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Signalizing topics with Spanish 
contribution with the symbol
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Detector performance in 2012
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CMS detector

4Sunday, November 25, 2012



Sub-detector activity fraction
excellent 

performance

all detectors 
functioning
at >96% 
capacity,

 after ~3 years 
with no access to 

CMS internal 
detector

and only few months 

before LHC shutdown  
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ECAL performance

• Light system implemented: crystal 
response measured using laser 
monitoring calibration

•  Raw data affected by dose rate, integrated charge on 
VPT photocathode (ECAL): corrections ready in 
48h

• 25% improvement on diphoton mass 
resolution

• Single electron E/p stability (ECAL Barrel)

Detector performance (examples)

CMS DP-12-015

before correction

after correction

Muon Drift Tubes (DT)

A Higgs 
candidate:
ZZ→4μ

M=125.2 GeV2
PAS HIG-12-016
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LHC performance
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Luminosity, trigger
impressive numbers

Reaching 1034 cm-2s-1:  109 collisions/s

Trigger: decides if the event is worth keeping  
⇰ discard it otherwise

Two steps: 
. L1 - fast decision, simple algorithms
. HLT -computer farm where fast processing 
is possible; event ‘partially’ reconstructed 

Goal: 
. HLT gets ~100kHz  (“good events”)
. store typically a few100 Hz from those, 
high-pT objects (“worth keeping” - should 
contain the physics we want to see!)

Setback: events not stored are lost forever  
(what if we missed new physics?)

To know how impressive those numbers are, compare:

• RunII period (2002-2011), Tevatron collected 10.5 fb-1

• LHC 2010 year, collected ~40 pb-1    (PicoBarns!)

• LHC 2011 year, collected >~ 5 fb-1
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Surviving in high-luminosity and high pile-up scenario

CMS 2012 strategy
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• Handling such enormous amount of data is a real challenge!

• First action: optimize the software performance, both online and offline

• improvements on software algorithm, expanded HLT farm 

• But... actually, processing the data much more costly than collecting and storing it,  so... 

• Why not increase recorded data beyond current ability to process it?

• collect much more data now - no immediate processing possible

• reconstruct and analyze when computing resources are available (e.g. long shutdown starting in 2013)

Data handling: software

more than double speed/event

over 33% memory reduction

additional CPU power, updated Linux kernel&compilers..., better 
algorithms: 
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• As in August/2012

• Trigger Rate for “Prompt-reconstruction”:  405 Hz

• Trigger Rate for “Parked data”:  304 Hz    (now: 600 Hz)

• Keeping almost x2 of additional data that before was discarded!

• “Prompt-reco”: data ready for analysis within a day

• “Parked data”:  to be reconstructed next year.                   Small fraction already being processed.

Data Parking
CMS DP-2012/022

Data scouting
However: must make sure additional data is not worthless

• Open the box in 2013 only but monitor it now!

• Take stream of data at very large rate but storing minimal information: reduced event 
content      ✂   ok for quick reprocessing  : immediate reconstruction

• Within that data: which info builds the expected signal (e.j. monojet), store only that 
information  (e.j.:  only jets+MET instead of all raw info: clusters,tracks, electrons, muons, jets,MET,...)

• If something really interesting is found on data scouting, may consider to implement  looser trigger on main stream 
(for fast & full reconstruction) 

11Sunday, November 25, 2012



• Scouted data actually used for 
analysis!  

                  First real case:

• search for new physics in hadronic final states 
(resonances on dijet mass spectra)

• Event selection: 2 jets with low transverse 
momentum (pT)

• Trigger: overwhelmed by enormous amount 
of QCD events   ⇰ huge rate: ~103 Hz

⇰ impossible to maintain all data in ‘normal’ 
format

• Scouting: store only 4p of the “particle-
flow” jets reconstructed during High Level 
Trigger online processing.   Nothing else!

Data scouting
PAS EXO-11-094

hypothetical scalar di-quark signals
at different masses

(resolution ~1.05x worse wrt offline reconstruction)

Only 0.13 fb-1
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Trigger improvements

Electrons Tausmonitoring
calibration (laser)

tightened 
isolation criteria

increasing threshold
of jet seed to 5 GeV

Jets

before correctionafter
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• excellent tracking: identify 
track⇔vertices

• JETS: remove charged 
particles coming from 
secondary interactions

• remaining PU: correct average 
energy/area 

Pile-Up : simultaneous pp interactions∝InstLumi

Remarkable 
improvement on muon 
triggers:
1. using detector-based relative 

isolation with PU-corrections
2. improving track quality   
Corrected rate 
dependency with Lumi
50% rate reduction  for 
nearly same efficiency

Muons

before

after correction

after correction

before

Jets:
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CMS physics results

HIGHLIGHTS
(apologies for unfairness on highlights choice!)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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• After many years of high expectancy and hard work

• it finally `arrived`!

