The LHC Physics Center

Dan Green’s pioneering vision for global scientific collaboration
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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
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Concept of Virtual Control Room and
Physics Analysis Center
first proposed by Dan Green...
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In the words of Dan..
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In the words of Dan...
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In US CMS, planning is in place for a “collaboratory” or virtual
laboratory. Elements are Virtual Control Room (commissioning, shifts
and US accelerator community) and Physics Analysis Centers
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provide a nucleation point for a critical mass of physicists. This
support will go directly and solely to US HEP physicists.

US (SR 200
(15110
003

...circa 2003




In the words of others...

...circa 1999-2003



In the words of others...
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analysis.

Jim Branson - I also don’t have complete faith in videoconferencing for physics and would support
space for visitors (including myself) at FNAL. ---- If we don’t supply space we will never get the
critical mass to form there. ---- The US program will lose tremendously if we can only do forefront
physics by traveling to Europe.

David Stickland - I hope this gets support. I believe it is a sound model.

Bob Clare - I would greatly prefer to be able to do physics in the US instead of having to travel to
CERN. I see FNAL as the US CMS host lab and as the natural location for US based efforts.

Gena Mitselmakher - I like very much the concept of the virtual control rooms.

John Hauptman - You have my support on this issue. I forsee a strong center at Fermilab where I can
couple strongly.

Sarah Eno - its great to have students and postdocs around to work with. It makes research more
fun.

Jim Rohlf - I strongly support the idea of CMS data analysis in the US. ... I think you are acting on the
issue at just the right time

Chris Tully - if we really want to make this a world-wide effort on analysis, we need an more
convenient center in the US. I would therefore think it would be good to have a similair station at
Fermilab.. It would be important to have some leading physicists take extended stays at Fermilab.
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UNIVERSITY OF Sidariry S

University of Maryland
College Park, Maryland 20742-4111
eno@hysicsumd.edu

301.405.7179 TEL 301.699.9195 FAX

13 February 2004

Mike Witherell, Director

Fermi National Accelerator Laboratory
P.O. Box 500

Batavia, IL 60302

Dear Professor Witherell:

| am writing to you on behalf of a group of University professors who met on February 12, 2004 at FNAL to
discuss how to organize an effort to prepare for data taking and physics analysis with the CMS detector at
the LHC while at the same time fulfilling our ongoing commitments to experiments currently running in the
US, such as BaBar, CDF, and D@. We invited Dan Green, Avi Yagil, John Womersley, and Lothar
Bauerdick to our meeting, to help us understand whether our interests/needs coincide with the lab's plans
for an LHC physics center (LPC). The purpose of this letter is to inform you of our thoughts on this subject,
and also of the ways we hope the lab can help us on what we think is an effort which could very well
determine the health of our field in the United States, both during the LHC era and afterwards.

We unanimously agreed that the only way in the short term we could both prepare for CMS data taking and
continue our vital work on running experiments is to find a way to make it effective for postdocs and
students to work on both efforts at the same time, and the only way to do this is to cluster them in a place
like the proposed LPC. We were also all hopeful that, if started now, such a center could become our
preferred place for clustering even after the start of CMS data taking, so that we travel to CERN only
approximately 4 times per year, and travel regularly instead to FNAL to interact with our students and
postdocs. Whether this works or not depends crucially on the LPC becoming a power research center well
before the LHC data taking starts in 2007.

