
The LHC Physics Center
Dan Green’s pioneering vision for global scientific collaboration



Enable CMS collaborators who live 10 000 000 
meters and O(10) time zones away to have the 
same impact in harvesting the scientific bounty 
of the LHC as those local to the host lab



…circa 1999



Concept of Virtual Control Room and 
Physics Analysis Center  
first proposed by Dan Green…

…circa 1999
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Dear Colleagues:
 
I am writing to respond to your letter concerning the LHC Physics Center at Fermilab. In that letter you expressed 
interest in the development of such a center and stated how important it would be for U.S. university groups to take 
full part in research with the CMS data sample. 

Both Fermilab and the leadership of the US-CMS research program have also expressed support for the LHC Physics 
Center (LPC) .  One goal of the center is the one you articulated, that is,  to make it  possible for U.S. physicists 
working on CMS to be innovative leaders in LHC physics. The other is that Fermilab remain an intellectual center for 
collider physics in the LHC era. I think that both of these goals serve the larger purpose of advancing particle physics 
in the U.S.

A broad group of the involved parties recognizes the need of a transition period in which physicists will share effort 
between CDF or D0 and one of the LHC experiments.  This sharing will make it possible to sustain the needed effort 
to operate CDF and D0 effectively, at the same time that it brings a lot of experience from the Tevatron program to the 
LHC. At our Annual Program Review, both CDF and D0 said that they are moving to make it easier for scientists to be 
an active member of their collaborations while sharing time with CMS or ATLAS.  P.K. Williams expressed to me his 
encouragement of the LHC Physics Center here as an effective way of sharing university physicists between CDF or 
D0 and CMS. 

I want to make the LHC Physics Center into one of the leading centers in the world for producing particle physics 
results, and am ready to commit resources to that end.  In planning this startup we will work closely with you and with 
leadership of the US-CMS research program to make sure that we are establishing an institution that serves all of the 
interested parties well.  

We plan to increase Fermilab staffing for CMS computing and analysis.  We will work to provide the appropriate level 
of  support  from computer  professionals.   We would also like to attract  a  few Research Associates with primary 
assignment to CMS over the course of the next year. In addition, we should be able to attract a Wilson fellow to CMS, 
a position that is at the level of an Assistant Professor. Finally, we are emphasizing the importance of this effort by 
having Avi Yagil invest a large part of his time in making it work.  We have encouraged him to attract additional help 
from Fermilab scientific staff on CDF and D0.

We hope that this initiative will help Fermilab to take a role in CMS and LHC physics that is larger than remote 
laboratories have been able to do on previous experiments.  The benefits of doing so will be large for Fermilab and for 
the U.S. physicists working on CMS.  

Sincerely,

 

Michael Witherell
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Over 50 University-based physicists visit LPC for > 2 weeks

…circa 2005



LPC bursting at the seams… …expand to the 10th floor
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The LHC Physics Center (LPC)  is pleased to announce a 
call for proposals for short stays at the LPC starting in 
June 2013.  

A modest amount of funding is available to support short 
one to three month stays at the LPC during the period 1 
June 2013 to 31 September 2013. Proposals are due by 
Friday 15 March, and should be submitted to Terry Grozis 
( tgrozis@fnal.gov ), in PDF format.  

The goal of the LPC Short Stay Guest Program is to 
promote all research activity on CMS, including analysis of 
data and work on detector upgrades.  The LPC is active in 
several CMS physics analysis areas, including:  Higgs 
properties, SUSY, Exotica, B2G;  physics objects groups, 
and participation in upgrade hardware and software 
projects.  The LPC has significant resources: a large scale 
computing facility, CMS software support, and a strong 
intellectual community with CMS leadership  in detector 
development, physics object reconstruction, and data 
analysis.

Faculty, post docs and graduate students are eligible.  Proposals should be no more than one page, 
describing the research and deliverables, as well as the rationale for conducting the work at the 
LPC. Clearly state the proposed start and end date and funding amount requested.  Proposals to 
support graduate students should be submitted by the major professor, proposals to support post 
docs should be submitted by the mentor/supervisor.  A review of the proposals will be conducted 
 shortly after the deadline with results communicated to the proponents expeditiously.

