)

RF : 172.278 MHz → 505.812

Harmonic number : 109  → 291

Tune : 9.2, 5.2
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Russia Experience

• While INDUS-2 was underway, I visited 

Novosibirsk, Russia on accumulated 

Annual Leave (May 1998 - January 1999).

• I was welcomed by Budker Institute of 

Nuclear Physics (BINP) team to contribute 

to R&D on Synchrotron Radiation Sources.

• It was invaluable technical and cultural 

exposure. 

“The temperatures were extreme …. but the keyboard and script 
were even more challenging.”

From +45C to -30C
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MOVE FROM INDIA TO EUROPE

• Due to personal reasons, decided to move to 

Europe in 1999 whilst keeping my job in CAT. 

• Secured a position at CERN as Scientific Associate 

provided my job at CAT remains valid!

• I joined SL/AP group on 1st August 2001 reporting 

to Daniel Brandt and Luc Voss.
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IBS Estimates for LHC

• First time working on protons! I started looking at Intra 

Beam Scattering (IBS) growth rates for LHC.

• There were inconsistencies in growth rates estimated 

by different people. Francesco Ruggiero (SL/AP GL) 

insisted we urgently re-examine every assumption. 

“That experience showed me that good leadership in 
accelerator science is about asking the right questions 
and making sure the team truly understands the 
physics behind them.”
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LHC Collective Effects

• Working with Luc Vos and Daniel 

Brandt, we carried out intermediate 

review of impedance and collective 

effects in LHC.

• I also received fantastic support from 

Bruno Zotter for his BBI code and Scott 

Berg for his Vlasov code.

• Communications and queries about this 

work continued until 2010’s from CERN. 
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Considering my CERN post was associated with my CAT job, I was looking for a job in Europe.

Advert at CCLRC – CERN Courier December 2001

Interview at RAL

Big Panel (7 members)

Ken Peach (Chair), Head of PPD

Vic Suller & Susan Smith, ASTeC for LC 

Chris Prior & Peter Norton, RAL for NF

HR Person

Tour of ISIS by Ian Gardener 
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• I received a call from Ken Peach next day with the offer for 

me to choose between leading LC or NF. 

• Without visiting DL, I took a decision to lead LC.

• However, I wanted to complete my year at CERN and so 

requested if I can join CCLRC after completing my CERN 

contract in August 2002.

• CCLRC/ASTeC kindly accepted my request to start on 2nd 

September 2002 (that was 8 months after my interview)!

CCLRC Interview Outcome

“One of my boldest decision to choose DL without 
visiting the lab – and one I never regretted.”
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First Introduction to ASTeC Team

I had an opportunity to meet some members of ASTeC team at 

EPAC02 in Paris first time in June 2002 before joining ASTeC.
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End of a Remarkable Journey at CAT

Group photo at my leaving do (August 2002): In 17 years, the Beam 

Dynamics team was doubled & the only female left.

I officially left CAT in August 2002 after 17 

years. 

INDUS-1 was fully operational and INDUS-2 

installation was underway.

I continued to support queries on INDUS-2 

until early 2010’s. 
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INDUS-2

INDUS-2 was commissioned in 2005 with 

17 beamlines operational from 2010.

Continued success and future 

expansion plans. 

Funding to build a 6 GeV INDUS-3 has 

been announced in February 2025.
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• Linear Collider activities were just getting 

started in UK, with start of collaborations 

on TESLA with DESY.

• I convened the meeting to review Optics 

and Collimation review of TESLA BDS – 

Zeuthen, 20th January 2004 with help 

from Nick Walker, DESY. 

Linear Collider Era

Next Linear Collider

Warm normal conducting technology

Crossing angles: 20 mrad & 30 mrad

TeV Energy Superconducting Linear Accelerator 

Main IP Head-on 

34 mrad for  Collider

“This was the beginning of strong 
collaborations with Philip Bambade 
(LAL) and Oliver Napoly (CEA).”



• Linear Collider Accelerator Beam Delivery 

(LC ABD) bid was funded for three years 

(2004-2007) – 9.11 M

• The collaboration consisted of CCLRC & 

12 UK Universities

• At the same time, two accelerator 

institutes were funded and exciting period 

started…..

• Proposal for ATF2 at KEK, Japan as BDS 

final focus test facility to demonstrate 37 

nm beam size was published in August 

2005.

LC ABD1
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• EuroTeV programme of 28 institutes was funded by EU (2005-2009).

• I had three roles: WP leadership of LC ABD, WP Co-ordinator of 

EuroTeV and European Area Leader for BDS for Global Design 

Effort (GDE).

Linear Collider Momentum

“This is where my accelerator journey became a frequent flyer programme...”.

• International Technology Recommendation Panel chaired by Barry Barish was formed by 

ICFA early 2004. Decision on choice of cold technology was announced in August 2004.

• Crossing angle & solutions for extraction line after collision needed addressing 

urgently.
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Crossing Angle/ Costing/ 24h Work Cycle 

Technology

• 24-hour work across three 

regions – progress never 

stopped, sleep occasionally did.