•                     (spin ≠1, it couples to photons!)

• Will ‘it’ be responsible

      for EWK symmetry breaking ?

Physics happening of the year

BOSON

PAS HIG-12-028

Not many details in this talk

See also J.Virdee (plenary) and other CMS talks 
on parallel sections 
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Spanish front pages 05/July/2012
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• H→WW→llνν
• New shape analysis (8 TeV)

• signal vs bkg: 2D cut (MT,Mll) plan

New boson discovery
• Updated after July 4th:  H→ZZ→llll                                         ●    Spin/Parity test:  JP : 0+ vs 0- 

MT

M
ll

0+ hypothesis
favoured:

scalar w coupling
to fermions and Z

excellent mass
resolution

7 TeV:  L=5 fb-1 

8 TeV:  L=12 fb-1 

Significant excess: 
3.1σ (obs)    4.1σ (expected)
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•VH→Vbb  (V=W,Z)

New boson discovery
•Updated after July 4th: H→ττ

•New after July 4th: H+ vector 
boson

H+V not included
SM signal injected

7 TeV:  L=5 fb-1 

8 TeV:  L=12 fb-1 
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New boson discovery
Nov/2012
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New boson discovery
CMS HIG 12-045

Nov/2012
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• Not only new bosons show up in our detector:  new baryon

• Rare decays:  Bc→J/Ψπππ (observed) B0, B0s→μμ (limits)

b-physics
•MΞb*= 5945±0.3±0.7±2.3 MeV

• not as exciting,  no indication of 
new physics

• still working on spectroscopy 

• decay chain: Ξb*0 → Ξb- π+

No enhancement indicating new physics: SM holds!
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Background
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...from b to top physics

• top-pairs cross-section at 7 & 8 TeV

• CMS 2011 alone reaching Tevatron mt precision!

• Interesting results on single-top (8 TeV):

• t-channel: 80.1±5.7(sta)±11(sys)±4%(lumi) pb

• tW-channel:  16+5-4 pb:   ~30% precision!

L<3 fb-1

L<5 fb-1
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Top properties

ttH with t→anything
H→bb

remarkable agreement with the SM

tt+V,  tt+Higgs

Pn = -0.009±0.029(st)±0.041(sys)

Mass difference:
Δmtop= -0.44±0.46(st)±0.27(sys)  GeV

(no CPT violation)

top polarization

Asymmetries

AC=0.004±0.010(st)±0.012
(sys)

spin correlations

limits on anomalous 
couplings
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Electroweak: cross-sections
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JHEP10(2011)132
JHEP01(2012)010

CMS-PAS-SMP-12-011 (W/Z 8 TeV)

CMS EWK-11-009 CMS-PAS-EWK-11-010 (WZ)
CMS-PAS-SMP-12-005 (WW7), 

007(ZZ7), 013(WW8), 014(ZZ8), 015(WV) 

syst) &7 TeV CMS measurement (stat

syst) &8 TeV CMS measurement (stat

7 TeV Theory prediction

8 TeV Theory prediction
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Electroweak: SM summary

cross-sections
and ratios

EWK mixing 
angle

* high-precision
* compatibility 
    with the SM
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Searches for new physics: “exotica”

Sh. Rahatlou 2

Z’SSM ll
Z’ SSM tau tau

Z’, ttbar, hadronic, width=1.2%
Z’, dijet

Z’, ttbar, lep+jet, width=1.2%
Z’SSM ll (fbb=0.2)

G, dijet
G, ttbar, hadronic

G jet+MET k/M = 0.2
G !! k/M = 0.1

G, Z(ll)Z(qq), k/M=0.1
W’ l"

W’ dijet
W’ → td

W’→ WZ(leptonic)
WR’ → tb

WR, MNR=MWR/2
WKK # = 10 TeV

$TC, %TC > 700 GeV
String Ball M, MD=2.1, Ms=1.7, gs=0.4

String Resonances (qg)
s8 Resonance (gg)

s8 Resonance (gg/bb), fbb=1
E6 diquarks (qq)

