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2011 End of Year Summary
If we had looked at the events of 2011 as seen from CERN, 
here would be the end of year summary:

May - AMS02 in space.

June - ALPHA traps antihydrogen atoms for ~1000 secs.

July - ASACUSA measures antiproton mass with 
fractional precision of O(10-9)

August - First publication from CLOUD, showing we still 
do not understand enough about the formation of clouds.

September - OPERA announces superluminal neutrinos.

What about the news from the LHC?
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LHC in News
Since its start-up, LHC was all over the 
media. Just two examples:

One of the 20 cartoons that brought 
Mike Keefe of Denver Post his 2011 
Pulitzer Prize for editorial cartooning.

As featured (at least) three times on 
Zaytung news satire website…
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http://www.zaytung.com/haberdetay.asp?newsid=8101

http://zaytung.com/haberdetay.asp?newsid=947094
Thursday, 29 December 11

http://www.pulitzer.org/files/works_images/2011/keefe02.jpg
http://www.pulitzer.org/files/works_images/2011/keefe02.jpg
http://www.zaytung.com/haberdetay.asp?newsid=8101
http://www.zaytung.com/haberdetay.asp?newsid=8101
http://zaytung.com/haberdetay.asp?newsid=94709
http://zaytung.com/haberdetay.asp?newsid=94709


LHC Review 2011, V.E.Özcan 5
http://www.zaytung.com/haberdetay.asp?newsid=154355

Thursday, 29 December 11

http://www.zaytung.com/haberdetay.asp?newsid=154355
http://www.zaytung.com/haberdetay.asp?newsid=154355


LHC Review 2011, V.E.Özcan

CERN Accelerator Complex

6

“News from LHC” covers 6 detectors & a large accelerator complex.
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LHCf
Measuring differential x-sections 
for neutral particle production at 
“zero”-degrees.

Calorimeters located 140m away on 
each side of ATLAS, at the P1 
interaction point.

Essential in understanding the 
development of the cosmic ray 
showers in the atmosphere.

2011 - first paper published => 
Photon x-sections.

Significant differences between 
data and all the available MC 
codes.

π0 x-sections in preparation.

2012 plans: Run for ~6 days in 2012 
for measurements in Pb-p collisions.
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Physics Letters B 703 (2011) 128–134
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TOTEM
Measuring p-p x-sections at the LHC, using 
Roman pots located ~220m away on each side 
of CMS, at the P5 interaction point.

Silicon sensors in moveable beam-pipe 
insertions. Can approach the beam center 
to a distance of ~10 times transverse 
beam size.

2011 - first measurement of the total x-
section published.

Elastic measurement down to |t|
=2×10-2GeV2 (√t = 4-P-transfer) 

Extrapolation using optical theorem.

Excellent agreement with predictions and 
with the inelastic x-sections measured 
by ATLAS & CMS.

2012 plans: Up-to twice closer to the beam. 
Improvements in beam optics could lead to 
measurements down to |t|~10-3GeV2 => Can 
start probing ρ itself.

8

EPL, 96 (2011) 2100

optical theorem is used and has a rho parameter that is the ratio of the real and imaginary 
parts of the elastic amplitude. rho is determined from many a fit of many experiments, and is 
important for pp x-sections as well as gamma-p and gamma-gamma to hadrons x-sections. => 
Thus important for cosmic ray showers as well. See Cudell J. et al., Phys. Rev. Lett., 89 (2002) 

For |t|<10-5GeV2, elastic scattering dominated by the exchange of one photon, thus called Coulomb region.
For |t| between 10-3 and 0.4 GeV2, hadronic region, single pomeron exchange.
Between hadronic and Coulomb regions, interference region. See CERN-THESIS-2011-099.

“Similar goals with ALFA detectors at ATLAS”
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ALICE
pp data (few pb-1)

First inclusive J/ψ production cross 
section in pp collisions at √s= 2.76 TeV
First J/ψ polarization measurement in 
pp collisions at √s = 7 TeV
Final inclusive D meson production 
cross section in pp at √s = 7 TeV
First Λ+c signal in pp at √s = 7 TeV

Pb-Pb data in 2011 (~140ub-1)
Twice the design luminosity
Significantly enhanced rare probe 
statistics
Excellent detector and trigger 
performances

Goals for 2012
p-Pb (and Pb-p) data taking (30 nb-1)
Preparations for 2017/18 upgrade

9

Measurements of charged particle spectra, 
baryon/meson ratios, nuclear modification 

factors of light and D mesons & 
charmonia, etc.

=> Behaviour of QGP at the LHC gives 
important clues on QCD confinement and 

chiral symmetry restoration.

QGP screens all 
charmonia, but 
charmonium 

production takes place at 
the phase boundary

→ Enhanced production 
at high energy
→ Signal for 
deconfinement
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Some Big Questions

Universe is:

23% dark matter

73% dark energy

~4.5% baryonic 
matter

10

CMB, large-scale-structure, 
type-IA supernovae, etc.
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β-decays, decays of kaons 
and B mesons

Anti-matter:

Where is it all? Why 
do we have just 
matter everywhere?

