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Prelude

This is going to be a (not perfectly structured) recollection
of one of the (if not THE) most exciting times of my life as a
particle physicist, in particular the period 2010-2011 ...
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Prelude

This is going to be a (not perfectly structured) recollection
of one of the (if not THE) most exciting times of my life as a
particle physicist, in particular the period 2010-2011 ...

... together with, and also thanks to the wonderful
collaboration and friendship with Gigi!

... whom | knew already from my times in ALEPH,
le. since ~1994
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CMS physics organization (2010)

Physics Coordinator
G. Rolandi
Deputies:

D. Acosta, G. Dissertori

ely Muons Forw. Physics QCD Higgs
P. Meridiani R. Bellan — K. Piotrzkowski V. ODell A. Korytov
M. Pieri S. Valuev H. Jung F. Sikler V. Sharma
P. SChlePer W. Adam N G. Roland G. H. de Monchenault J. Richman
R. Harris A. Rizzi R. G. de Cassagnac M. H. Schmitt A. Tapper
ParticleFlow/t Tracking Top Exotica
C. Bemet_ K. Burket? T. Christiansen G. Landsberg
S. Gennai A. Venturi F.P. Schilling C. Hill
MC generators B physics
F. Stoeckli P. Eerola
F. Cossuitti C. Lourenco
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CMS physics organization (2010)

Physics Coordinator

G. Rolandi POG PAG SCHEDULE 2010 version 30 November

Deputies:
D. Acosta, G. Dissertc
|

A Jan-04 14:30 PFT GEN

A Jan-04 16:30 BTV
A Jan-05 14:30 EXO HIG
A Jan-05 16:30 SUS FWD

. A Jan-08 10:00 HIN
ely Muons Forw. Physic: - Jan-11 14:30 ME MUO
L. ] B Jan-11 16:30 TRK EGM
e an-12 :30 EWK
P. Merl_dlaiml R. Bellan K. Piotrzkowsk @ Jan-12 14:30 871 Ew
M. Pieri S. Valuev H. Jung 8 Jan-15 16:30 HIN cen
A Jam15 14530 EXO HIG
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an- : (o]
P Schieper W. Adam GRoand i phitm
R. HarrIS A RIZZI R. G. de Cassagn; B Jan-26 16:30 QCD TOP

B Jan-29 16:30 HIN
; : A Feb01 16:30 BTV oE
ParticleFlow/t Tracking A s le0sus W
C. Bernet K. Burkett 5 Febos 19:30 ME MUO
S. Gennai A. Ventur s R abm
B Feb-09 16:30 QCD TOP
: TEERE
MC generators A Feb-16 14:30 EXO HIG
. A Feb-16 16:30 SUS FWD

F. Stoeckli A Feb-19 10:00 HIN

22-Feb Physcs Trigger Weel DAYS

F. Cossutti B Mar-01 14:30 JME MUO
B Mar-01 16:30 TRK EGM
B Mar-02 14:30 BPH EWK
B Mar-02 16:30 QCD TOP
B Mar-05 16:30 HIN
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Preparation for Chamonix: study
of different scenarios for the 2010
LHC data taking

Darin Acosta
(on behalf of Gigi, Guenther, and the physics groups)

20 Jan 2010



Presentation of our next
Physics Plan:

Mt. Everest Summit

29,035 / 8850m
W, o 25,790/ 7861m
-
50-100 pb

DA, GD, LR

Sep 14, 2010
Bodrum

.
g,
%4

- \:v‘ ‘
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Proposals for a new POC
he Pflow — Tau case

= In addition to a beautiful and excellently working

detector, by now we have another jewel in hand:
PFLOW

¢ The ICHEP results and the recent Jamboree talks have
shown: PF will give us an edge on many fronts, and
more and more analyses move towards its usage

+ Physics Coordination strongly supports the work towards
further improvements and commissioning of PF, as well
as its wide and consistent employment in ongoing and
upcoming analyses