Axigluon/Coloron (qqbar)
gluino, 3jet, RPV

0 1 2 3 4 5 6

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB

hyper-K, hyper-$=1.2 TeV
fractional charge, q=2/3e
fractional charge, q=1/3e

multiple charge, q=2e
multiple charge, q=3e

neutralino, ctau=25cm, ECAL time

0 1 2 3 4 5 6

b’ ⇒ tW, (3l, 2l) + b-jet

q’, b’/t’ degenerate, Vtb=1

b’ ⇒ tW, l+jets

B’ ⇒ bZ (100%)

T’ ⇒ tZ (100%)

t’ ⇒ bW (100%), l+jets

t’ ⇒ bW (100%), l+l

0 1 2 3 4 5 6

LQ1, &=0.5
LQ1, &=1.0
LQ2, &=0.5
LQ2, &=1.0

LQ3, (bbnunu) Br(LQ → b"') = 1
LQ3, (btau) &=1.0

stop (btau)

0 1 2 3 4 5 6

q* (qg), dijet
q* (qW)
q* (qZ) 

q* , dijet pair
q* , boosted Z

e*, ( = 2 TeV
#*, ( = 2 TeV

0 1 2 3 4 5 6

Resonances
4th

Generation

Compositeness

Long
Lived

LeptoQuarks

Mass exclusion summary
27Sunday, November 25, 2012



Searches for new physics: “exotica”

Sh. Rahatlou 3

C.I. ! , " analysis, !+ LL/RR

C.I. ! , " analysis, !- LL/RR

C.I., dimuon, destructve LLIM

C.I., dimuon, constructive LLIM

C.I., single lepton (HnCM)

0 3 6 9 12 15

MBH, rotating, MD=3TeV, nED = 2, BlackMax

MBH, non-rot, MD=3TeV, nED = 2, BlackMax

MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax

MBH, boil. remn., MD=3TeV, nED = 2, Charybdis

MBH, stable remn., MD=3TeV, nED = 2, Charybdis

MBH, Quantum BH, MD=3TeV, nED = 2

0 1 2 3 4 5 6

Contact
Interaction

Black
Holes

• ...and even more searches

• no sign of new physics whatsoever

Some of these were updated 
for HCP 2012, but always the 

message holds:

Good-old 
Standard Model 
doing very well!
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• Excellent idea, hold on to it till the end... 

• easily solves symmetry breaking problem

• lightest SUSY particle (very weakly interacting):  good dark matter candidate

• No signs of new physics anywhere else: simple models being squeezed, but 
parameter space is large

•

Supersymmetry

•What is left to be looked at?
 [GeV]0m

500 1000 1500 2000 2500 3000

 [G
eV

]
1/

2
m

100

200

300

400

500

600

700

800

± l~ LEP2 

± 
1
!" LEP2 

No EWSB
Non-Convergent RGE's

 =
 L

SP
#"

) = 500g~m(

) = 1000g~m(

) = 1500g~m(

) = 1000
q~m(

) = 1500
q~m(

) = 2000

q~
m( ) = 2500

q ~
m

( )=10$tan(
 = 0 GeV0A

 > 0µ

 = 173.2 GeVtm

 = 7 TeVs, -1 = 4.98 fb
int

CMS Preliminary    L

T%

Jets+MHT

Razor

SS Dilepton

OS Dilepton

Multi-Lepton

MT2

1 Lepton

Limits on constrained minimal SUSY:
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• “Natural SUSY” solves hierarchy problem: 
one light stop (and light sbottom by weak isospin 

symmetry) cancel top radiative 
correction to Higgs mass

• Search 1:  ˜t ˜t →tχ0tχ0 → tt+MET→ 
bWbW+MET→ b+j+j +b+l+MET                
➽  1 lepton, ≧ 4 jets (1 btagged), MET

• Search 2:  ˜b ˜b→ tχtχ→tWχ0tWχ0          
➽ 4 W’s and 2 b jets in the final state: two 
leptons of same-sign, ≧ 2 b jets, MET, (signal 
enhancement:) HT 

• Search 3:   all hadronic final state  ➽ ≧ 2 b 
jets, αT ( =ET(j2)/MT(j1,j2) optimal var.  suppresses fake MET)

Supersymmetry: example
3)

1)
2) Direct searches 

Data compatible with bkg only  

L=10 fb-1

PAS SUS-12-023
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• Onia suppression • EWK bosons production 

Heavy Ions
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Bosons:  RAA~1, not modified by the medium

Charm, bottom-onia: Debye screening at 
different medium temperatures, for different 
states

Several probes
different medium

nuclear modification factor:
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Publications

CMS Spain
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Show all  Total  QCD  Exotica Searches  Supersymmetry  B Physics  Electroweak
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• Muon-related activities 