Gravity:

Why so weak?

Why is it so 
difficult to 
integrate with 
QM?

What is the mechanism responsible for the mass of matter?
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Answers from SM => More Questions…

Within the SM itself and based on calculations on SM:

Naturalness problem: Mass of yet-to-be-discovered Higgs 
boson diverges.

CP violation in SM not enough: Why more matter than 
antimatter?

Completely absent from SM:

No unification of the 3 forces.

Also where is gravity?

Why three families?

Dark energy?

Arbitrary “input” parameters. Why is md>mu? Why me<mn-mp?

Thursday, 29 December 11
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Answers from SM => More Questions…

Within the SM itself and based on calculations on SM:

Naturalness problem: Mass of yet-to-be-discovered Higgs 
boson diverges.

CP violation in SM not enough: Why more matter than 
antimatter?

Completely absent from SM:

No unification of the 3 forces.

Also where is gravity?

Why three families?

Dark energy?

Arbitrary “input” parameters. Why is md>mu? Why me<mn-mp?

Higgs? SUSY?

Does CKM triangle close? New flavor?

4th generation?
Extra dimensions?

Technicolor? E6? SUSY? 
Test QCD. 

What to look for?

Are these particles fundamental?

Related to Higgs vacuum???
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ATLAS and CMS

The two general-purpose detectors at the 
LHC. ~3000 collaborators each.

12
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} Inner Detector:
3 technologies (Pixel detectors, semiconductor
tracker & transition radiation tracker)
2T solenoidal magnetic field up to |η|<2.5
resolution  ~ 4% for pT=100 GeV

} Calorimeters:
Good granularity (transverse and longitudinal
sampling) and coverage (|η|<4.9)
=> Good angular resolution
EM  :  Pb/Liquid Argon (both in Barrel and Endcap)
HAD :  Fe/scintillation tiles (Barrel) – Cu/Liquid Argon (EC)
Forward (EM and HAD) :   Cu/W – LAr
Non-compensating

} Muon Spetrometer
4 technologies (MDTs and CSCs as precision chambers, RPCs and TGCs as trigger chambers) in a 
toroidal magnetic field in air => Resolution ~10% for muon pT = 1 TeV  (standalone measurement)

ATLAS Detector

EPJC 70 (2010) 723 
EPJC 70 (2010) 755 
EPJC 70 (2010) 1193

EPJC 70 (2010) 787

 EPJC 70 (2010) 875
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Detector Status
ATLAS overall data 
taking eff. : 93.5%

Overall fraction of 
data used for offline 
analyses, better 
than 90%.
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Summary: Despite their amazing complexity, excellent performance & >5fb-1 of data each!

Inner Tracking 
Detectors

Inner Tracking 
Detectors

Inner Tracking 
Detectors CalorimetersCalorimetersCalorimetersCalorimeters Muon DetectorsMuon DetectorsMuon DetectorsMuon Detectors MagnetsMagnets

Pixel SCT TRT LAr
EM

LAr 
HAD

LAr
FWD Tile MDT RPC CSC TGC Solenoid Toroid

99.8 99.6 99.2 97.5 99.2 99.5 99.2 99.4 98.8 99.4 99.1 99.8 99.3

Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at 
√s=7 TeV between March 13th and October 30th (in %), after the summer 2011 reprocessing campaign

Average	
  Live	
  frac,on	
  of	
  detector	
  components	
   97%
CMS overall data taking eff. : 
92%

Overall fraction of data used 
for offline analyses, better 
than 90%.
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Step 1: Standard Candles
Thanks to LEP and Tevatron (and LHC 
measurements from 2010), precise measurements 
of gauge bosons and top quarks.

Z bosons => Candle to calibrate measurements of 
charged leptons

W bosons => Candle to calibrate measurements 
of neutrinos (missing transverse energy)

top quarks: BR(t->Wb)≈1 => Can be used to 
understand b-tagging

15

Z mass

W mass
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Zμμ+MET candidate

Invariant mass of 
muon pair = 94 GeV.

Missing transverse 
energy = 161 GeV.

16

From 2010
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Zμμ candidate with 20 vertices
Standard candles need to 
be studied consistently, 
as the detector/machine 
conditions change.

17
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Coping up with high lumi
In 2011 both ATLAS and CMS have 
coped well with high pileup.

Minor degradation in performance 
(when it exists) is well modeled by 
simulation.

18
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Step 2: Measuring SM
Important in understanding the level of backgrounds.

Most important ones: Weak boson + jets, dibosons, single and pair 
production of top quarks.

Excellent performance. For example, better than 10% uncertainty 
in tt x-section

Important in understanding (the implications of) QCD: underlying event, 
multiple interactions, jet production, etc. Measurements of (b-)jet x-
sections, di-jet mass spectra, etc.

19

) (pb)t(tσ

0 50 100 150 200 250 300
-0.5

5.8

)τµCMS dilepton (   9± 26 ± 24 ±149 
TOP-11-006 (L=1.1/fb)  lumi.)± syst. ± stat. ±(val. 