Elif Albayrak   Iowa 
Sunanda Banerjee  Kolkata 
Burak Bilki   Iowa 
Mehmet Deliomeroglu Turkey (Cukurova) 
Kamuran Dilsiz  Iowa 
Alejandro Gomez  Boston/Ecuador 
Yifei Guo   Peking 
Maksat Haymuradov Iowa 
Shilpi Jain   India (Delhi & Kolkata) 
Kittikul Kovanggoon  Texas Tech 
Nick Kypreos   Florida 
Terence Libeiro  Texas Tech 
Jia Fu Low   Florida 
Michael Luk   Brown 
Mikhail Makouski  Kansas State 
Yurii Maravin   Kansas 
Angela Marotta  Texas A&M 
Anthony Moeller  Iowa 
Roy Montalvo  Texas A&M 
John Neuhaus  Iowa 
Hasan Ogul   Iowa 
Neeti Parashar  Purdue-Calumet 
Myeonghun Park  Florida 
Doug Rank   Florida 
Valdas Rapsevicius  Florida 
Ernest Roncheck  Kansas State 
Aurore Savoy-Navaro CNRS-IN2P3 Paris 6 
Michael Segala  Brown 
Shruti Shrestha  Kansas 
Anil Singh   Panjab 
Jason St. John  Boston 
Suharyo Sumovidagdo UC Riverside 
Irakli Svintradze  Kansas 
Andre Sznajder  Brazil (UERJ) 
David Tersengo  Brown 
Emrah Tiras   Iowa 
Mehmet Virgili  Turkey (Cukurova) 
James Wetzel  Iowa 
Zhoulin Xie   Brown 
Taylan Yetkin   Iowa 
Kai Yi    Iowa 
Mohammed Zakaria  Florida 
Wei Zou   China (Peking)
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Fast forward 7 years…



October 1, 2018 | Cecilia Gerber and Sergo Jindariani

This event display from CMS shows a proton-proton
collision inside the Large Hadron Collider that has
characteristics of a Higgs decaying into two bottom
quarks. Image courtesy of CMS

Reflections from the LHC Physics Center on
observing the Higgs-to-bb decay

On Aug. 28, the CMS collaboration announced the
observation of the Higgs-to-bb decay mode with the
significance of 5 sigma. This is a major achievement
for the collaboration, as the bb decay mode is among
the most challenging ones to observe, despite having
the largest branching ratio.

At the dawn of the Large Hadron Collider run, many
deemed a 5-sigma observation in this channel to be
extremely difficult — borderline impossible. However,
the excellent performance of the LHC coupled with
major advancements in the analysis techniques made
the result possible way ahead of the expectations.
What is perhaps less known is that the roots of the
CMS Higgs-to-bb analysis lie at the Fermilab LHC
Physics Center where, many years ago, former LPC
Distinguished Researchers Jacobo Konigsberg and
Jim Olsen initiated the effort and, seven years later,
brought it to the finish line.

Below you can find their reflections as well as
comments from some of the lead analyzers.

For CMS, the search for this decay mode was a seven-year quest. It was one of those pursuits for which
success was very far from guaranteed. We started at the LPC, in collaboration with Princeton, and built
together a team of several institutions that continued through LHC Run 1 and Run 2. We always had very
talented young people working on the team, and it is to their credit that we succeeded. We needed to
implement new techniques and sophisticated analysis strategies to get his done, be patient, gather more
data, and keep the team together working coherently through such a long period.

News at work

Discovery of Higgs to bb

Fast forward 7 years…
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News at work
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process, it quickly becomes a whole new area of research. It’s very exciting.
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This is pretty satisfying. I became involved in the search for the Higgs-to-bb
decay in 2008, after reading a paper that proposed an idea to search for this
channel in a new way that had not been previously emphasized at the LHC. The
effort in CMS started to ramp up in early 2011, when we still didn’t have enough
data to even begin. I started to travel to Fermilab to visit the LPC and
collaborate with the University of Florida group, and in that process, our two
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going to go for a first result with this little data we had to get us on the board,
and we built the effort from there.