Most of the current indirect evidence for the scale of new physics hints that the LHC may be able to make a
major discovery shortly after tum on. The discovery will go to the collaborations and physicists that are best
prepared at the start of data taking. CMS takes this possibility very seriously, and has established the
“Physics Reconstruction and Selection” (PRS) groups to make sure the collaboration is prepared. Over the
next two years, this preparatory work will take the form of the writing of a “Physics TDR". If US CMS wants
to play a leading role in these discoveries, we need to lead in the preparation of this TDR through
participation in the PRS groups. We also need to do the kind of activities that are going on now within
CMS that will enable us to have an intimate understanding of the detector, especially participating in test
beams, but also understanding calibration systems, and the development of robust analysis tools. To be
successful, we decided we need the following:

* In the next 6 months: establish a physical place at FNAL in the Hirise with first class computing
and video conferencing for a core team of about six researchers working full ime on CMS who will
collectively develop expertise in all areas of the CMS reconstruction code and prepare to support
and help the postdocs who will join them, working part-time on CMS.

Within the next year: have an additional 10 University postdocs and some number of students
working part-time on CMS and part time on a running experiment join the core team. These part-
time postdocs and students would need desks in the same physical location as the 6 core
researchers.

In the following years: increase the number of University postdocs shared between CMS and a
running experiment to 20 by the end of 2005 and 35 by the end of 2006, and start to have students
who will do an LHC thesis working at the center.




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 DO and one of the LHC experiments. This sharing will make it possible to sustain the needed effort
to operate CDF and DO 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 DO 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. PXK. Williams expressed to me his
encouragement of the LHC Physics Center here as an effective way of sharing university physicists between CDF or
DO 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 DO.

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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Sarah Eno...

CMS101 Agenda L2

S CMS101 hon b o 303
)

DatelTime: Friday 08 July 2005 from 09:30 to 12:00
Location: FNAL: Wilson Hall 11 NE
Chairperson: 5_Eno

Description: This meeting will take piace at 9:30 AM FNAL time on the 11th fioor of the high rise, NE conference
room.

Video conferencing will also be available via VRVS.

Friday 08 July 2005

09:30 Introduction to CMS (30 { B more information ) Eno, S

(UMD)
10:00 Introduction to the Detector (25 { B more information ) Freeman, J.
10:25 Introduction to the Trigger (15 { B more information ) Chumney, P.
(University of Wisconsin)

10:40 Coffee Break

10:55 Introduction to the Software (25" { B more information ) Gershtein, Y.
11:20 Introduction to the FNAL UAF (159 { B more information ) Wenzel, H
11:35 The LPC (15) { B more information ) Sarah Eno

US CMS Meeting, Nebraska

...circa 2006




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 LPC has (distinguished) visiting scientists & weekly seminars
 The LPC hosts schools & topic focused meetings on site
 The LPC is championed by CMS!
 The LPC is duplicated by others! Intensity Frontier, etc




LPC GUEST AND VISITOR
PROGRAM

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
( tarozis@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 g
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.
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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 H

Friday 15 March, and should be submitted to Terry Grozis th undres Of

( tgrozis@fnal.gov ), in PDF format. Q G p
Ue art

. Icj
The goal of the LPC Short Stay Guest Program is to S’nce it St & V’SIt pantS in
promote all research activity on CMS, including analysis of S InCe . o Pro
data and work on detector upgrades. The LPC is active in ptlon gr. arn
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 stro~~

intellectual community with CMS leader~*-" 2 weeks— 3

development, physics object 3

analysis. Dura“o‘t‘s OS‘. doCS n

Faculty, post docs and gradua stude“ ’ m \‘\Ome ‘_\ ng etc,‘ fro .~ pdge,

o uie work at the

describing the research and de . end fro hous
LPC. Clearly state the propose 3‘“‘) Up Oﬂ» k _ _..wuntrequested. Proposals to
support graduate students shot \_Oca‘ S .. major professor, proposals to support post
docs should be submitted by the _..eupervisor. A review of the proposals will be conducted

shortly after the deadline with results communicated to the proponents expeditiously.
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LPC Fellows Program, aka
LPC Distinguished Researchers

Very competitive!

ders resident at LPC for 1 Year

Junior scientists distinguish themselves, establish
iIndependent research program

Model duplicated by ATLAS, Belle, and Intensity Frontier
...circa 2011






14 Fellows in 2011
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Discovery of Higgs to bb
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It is a highly satisfying accomplishment, and now it’s a very popular endeavor. It
happens like that in particle physics: When you establish the existence of a new
process, it quickly becomes a whole new area of research. It’s very exciting.