CMS all-hadronic   8± 40 ± 20 ±136 
TOP-11-007 (L=1.1/fb)  lumi.)± syst. ± stat. ±(val. 

)µ,eµµCMS dilepton (ee,   8± 16 ±  4 ±170 
TOP-11-005 (L=1.1/fb)  lum)± syst. ± stat. ±(val. 

+jets+btagµCMS e/   7± 12 ±  3 ±164 
TOP-11-003 (L=0.8-1.1/fb)  lumi.)± syst. ± stat. ±(val. 

CMS 2011 combination   8± 11 ±  2 ±166 
TOP-11-024 (L=0.8-1.1/fb)  lumi.)± syst. ± stat. ±(val. 

=7 TeVsCMS Preliminary, 

Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097
NLO QCD

CMS PAS TOP-11-024

Double 
differential 
di-jet cross 

sections 
measured 

over a very 
large range 
of m12 and 
rapidity (y)
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Revisiting Old Friends
While measuring the SM particles, we also check for 
unexpected surprises:

Best measurement of the top-antitop mass difference. 
(CMS TOP-11-019).

Could the top quark be a quark with exotic charge? 
Q=-4/3 hypothesis excluded at more than 5σ.
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Step 3: Look for New Stuff
Outline of example analysis: search for 
sbottoms.

Pair production, then each decays to a b-
quark and the LSP.

Signature: 2 b-tagged jets + large 
missing ET.

Require PT(j1)>130 GeV, ET>130 GeV, 
PT(j2)>50 GeV. Veto events with additional 
high PT objects.

Construct a discriminating variable, most 
commonly some sort of mass variable that 
relates to the objects being search for.

Obtain background estimates in data 
control samples. For example events with 
high PT leptons considered in this 
analysis.

Compare background estimate with data.

Done with 2fb-1 of early 2011 data.
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Supersymmetry
Naturalness / Hierarchy problem: Radiative 
corrections to the Higgs mass are 
divergent.

New supersymmetric partners of 
known particles to cancel contributions 
from known particles.

A new fermion for each boson, a new 
boson for each fermion.

Gauge coupling unification (at percent 
level)!

Excellent dark matter candidate if R parity 
is conserved: Lightest supersymmetric 
particle will be stable & weakly 
interacting.

22
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More exotic stuff

24

Grand unification, new bosons, new quarks, extra dimensions, micro-black holes, ...
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Step 4: Look for Something Familiar

Last piece of the SM: Higgs - need analyses in many channels as the 
branching ratio to various final states depends on the Higgs mass.

26
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Hunt for the Higgs

Many channels - each with 
different backgrounds, 
different systematics, etc.

27

2	
  lepton	
  +	
  MET

2	
  lepton	
  +	
  2jets

H-­‐>	
  4	
  lepton	
   Hàγγ

Hàττ

HàWW

Thursday, 29 December 11



News from LHC & ATLAS, V.E.Özcan

So have we found it yet?

No, but both experiments see a strange excess.

Maximum local excess at the level of 2.6σ and 
3.6σ for CMS and ATLAS, around 124 - 126 GeV.

Correcting for LEE, significance goes down to 
1.9σ and 2.3σ.

So we are unable to say there is no Higgs.

28
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LHCb (LHCcharm) to Rescue?

3.5σ effect! 
29
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Sorry, says Brod et al.
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http://arxiv.org/pdf/1111.5000v2
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LHC Luminosity
So we have to keep on looking… => More data!

31
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Luminosity throughout 2011

32

Record peak lumi = 
3.65x1033 cm-2s-1
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Learning to work at high intensity

UFOs are getting less frequent. Single event upsets being 
mitigated by shielding and relocation.

33
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2012 Expectations
Bunch spacing: Keep 50ns

25ns seem would be preferred to reduce pileup. 
However limits due to the brightness from the 
injectors => Lower integrated luminosity.

Predictions for total integrated lumi per experiment, 
running through ~April to October 2012:

9 fb-1, assuming performance in October 2011.

12 fb-1, with increased bunch intensity and smaller β* 
(0.8-0.9m).

16 fb-1, with increased bunch intensity and smaller β* 
(0.7-0.8m), thanks to beam energy increased to 4GeV. 
Decision to be taken early in 2012.

34

pileup:
μ=9 for 25ns, ~10fb-1 scenario
μ=27 for 50ns, 16fb-1 scenario
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Conclusions
LHC ran well above expectations in 2011.

A plethora of results:

No new physics beyond SM.

Too early to say we found Higgs 
either.

Like a bad TV series, we are left 
with a cliffhanger at the end of the 
season.

Excellent understanding of the machine 
suggests that we will get up to 3 times 
more data in 2012, possibly at higher 
ECM.

Keep on watching us, as 2012 will be 
the year of “Higgs or no Higgs” for sure.
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http://www.hurriyet.com.tr/planet/19526138.asp

“Teselli Ikramiyesi”
arXiv:1112.5154
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