That was exciting to finally see it, after a decade of hard work. We had this
collaboration that came out of the LPC, and having that venue, that incubator of
ideas, where we could sit there and brainstorm together — we got a lot of

mileage out of it.
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suffered from the largest background: seven orders of magnitude greater than
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I’ve been working on different aspects of this complex result over the years,
learned from and collaborated with many talented physicists. Now we’ve got it,
and I was part of the team — in fact responsible for the CMS Higgs-to-bb group
— that found it.

And it’s not the end of the story. We can exploit this Higgs boson decaying to bb as a tool, probing new
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— Caterina Vernieri (Fermilab), LPC distinguished researcher, convener of the Higgs-to-bb group
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This event display from CMS shows a proton-proton
collision inside the Large Hadron Collider that has
characteristics of a Higgs decaying into two bottom
quarks. Image courtesy of CMS

Reflections from the LHC Physics Center on
observing the Higgs-to-bb decay

On Aug. 28, the CMS collaboration announced the
observation of the Higgs-to-bb decay mode with the
significance of 5 sigma. This is a major achievement
for the collaboration, as the bb decay mode is among
the most challenging ones to observe, despite having
the largest branching ratio.

At the dawn of the Large Hadron Collider run, many
deemed a 5-sigma observation in this channel to be
extremely difficult — borderline impossible. However,
the excellent performance of the LHC coupled with
major advancements in the analysis techniques made
the result possible way ahead of the expectations.
What is perhaps less known is that the roots of the
CMS Higgs-to-bb analysis lie at the Fermilab LHC
Physics Center where, many years ago, former LPC
Distinguished Researchers Jacobo Konigsberg and
Jim Olsen initiated the effort and, seven years later,
brought it to the finish line.

Below you can find their reflections as well as
comments from some of the lead analyzers.
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2018 LPC Distinguished Researchers

S.Jindariani, USCMS meeting, May 20186

• Current and future leaders in HEP, responsible for many activities @LPC 
and in CMS

• In 2018 we have 15 DRs: 3 seniors (faculty), 12 juniors (postdocs) including 
from institutions in Italy and Korea

http://lpc.fnal.gov/fellows/2018.shtml

FermiNews:	http://news.fnal.gov/2018/01/lpc-announces-2018-cms-lpc-distinguished-researchers/

LPC Distinguished Researcher Class of 2018



Attended by over 70 1st and 2nd year grad students!
J-Term:  Intro to CMS at the LPC

…circa 2006



Principle engagement program of the LPC



https://www.physics.purdue.edu/particle/ejterm/

EJTERM highly successful!
It th b di t f th t h d

Cavanaugh/Shipsey 7

It was the embodiment of the atmosphere and 
spirit we are establishing at the LPC.

Principle engagement program of the LPC



CMSDASia Introduction Chen/Malik/Shipsey 12 

"Tell me and I forget, 
show me and I remember, 

involve me and I understand." 

CMSDAS is a Collaboration between the 
students and teachers 







Photon Contamination in 900 

GeV Data

JTerm 9 January 2010

Facilitators: Andrew Askew (FSU), Vanessa Gaultney 

(FIU), Yuri Gershtein (Rutgers), Tia Miceli (UCD)

Participants: Eric Appelt (Vanderbilt), Sushil Chauhan 

(DU Dehli), Irakli Chakaberia (KSU), Carley Kopecky 

(UCD), Duong Nguyen (Brown), Mani Tripathi 

(UCD)
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ECAL NoiseNoise and The Rook Cut

Cosmics Cuts

- L1_SingleTriggerEG2==0
- hcaliso < 1.0E-5

- hadOverEm < 1.0E-5
- ntrksol == 0

- !t(seed - neighbor) < 1
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Noise Cuts

- L1_SingleTriggerEG2==0
- hcaliso < 1.0E-5

- hadOverEm < 1.0E-5
- ntrksol == 0

- nCosMu == 0

- nMuons == 0
Cosmics above R=0.1 can 

account for noise.

Cut on Cosmics, cut on R>0.1...

Saturday, January 9, 2010

Carley Kopecky

• Noise
   Cosmics in Time
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Conclusions
Conclusions

• Beam Halo contribution is small

• Rook effectively eliminates noise

• Cosmics and QCD account for our photon 
candidates... all of them.  No strong candidates YET

Looking Ahead
• Noise is unexpectedly high - something to study

• Study was limited: low energy, low stats, etc etc 

• The exercise is completed once we publish the 
direct photon cross section.  