• CIEMAT:  “Physics-object” group coordinator,  
“Trigger” coordinator,  “DT Technical” coordinator, 
detector & electronics maintenance (DT)

• UAM: L1 trigger responsibility

• IFCA: DT alignment (link tracker-DT barrel)

• Detector upgrade 

• CIEMAT: “DT upgrade” coordinator 

• B-tagging

• CIEMAT:  efficiency in data&MC from long-lived J/Ψ

• IFCA: “Performance” group coordinator, software 
management

• Computing

• Resources: Tier-1 (PIC), Tier-2 (CIEMAT,IFCA):, Tier-3 
(Oviedo,UAM)

• CIEMAT:  “Computing Integration” coordinator

• Run Coordinator:  (CIEMAT)

• Collaboration Board Chair: (IFCA)

Spanish contribution to CMS in 2012
• Higgs

• IFCA-Oviedo: H→WW

• CIEMAT,UAM: H→ZZ

• Electroweak Physics

• CIEMAT:  W+charm

• IFCA-Oviedo: WW and WZ cross-sections

• Top Physics

• IFCA-Oviedo: cross-section in ll channels

• CIEMAT,UAM: Wtb coupling structure 

• CIEMAT: combination ATLAS+CMS

• SUSY searches

• IFCA-Oviedo:  dileptons+MET

• Heavy Ions

• CIEMAT: W production in heavy ion 
collisions

These items do not include an extensive list of tasks performed and finished by Spanish groups prior to 2012
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• CMS detector in good shape

• Excellent performance from LHC startup until now   (~ 3 years)

• First long LHC shutdown planned for 2013;  intense activities on detector upgrade (not covered)

• LHC operation smooth, delivering a huge amount of data

• Pile-up (side effect of high luminosities) taken care of in many fronts

• data collection, storage and processing:

• improved triggers (logic and software), data parking (later processing), data scouting (reduced event 
content)

• Physics objects definitions improved (area corrections, tracking) to mitigate PU effect in data analysis

• Physics highlights overshadowed by discovery of a new boson X(125.8)

• Physics program (primarily) oriented to characterize this new particle

• Updates:  7σ ; small bump starts to build up on H→ττ ; better compatibility with SM Higgs

• ... but not only:  

• interesting searches for new physics: exotic models, SUSY: so far, only standard model results

• precision measurements in top, b- physics, QCD, heavy ions

Conclusions
2012, a year of most excitement on CMS lifetime

Looking forward to the next big ‘advent’!
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Backups
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• If Higgs mass=125 GeV:  stronger constraints on SUSY models

•

Supersymmetry

F.Mahmoudi et al CERN-PH-TH/2012-307
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Simplified Model
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Razor variables in SUSY searches

Search for SUSY using Razor variables 

Update on Searches for New Physics in CMS             E. Halkiadakis 37 

•  Search for pair production heavy particles 
-  squarks and gluinos 

•  Objects grouped into two “megajets” 
-   perform event-by-event test that they represent visible portion of decays 

•  Use two kinematic variables: MR and R 
-  Evaluated in razor frame: 

  MR is invariant under this longitudinal boost 

MR

MΔ MTR

!  MR peaks at M!"
"
 
!  M! edge in MT

R 
 
 
!  R is ratio of the two and related to MET 

CMS PAS-SUS-11-008 

~1 fb-1 
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• Scouted data actually used for analysis!  
                  First real case:

• search for new physics in hadronic final states

• Resonances on dijet mass spectra predicted in many 
models : Z’ or W’ with SM couplings, Randal-Sundrum gravitons (extra-
dimensions), technicolor....

• Event selection: 2 jets with low transverse momentum 
(pT) and low HT           (HT =Σ pT of all jets with pT>40 GeV)

• Trigger: require HT>350 GeV (or dijet mass>400 GeV)

⇰ overwhelmed by enormous amount of QCD events ;       
huge rate: ~103 Hz

⇰ impossible to maintain all data in ‘normal’ format

• Scouting: store only 4p of the “particle-flow” jets 
reconstructed during High Level Trigger online 
processing.   Nothing else!

Data scouting
PAS EXO-11-094

hypothetical scalar di-quark signals
at different masses

(resolution ~1.05x worse wrt offline reconstruction)

Only 0.13 fb-1
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• QGP:  deconfining medium

• Screening radius :  ∝ 1/energy density   

• or 1/(density of colour charge)

• If screening radius < resonance size : bound state not 
formed

• Quarquonia “dissolved”,  appearing later as open c, b

• known as Debye screening mechanism

Heavy quarquonia suppression in Heavy Ions
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