September 14,2010 Bodrum Physics Week - GuDaGi 18




B Paper B Paper in prep. = PAS

O 7. 5 PAS=Physics Analysis Summary

15 22.5 30

HIN

BPH
FWD
QCD

EWK

TOP
HIG

SUS
EXO

In total : 57 papers on 2010 data, submitted, accepted or published
15 papers close to submission
57 Physics Analysis Summaries
In addition : 3 papers on 2009 data, plus 1 TRK and 1 MUO paper,
plus 2 PAS on 2011 data

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults :

June 27, 2011 June CMS Week - GuDaGi 10
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Our score board, Status Jun

M Paper B Paper in prep. = PAS

O 7 5 PAS=Physics Analysis Summary

15 22.5 30

HIN

BPH
FWD
QCD

EWK

TOP
HIG

SUS
EXO

In total : 57 papers on 2010 data, submitted, accepted or published
15 papers close to submission
57 Physics Analysis Summaries
In addition : 3 papers on 2009 data, plus 1 TRK and 1 MUO paper,
plus 2 PAS on 2011 data

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults :

June 27, 2011 June CMS Week - GuDaGi 10
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a Priority Analyses (1) -
.
» Here: Focus on Priority Analyses
¢ HIG
HIG-11-003 Higgs to WW Pre-approved
HIG-11-010 Higgs to gg Pre-app during CMS Week
HIG-11-009 Higgs to tau tau Pre-approved
HIG-11-004 Higgs to 4l Pre-approved
HIG-11-006 Higgs to 21 2 nu Pre-approved '{4 ' P"O"ty Analyses (2) -
7
HiG-11-007 Higgs to 21 2 jets Pre-approved = Here: Focus on Priority Analyses
HIG-11-011 Higgs Combination + SUS
+ No show-stoppers, on good path to high-quaj SUS-11-003 RA1l pre-approved
+ Note : Hbb analysis aiming for LP SUS-11-002 RA2 Not for EPS, now aiming for LP
23 June 2011 CubDaGi MB SUS-11-008 Razor Not for EPS, now aiming for LP
SUS-11-015 One Lepton ??

If PAS not achieved, then at
SUS-11-0XX Combination PAS least some common plot

Comments:
+ Dilepton (OS and SS) analyses on good path
+ Also multilepton search possible, but just in time

23 June 2011 GuDaGi MB 22

10
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Bod 10
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Now (June 2011

11
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(June 2011

... and let’s continue to have fun with this fantastic data !

12
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Many events to be prepared



Many events to be prepared

Moriond 2010, 2011 (2012) EPS-HEP 2011 (Grenoble)

LP 2011 (Mumbai)
ICHEP 2010 (Paris) LHCC

CMS weeks (eg. Physics in Bodrum 2010, Brussels 2011)

13
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How large organizations function...



How large organizations function...

Marketing
Manager

Development
Manager
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How large organizations function...

Product
Development
Manager
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But now In order...

proton - proton collisions are complex....

. but this makes them so interesting...

15



Proton-Proton Physics
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Proton-Proton Physics
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The machine
performance




The LHC Start-Up in 2009

= Nov.20: Start of 2009 beam
circulation

= Nov. 23: First collisions at 900 GeV

= Nov. 26: First results shown publicly
at CERN!

= Dec.6: First physics fills

=  Dec.8: Acceleration
B both beams ramped to 1.18 TeV each

= Dec.11: Higher proton intensities
(7E10)

m Starting to accumulate luminosity at 900
GeV

m  Dec.14, Collisions at 2.36 TeV |

GD / Pisa Nov 2025

First CMS Collision Event

First collision @ 900 GeV

Mon 23 Nov 19:21

Run 122314 Evt 1514552




First results....

14 Dec 2009 First Collisions at 2.36 TeV

CMS Experiment at the LHC, CERN
Data recorded2009-Dec-14 04:05:38.307318 GMT

LN 124120
u&\u&nt: 9463533
LU section: 31

Orbit®. 31924351

4‘\\3 Min

(c) CERN 200%_ All rights reserved httpeffiguana.cern.chiispy
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First results....