16











Cavanaugh/Shipsey 31 



Legacy: EJTERM participants stay connected
Several of the groups formed at EJTERM are working together 
now through first papers examples: photons, quarkonia

Cavanaugh/Shipsey 9









From J-Term to EJTerm to CMS Data Analysis School



From J-Term to EJTerm to CMS Data Analysis School

• Adopted by CMS • Has transformed the way the 

entire CMS Collaboration 

educates young students 

and post-docs. 



Some seminal contributions of the LPC to CMS



Led by Liz Sexton-Kennedy…

…circa 2006
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Highlights of test-beam and SiDet activities

S.Jindariani, USCMS meeting, May 2018

Precision Timing:
• measure the performance of ETL and BTL 

sensors
• Irradiated and pre-irradiated LGAD 

sensors tested

Several	campaigns	at	the	Fermilab test	beam	facility	

Outer Tracker
• measure the performance of OT prototypes of 

growing complexity
• Characterization of prototypes in lab, using 

Sidet facility
• OTSDAQ development

Pixels
• RD53A chip is functional and we can read 

it out using the Yarr software
• Integrating Yarr with OTSDAQ for 

operability with beam telescope
• Anticipating getting first bonded 

chip+sensor assembly this month

HGCal
• Measuring thermal and mechanical 

properties of the HGCal silicon modules
• Testing the CO2 cooling performance of 

the HGCal cassettes
• Investigating fabrication accuracies with 

CMM machines
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chip+sensor assembly this month

HGCal
• Measuring thermal and mechanical 

properties of the HGCal silicon modules
• Testing the CO2 cooling performance of 

the HGCal cassettes
• Investigating fabrication accuracies with 

CMM machines

The Test Beam Facility has become a behive of activity
Supporting CMS
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Jeff Berryhill and Dan Green’s Team





Ian Shipsey
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LPC Physics Highlights - searches

S.Jindariani, USCMS meeting, May 2018

Z’à ttbar combination
(B2G-17-017)

SUSY	with	boosted	Higgs
(SUS-17-006)

Semi-visible	jets	(EXO)
Mono-top
EXO-16-051

Vector	Like	Quarks
B2G-17-011

Electroweak	SUSY	(SUS-17-004)

…circa 2018

Myrid of recent results involving the LPC
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LPC Physics Highlights - measurements

S.Jindariani, USCMS meeting, May 2018

Hadronic	Top	charge	asymmetry
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Tribosons (SMP- 17-013)

ttH observation:	HIG-17-035

VHàVbb evidence		
HIG-16-044

ggH Hàbb HIG-17-010
and	
Phiàbb EXO-17-024

And	many	
others!

…circa 2018

Myrid of recent results involving the LPC



…circa 2018

Nearly 20 years after Dan’s first proposal…
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Authors for CADI lines

S.Jindariani, USCMS meeting, May 2018

Active	lines Published	lines

All: 127, USCMS: 52, LPC: 32
LPC/USCMS  = 62% 

All: 134, USCMS: 57, LPC: 38
LPC/USCMS = 67%

Majority	means	>	50%

…circa 2018

Nearly 20 years after Dan’s first proposal…



LPC Celebrating the 100th CMS Publication











Approaching 20 years…

…since Dan’s first proposal circa 1999
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The LPC had no real precedent

Scale, complexity, and geography of CMS unprecedented

The LPC has transformed the way we do science

The LPC represents a new form of scientific engagement 
enabling discovery

Approaching 20 years…

…since Dan’s first proposal circa 1999



Thank you Dan!

We stand on your shoulders….



many thanks to the former and current coordinators:
Sarah Eno, Avi Yagil
Dan Green(!), Chris Tully
Ian Shipsey
Meenakshi Narain, Boaz Klima
Cecilia Gerber, Sergo Jindariani

special thanks to the following for making it all happen:
Patrick Gartung
Charles Plager
Sudhir Malik
Gabriele Benelli
Marguerite Tonjes