• My first experience to carry out 

costing of large-scale 

accelerator, steep learning 

curve! 

RDR BDS Design Aug 2007

14 mrad crossing angle

1 IR and 2 push-pull Detectors
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• We started bid preparations for the next phase in 2006. 

• PPARC and CCLRC had merged as STFC in April 2007. 

• Cut down request of 3M/year for 3 years. Matching 

funding was through another EU program (EUCARD).

• However, due to funding shortfall, STFC announced “UK 

to withdraw from ILC” in the “Delivery Plan” on 11th 

December 2007.

• STFC agreed to pay UK contribution to ILC common 

funds, and we were encouraged to develop a “generic” 

programme on linear colliders. 

LC ABD2/ Funding Reality

“Just as the design was converging… reality diverged.”
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Concerns over few aspects of RDR design were raised in 2008. We started  looking at Minimum 

Machine with Central Region Integration.

ILC- Minimum Machine

Implications to 

installation, 

commissioning 

and running 

due to 

complexity of 

the central 

integration 

region. 

“My work on ILC period taught me that in large-scale accelerators, the technical challenges are 
only part of the story—the rest is costs, funding, coordination and communication”



Back to Light Sources from Colliders

• We produced a world-leading design for a 4th generation soft X-ray facility 

motivated by an undisputedly excellent scientific case within 18 months. 

• Due to financial constraints, the NLS project was put on hold, and we were 

told to come back in a few years time.

With ramping down LC activities, I had a possibility to work on ALICE. At the same 

time discussions around soft X-ray FEL design study were gathering momentum. 

Recognising need to develop switchyard/spreader designs, I registered for part 

time PhD in 2009 with Swapan – 17 years after first suggested ….. And project 

paused!
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CLARA Idea Emerging

Several critical R&D areas were 

identified during NLS design.

Ideas for FEL test facility at 

Daresbury started taking shape.

“When one project stops, another quietly begins.”.

30D Angal-Kalinin, IOP PAB Prize Talk, 30th June 2026



Electron Beam Test Facility (EBTF→VELA)

• We started exploring a possibility of designing 

a FEL test facility based on baseline NLS 

photoinjector at 1 KHz.

• Whilst these ideas are being explored and 

developed, ASTeC received 2.5 M funding from 

Capital windfall in 2011 (to be spent before end 

of March 2012!)

• Electron Beam Test Facility (Versatile Electron 

Linear Accelerator) based on a photoinjector 

was proposed by ASTeC.

17 August 2011

PM Confirms £10M Investment @ DSIC

“Nothing focuses the mind like ‘spend it 
before end of March’..”

31



Versatile Electron Linear Accelerator
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Accelerator design, technical systems specifications and Strathclyde gun …..

From funding announcement to first beam in less than two years! 

First beam April 2013

“We celebrated first beam briefly…and immediately followed by a long to-do list”
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User exploitation experiments delivered from Sep’2013 – 2015 with 5 MeV beam. 

First proof-of-principle Electron Diffraction experiments carried out.

10 Hz ALPHA-X 

gun from 

Strathclyde

Schematic of VELA

“Experiments worked… which was both a relief and the start of higher expectations.”

http://projects.astec.ac.uk/VELACLARAManual/index.php/File:VELA-CLARA_phase1_April_18.jpg
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10Hz gun

400Hz gun

VELA beam line

CLARA FE

We had two highly successful user runs on CLARA Front End – 2018/19 and 2021/22.

“Oversubscribed by a factor of two—which was very satisfying… and slightly stressful. 
It is when we realised that success means people want more beam time.”

http://projects.astec.ac.uk/VELACLARAManual/index.php/File:VELA-CLARA_phase1_April_18.jpg
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Many iterations were carried out for CLARA layout since CDR + FEBE line added in 2019

CLARA CDR Layout

CLARA schematic before 2019

CLARA with FEBE - Current

Space reserved for future upgrades

CLARA Evolution

120 TW Laser
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FEBE & New Capabilities

• FEBE beamline was approved ahead of Phase 3 (FEL). We started design of FEBE in 2018 with 

stakeholder engagement and lessons learnt for CLARA FE experiments.

• Design was reviewed in September 2020 before construction & procurement started.

• With impact/demand for high power laser, STFC approved funding for 120 TW laser in 2023.

2021 2025



Incredible & Resilient CLARA Team

CLARA achieved full capability in 2025 - more than a decade after CDR was published.

Without the incredible CLARA Team this would not have been possible…..
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First CLARA User Experiments (2026)

The flexibility of setting variety of experiments in FEBE was fully tested and validated 

during friendly user run this year. 
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UK XFEL CDOA (2022 – 2025)
A compelling science case was published and the demand for hard X-rays clearly emerged.

We have developed a conceptual design for next generation XFEL while assessing strategic options to 

meet user needs.
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UK XFEL CDOA

Over total 950 pages in total – to be published soon.

“Some people write novels—we write design reports.”

40
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Collider?
XFEL?

FOUR DECADES IN ACCELERATORS

“Four decades later, I am still discovering that accelerator projects take longer than expected.”

Thank you for listening!
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