14 Dec 2009 First Collisions at 2.36 TeV ¢ first publication by
CMS !

CMS Experiment at the LHC, CERN

Data recorded:2009-Dec-14 04:05:38.307318 GMT

Ln: 124120
vent: 9463533
LU section: 31

E |
Orbitf.. 31924351 | |
CMS

*‘-@s\irf , o1
-\"'w.

s,
-,

® O 0
o O 0 o ©O
* —

—

L J
e r‘:}

0.9 TeV 2.36TeV

(c) CERN 200%_ All rights reserved

° O CMS NSD
A ALICE NSD
o UA5 NSD

IIII|IIIIIIIII|IIFII|IIIIIIIII

GD / Pisa Nov 2025



First results....

14 Dec 2009 First Collisions at 2.36 TeV ¢ first publication by
CMS Experiment at the LHC, CERN CMS '

Data recorded:2009-Dec-14 04:05:38 307318 GMT
Lin: 124120

£u9r1t: 9463533

LU gect ion: 31 I | I
Orbit?. 31924351
CMS

w\“‘t 51

o O O O
QO 0o o O
o O
%%%zz_a PUBLISHED FOR SISSA BY £) SPRINGER L A ‘,L
o RECEIVED: February 4, 2010 | -
ACCEPTED: February 7, 2010 i |

PUBLISHED: February 10, 2010
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® O
distributions of charged hadrons in pp collisions at CMS NSD
Vs = 0.9 and 2.36 TeV 4 ALICE NSD
= UA5 NSD
| . I I | 1
CMS Collaboration _2 0 2
M
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First results....

14 Dec 2009 First Collisions at 2.36 TeV

CMS Experiment at the LHC, CERN

Data recorded:2009-Dec-14 04:05:38.307318 GMT
LN 124120

£u9r1t: 9463533

LU section: 31

Orbit®. 31924351
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JAA

PUBLISHED FOR SISSA=B¥=4S-SRRINGER

1
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"

ACCEPTED: February 7, 2010

: PUBLISHED: February 10, 2010

.
e

Transverse-momentum and pseudorapidity

distributions of charged hadrons in pp collisions at
v/s = 0.9 and 2.36 TeV

CMS Collaboration
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¢ first publication by
CMS !

RECEIVED: February 4, 2010 N

IIII|IIII|IIII|IhII|IIIIII

09 TeV 2.36 TeV
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]
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ALICE NSD
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The LHC Start-Up in 2010

» from end of Feb to end of
March:

= commissioning of the
machine

= preparations for the first 7
TeV collisions

m on March 30

= first attempts for stable
beams in the morning

= first collisions at 7 TeV
achieved at 13:00!

= under the spot light (again)
of the world-wide press

GD / Pisa Nov 2025
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The LHC Start-Up in 2010

-

s from end of Feb to end of

30

CMS CMS Experiment at LHC, CERN
‘ Data recorded: Tue Mar 30 12:58:48 2010 CEST
Yo . | Run/Event: 132440 / 2737924
Lumi section: 124
| Orbit/Crossing: 32323764 / 1

of the world-wide press
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So: the race was on... but first: testing the SM
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Proton 2
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0.1

1 10
Ecy (TeV)

Proton 2

Proton 1

fy (%2, Q2)

So: the race was on... but first: testing the SM

| CMS Experiment at LHC, CERN Jet 1
| Run 133450 Event 16358963 T
§ Lumi section: 285 N
Sat Apr 17 2010, 12:25:05 CEST | /
I / '
/
/
%
E,(GeV) Jet 2 v -
© Jet Jot 1
60
“ \»
2 Jet 2 e
[} S .
-4

CMS Experiment at LHC, CERN
CMS Run 133877, Event 28405693

Lumi section: 387
Sat Apr 24 2010, 14:00:54 CEST

Electrons p;=34.0,31.9 GeV/c 4

Inv. mass =91.2 GeV/c2
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As things appeared with time....

Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Nov 09 13:50 UTC)
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Typical data taking efficiency > 90 %
subdetectors with typically 98% or more of all channels operational
2010 data ~ O(hundred million) events on tape
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Jet production at 7 TeV — New Territory!

Tevatron
Ecy= 2 TeV
CDF Run |l Preliminary
| o Kr D=0.5  0.1<ly’ 1<0.7
B .h e [Data
g o .ﬁ Systematic uncertainties
@407} - —a— NLO: JETRAD CTEQ6E.1M
G} : "
S 3-\ corrected to hadron level
- — v JET
— - S Mg =ug =Maxpy f2=p,
E — ~#= - --- PDF uncerainties
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Important test of pQCD over many orders of magnitude!
Looking for deviations at highest momentum transfers.
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LHC
Ecy= 7 TeV
CMS preliminary, 34 pb" \s=7 TeV

>10""} Datafor: - lyl<0.5 (x3125)
(51010 o 0.5=lyl<1 (x625
.Q 109 L] 1S|y|<1.5 (X1 25)
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15 [7] Exp. uncertainty \
10" Anti-k; R=0.5 N
20 30 100 200 1000
p, (GeV)

Important test of pQCD over many orders of magnitude!
Looking for deviations at highest momentum transfers.
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Jet production at 7 TeV — New Territory!

Tevatron Factor 30 L HC
Ecv=2 TeV in integr. L Ecy=7 TeV
CDF Run Il Preliminary CMS preliminary, 34 pb1 \s=7 TeV
I I L I I L] | LI
i st | > 10" Data for: - lyl<0.5 (x3125)
= 4 0SS (51010 ~ o 0.5slyl<1 (x625
p— - h. oata _ .Q 109 N . - 1S|y|<1.5 (X1 25)
L » Systematic uncertainties =N >\ - 1.5S|y|<2 (x25)
310 '+ " —e— NLO: JETRAD CTEQ6.IM | = 1 0: : . 2<lyl<2.5 (x5)
= . corrected to hadron level 'o 10 ° 2.5<lyl<3
.g - ;..\‘ = :max:}';lr':‘ra‘Z: ' 106
e o . Hp = Uf / Ko ] =
E — ""“ - PDF uncernainties E 1 05
d ot 2
;10“‘ = ez - B 10
> — | 10°
-~ . . —=— Z
P fL=1.0fb1 10° A
v [ N | 10E — NLO®NP theory ™
el e, | 1 [ Exp. uncertainty
T T R 10 Anti-k; R=0.5 y |
[GeV/c] S
20 30 100 200 1000

Important test of pQCD over many orders of magnitude!
Looking for deviations at highest momentum transfers.
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W and Z production at 7 TeV
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W and Z production at 7 TeV
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W and Z production at 7 TeV
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W and Z production at 7 TeV

«10° CMS preliminary
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W and Z production at 7 TeV

CMs | | | 36 pl;»'1 at \S =7TeV
lumi. uncertainty: +4%
5xB(W) —— 0.987 +0.009 ,, +0.051,
6% B (W*) —t— 0.982+0.009,, +0.049
oxB (W) —t 0.993+0.010,, £ 0.056,
sxB(Z) —jo— 1.003+0.010 , +0.047
Ry HeH 0.981+0.010,,, +0.016,
R, —t— 0.990 + 0.011,,, + 0.037,,
0.6 0.8 1 1.2 1.4

Ratio (CMS/Theory)

Amazing precision reached ( ~1% experimental ! )
Start to put important constraints on theoretical predictions
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Top production at 7 TeV

CMS Experiment at LHC, CERN Er =44 GeV/c, 9 = 1.8
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Top production at 7 TeV
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Top production at 7 TeV
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Top production at 7 TeV
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§ CMS Experiment at LHC, CERN
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. . " ABlack Hole? " /4 /4 2 Leptoquarks?

Many signatures looked for ....