— Jacobo Konigsberg (University of Florida), former LPC distinguished
researcher, former convener of the Higgs-to-bb group
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Discovery of Higgs to bb

mileage out of it.
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It is a highly satisfying accomplishment, and now it’s a very popular endeavor. It
happens like that in particle physics: When you establish the existence of a new
process, it quickly becomes a whole new area of research. It’s very exciting.

— Jacobo Konigsberg (University of Florida), former LPC distinguished
researcher, former convener of the Higgs-to-bb group

This is pretty satisfying. | 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. | started to travel to Fermilab to visit the LPC and
collaborate with the University of Florida group, and in that process, our two
Higgs-to-bb groups started to solidify our efforts. We basically decided we were
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

— James Olsen (Princeton University), former LPC distinguished researcher, former CMS Higgs convener
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mileage out of it.

It is a highly satisfying accomplishment, and now it’s a very popular endeavor. It
happens like that in particle physics: When you establish the existence of a new
process, it quickly becomes a whole new area of research. It’s very exciting.

— Jacobo Konigsberg (University of Florida), former LPC distinguished
researcher, former convener of the Higgs-to-bb group

This is pretty satisfying. | 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. | started to travel to Fermilab to visit the LPC and
collaborate with the University of Florida group, and in that process, our two
Higgs-to-bb groups started to solidify our efforts. We basically decided we were
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

— James Olsen (Princeton University), former LPC distinguished researcher, former CMS Higgs convener

P o

I’m super happy about this result. Yesterday [Aug. 28] we made the
announcement, and I’m still smiling. My interest in this topic started in 2009
when | was a summer student at Fermilab, when | didn’t know anything about
physics. | eventually moved to CMS as a grad student in 2012, around the time
of the Higgs discovery. We realized that the Higgs decay into two bottom quarks
was the largest branching fraction. It’s extremely challenging to identify. It
suffered from the largest background: seven orders of magnitude greater than
the signal. But | was excited to study it.

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 | 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

physics processes.

— Caterina Vernieri (Fermilab), LPC distinguished researcher, convener of the Higgs-to-bb group
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J-Term: Intro to CMS at the LPC
Attended by over 70 1st and 2nd year grad students!

...circa 2000



Principle engagement program of the LPC

Address | &] htip: /fwww.uscms.org/LPC fworkshops.htm
Googlev v| |Gl search - & § S 292blocked *¥ Check ~ “X Autolink -~ kd options

J-Term at the LPC

Want to learn more about the physics potential of the LHC? Want to learn everything there 1s to know about the CMS detector?
Want a detailed introduction to the new software framework, CMSSW? Come to J-Term at the LPC. The list of registered attendees
can be found here.

Jan 10, 2006 Jan 11. 2006 Jan 12 2006. Jan 13

The theory session 1 on the afternoon of Jan 11. Chrig Quigg has recommended reading for students attending this session

E. Eichten, I. Hinchliffe, IX. Lane, and C. Quigg, Supercollider physics, Rev. Mod. Phys. 56, 579 (1984).

C. Quigg, Nature's Greatest Puzzles, http://arxiv.org/abs/hep-ph/0502070.

F. Gianott1 and M. Mangano, LHC physics: the first one--two years, http://arxiv.org/abs/hep-ph/0504221.

K. Wilson, Some Experiments on Multiple Production, CLNS-131 (1970) http://lutece.fnal. gov/Papers/KenWilson.pdf

On the afternoon Jan 12, 2006, there will be a tutorial on CMSSW, run by Jeremy Mans. To participate in thig tutorial, to be held in
the LPC transient area, you will need a UAF account