CMS Experiment at LHC, CERN
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. A Di-jet Resonance? A q* decay in qZ7?
Supersymmetry?
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N CMS Experiment at LHC, CERN

" | Data recorded: Tue Oct 26 14:34:18 2010 CEST
| Run/Event: 149003 / 246002489
| Lumi section: 229

AW =ev?

CMS Experifient at LHC, CERN
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CMS Experiment at LHC, CERN
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Many signa
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Run : 142528
; Event : 201376378 2
Dijet Mass : 1636 GeV

Jet 2 p.: 686 GeV

\CERN

. A Di-jet Resonance?
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Large SM backgrounds Low

¢ Focus on signatures (topologies), use different approaches/observables

T e ——

AQg*

» € >
sensitivity to

gauge-mediated SUSY

sensitivity to strongly produced SUSY

<

¢ alpha_T, “Razor”, HT, MHT, ...
¢ Established many different data-driven techniques to derive backgrounds

¢ jet smearing and re-balancing, ABCD, fakeable-object technique to estimate fake
lepton rates, generic properties of lepton pr spectra, generic properties of falling SI
spectra

¢ Different trigger paths (all hadronic HT-based, leptonic)
2 Not necessarily optimized for best excl. limits, but sharpened tools for discovery!

__

Supersymmetry? }

¢ cross check, cross check, cross check....
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decay in qZ7?
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As things appeared with time.... in 2011
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As things appeared with time.... in 2011
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As things appeared with time.... in 2011
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3 CMS Expenment tL 'CERN .

s I| \?'\/

13 reconstructed vertlces'

1;‘

The new challenge: Pile-Up!
CMS was prepared for it on all fronts: Trigger, Reconstruction, Analysis, Computing
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And much more physics...

from my talk at the LHCC, 23/3/2011
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As things appeared with time.... in 2012
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As things appeared with time.... in 2012

10° L
’ i
Oror
107 |- -
105 |- -
o, —1
5 o} ]
c
N — —
1L GW/ .
b 10 o,
" : 0ot (Er>100GeV) i
103 oTo;/ | =
L / v . o
105} OHW ("\H= 15069\,) -
L 8 TeV }
17—l 1l ]

0.1 0

1 1
Ecy (TeV)

GD / Pisa Nov 2025

3 3 2
Events/sec for L

-
Q
o

107

1033 cm2s-1

Total Integrated Luminosity (fb ™)

-
o

oo

H

Repeat some SM ]
measurements at 8 TeVl | | _0
0 | 1 | | |

CMS Total Integrated Luminosit-p, \'s =8 TeV
Data included from 2012-04-04 23:57:30 to™28+2%08-01 01:04:37 UTC

l | | | | [ =]
I LHC Delivered: 9.61 fb” i
| ' CMS Recorded: 9.00 fb™ 10
- A boson appears...
o |
- Searches
2 2

20/04 20/05 19/06 19/07
Date

37



Status of CMS Higgs Search Preparation

Outline

* Production & decay
A » Adding drops in the
{ Higgs bucket
v « Status of analyses

{ g » Revised projections
-

- w} *The way forward

Andrey Korytov, Vivek Sharma

Vivek’'s memorable talk in Bodrum
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.| Analysis Highlights and previews
S LHCC Closed session DECEMBER 2011

CERN V. Sharma
6/12/11 GuDaGi

See https://ep-news-d10.web.cern.ch/content/despair-discovery and Vivek’s talk in a few mins...

GD / Pisa Nov 2025

39


https://ep-news-d10.web.cern.ch/content/despair-discovery

Summary



Summary

CMS j ETH Institute for
é% Su m mary D Particle Physics
@ Our sincere thanks go to our colleagues from

the machine

¢ the excellent LHC performance of last year is
extremely promising for the upcoming year(s)

¢ CMS is in excellent shape

¢ the complete chain of operation (from online data
taking to final physics plots) has been stress-tested

¢ the often better-than-expected performance, and the
high motivation of all involved, has allowed for the
production of an impressive amount of physics
results, on an unseen short time-scale

CERN
23/3/11 G. Dissertori : CMS Status Report 38
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