(http://www.ugems. org/Software Computing/UserComputing/ GetAccountFermilab.html) We prefer you use your own lap top, but
there are a limited number of public terminals available. Contact Jeremy Mansif you would like to reserve one of these
(ymmans(@tnal. gov)




Principle engagement program of the LPC

€| http: /Awww . Lscms.org/LPC fworkshops.htm

Googlev v| |Gl search - & § S 292blocked *¥ Check ~ “X Autolink -~ kd options

J-Term at the LPC

Want to learn more about the physics potential of the LHC? Want to learn everything there 1s to know about the CMS detector?
Want a detailed mtroduction to ew coftware frameworlk, CVSSW? Co o J-Ter )" The list of recistered at
can be found here.

Jan 10, 2006 Jan 11, 2006 Jan

The theory session is on the afy EJTERM Jan 5-9 2010 at LPC, FNAL

E. Eichten, I. Hinchliffe,
C. Quigg, Nature's Grea

F. <:;£gii;5{ri and M. Mang . COMMISSIONING AND ANALYSIS OF EARLY
K. Wilgon, Some Experi DATA WITH CMS

On the afternoon Jan 12, 2006,
the LPC transient area, you wil
(http://swww.ugems. org/Softwe
there are a limited number of p
(ymmans(@tnal. gov)

Registration for EJTERM and the agenda are at:
http://indico.cern.ch/conferenceDisplay. py?confld=69600
(Please note: to register a CERN e-mail (NICE) account is required.)

Speakers for opening session

+ Joe Lykken FNAL "The Really Big Picture"

a Erir Drahue ENIAL "I HEC in Cantavt and Currant Cratine?”



"Tell me and | forget,

show me and | remember,
Involve me and | understand.”

f
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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)




Photon Contamination in 900
GeV Data

JTerm 9 January 2010

Ve Vo th i 2N

Facilitators: Andrew As T ~ -
(FIU), Yuri Gershtein (R Noise and The Rook Cut

Rook Ratios
Participants: Eric Appelt| Cosmics Cuts

(DU Dehli), Trakli Chaka |~ ! >inglehegerbG2==0 * Noise

(UCD), Duong Nguyen (/|- hadOverEm < 1.0E-5 — Cosmics in Time

ntrksol == 0
(UCD) At(seed - neighbor) < 1

T N Y

[y
Noise Cuts H:l T - ﬁ’ ITT T'
L1 SingleTriggerEG2== f JJJ f W T

hcaliso < 1.0E-5

hadOverEm < 1.0E-5 0 0.1 0.2 03 04 05 0.6 0.7 0.8 09 1

_ Ratio
ntrksol == 0
nCosMu == Cosmics above R=0.1 can

nMuons == ( .
account for noise.
Cut on Cosmics, cut on R>0.1...

9

Carley Kopecky



Photon Contamination in 900
GeV Data

JTerm 9 January 2010

Ve Vo th i 2N

Facilitators: Andrew Ask T ~ -
(FIU), Yuri Gershtein (Ri Noise and The Rook Cut

Rook Ratios

Participants: Eric Appelt | Cosmics Cuts
(DU Dehli), Irakli Chaka L1_SingleTriggerEG2==0

hcaliso < 1.0E-5
(UCD), Duong Nguyen (

e e Noise
- — Cosmics in Time

Entries

hadOverEm < 1.0E-5
ntrksol ==

1025—

(UCD) At(seed - neighbor) < 1
Conclusions
Noise Cuts T
L1 SingleTriggerEG2==0 ® Beam Halo contribution is small

hcaliso < 1.0E-5

® k effectively elimin noi
hadOverEm < 1.0E-5 Rook effectively e ates noise

ntrksol == ® Cosmics and QCD account for our photon
Elg/losé\r/g — candidates... all of them. No strong candidates YET
u jr——t—

Carley Kopecky

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.
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33. Has EJTERM enabled you to make new connections to CMS

members or groups that you envisage will be helpful in your future

analysis and other work for CMS?

Indeed it has

Most definately.

met at Fermilab.

yes!

Yes

yes indeed, its great opportunity

Yes.

Yes, definitely! Thank you, organizers!
Yes

yes

Yes

Yes

34. Has EJTERM been a valuable experience for you?

| # | Answer

1
2

No, | already knew the professors in my group and connected with them 2 years ago when | was sent to
Fermilab. But | still work with them. Now | REALLY wish they had a JTerm at CERN. I've been sent to
CERN now and I'm having trouble connecting with students/postdocs/professors. | still email the folks |

Yes

Total l

No ‘ \ 0

1. lama:

‘# Answer
1 | Graduate Student

2 | Post Doc
3 | Senior Scientist ;

4 | Faculty Member
| |Tota| |

Response

yes, a lot, and in particular to jump-start with the analysis framework which was probably one of the ‘

%
100%
0%
100%
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From J-Term to EJTerm to CMS Data Analysis School
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From J-Term to EJTerm to CMS Data Analysis School
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Some seminal contributions of the LPC to CMS



Led by Liz Sexton-Kennedy...

Event Data Model

» working with CMS EDM primary author, began review 1n early
November, 2005

presented to the collaboration in Jan 11,
2005 .

e approved in Feb 9, 2005 omTorscotocson i cacTorscatectonsts CaoTovecotectone
» carly prototype work demonstrated during
March 2005 CMS week

» first implementation delivered June 2005
* beginning 2006: all major components of
redesign are in place; now in incremental
improvements/maintenance phase

cl

| Terminal

File Edit Seftings Help

root [1] Events->Draw("CaloTowerCollection.phi:CaloTowerCollection.eta", "CaloTowerCollection.et”,"lego",1,13)
{TCanvas::MakeDefCanvas>: created default TCanvas with name cl

{long long)1978

root [2] htemp->SetXTitle("ETA")

root [3] htemp->Set¥Title("PHI")

root [4] htemp->SetZTitle("ET (GeV)")

root [5] htemp->SetlLineColor(2)

root [6] htemp->Draw("lego")

root [7] |

...circa 2006




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

CMS preliminary 2010
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Myrid of recent results involving the LPC

Semi-visible jets (EXO)

LU L L
E/M, >0.25 A0 <04
--SVJ_1000_20 0.3 0.2 mact
--SVJ_2000_20_0.3_0.2 WW(lv)+jets
--SVJ_3000_20_0.3_0.2 mti
--SVJ_4000_20_0.3_0.2 WZ(vv)+jets
[CJuncertainty

Z'—> ttbar combination Mono-top
(B2G-17-017) o EXO-16-051
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Myrid of recent results involving the LPC

Hadronic Top charge asymmetry

Events

signal / bgd
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Nearly 20 years after Dan’s first proposal...

...circa 2018



Nearly 20 years after Dan’s first proposal...
Published

I Majority of authors not from US
7] Majority of authors from US, LPC
[ ] Majority of authors from US, non-LPC
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LPC Celebrating the 100th CMS Publication
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Ehe New York Times July 5, 2012

»
\

Peter Wynn Thompson for The New York Times

Scientists at the Fermilab in Batavia, Ill., on Wednesday watched the presentation about the discovery of the Higgs
boson, which was shown from Geneva.
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Approaching 20 years...

The LPC had no real precedent
Scale, complexity, and geography of CMS unprecedented

The LPC has transtormed the way we do science

The LPC represents a new form of scientific engagement
enabling discovery

...since Dan’s first proposal circa 1999



Tank you Da!
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We stand on your shoulders....



many thanks to the former and current coordinators:
Sarah Eno, Avi Yagil
Dan Green(!), Chris Tully

an Shipsey

Meenakshi Narain, Boaz Klima

Cecilia Gerber, Sergo Jindariani

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




