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Outline 

•  Some pon-fica-on for the young in the 
audience 

•  The CMS detector and possible run scenarios 

•  The Standard Model at the LHC 

•  Models of exo-c physics 

•  Di‐object searches 
•  Heavy stable charged par-cles 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Discover what? 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Ques-ons of the standard model 
•  What causes electroweak symmetry breaking? 
•  Where is the higgs? 
•  Why is it light? 
•  Why is there so much more maRer than an-maRer in 
the universe??  

Ques-on from cosmology 
•  Where is the dark maRer par-cle? 
•  What is dark energy? 

And Beyond 
•  Why do the fermions have such different masses? 
•  Why are neutrinos so light? 
•  Why are neutrinos not masses? 
•  Do the forces unify at a high energy scale? 

etc. etc. etc. 

An exci-ng -me, as there are so very many ques-ons: 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Our new tool 

  pp  √s =14 TeV  L=1034 cm‐2 s‐1=10 μb‐1MHz (0.6A, 4μm) 
  crossing rate 40 MHz (25 ns) 
  circumference of 27 km (16.8 miles) 
 Cost of about $3B? (depending on accounPng method, conversion rate, etc) 
  will start up at 10 TeV (factor 5 higher than Tevatron) 7 TeV (factor 3.5 higher than Tevatron) 



Discovery at the LHC 

29 Sep 2009  Seminar, U. Penn  5 

LO descrip-on of a new par-cle search 
•  think about what dis-nguishes your signal from background 
•  design some variable or combina-on of variables (boosted decision tree, NN, etc) that 
maximizes the differences 
•  cut away most of your background using some criteria that op-mizes significance 
•  es-mate the remaining number of  SM events (produc-on cross sec-on, BR, 
acceptance, efficiencies) 
•  see how many pass and feed that and your es-mated background to RooStat and see 
what you got 

The LHC represents a new energy threshold. 
Once we turn on, it should be simple to discover new par-cles, right? 

Is it really that simple? 



It’s been a long -me 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c,τ  b 

13 years! 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Very Different? 

The SppS turned on at 1% of final 
instantaneous luminosity in 1983, 
but in the first run of a few months 
discovered the W with 8 events. 

Z0 

sps 

Tevatron turned on in 1987.  Top discovered 8 
years later. 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Actually had a lot in common 
•  ALL proper-es of the signal -ghtly constrained by standard 
model  

• Signal shows up in mul-ple channels 

•  with FIXED RELATIONSHIPS 
•  not only does the background agree with the background 
predic-on, but THE SIGNAL AGREES WITH THE SIGNAL 
PREDICTION 

•  searches are easy (in principal) to design (op-mize s/root(b), 
and it’s (rela-vely) easy to interpret the results 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Z to bb 

Would you believe this if it weren’t the Z? 

When what you are looking for has very well defined proper-es, you can do 
remarkable things 



Single top 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CDF 



Tau/charm discovery 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When the new physics is unexpected, things are much more challenging 

hRp://www.os-.gov/accomplishments/perl.html 



tau/charm 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New Physics 
•  Higgs is like top/W/Z.  It’s a standard model based search. 

•  However, there are many compelling models of new physics 
that address deficiencies of the standard model known from 
cosmology and theore-cal considera-ons.  If any of these are 
right, we could find ourselves in a charm/tau like scenario 
(Higgs is the new charm). 

–  SUSY? 
–  Extra dimensions? 

–  LiRle higgs? 
–  New strong dynamics? 

–  Compositeness? 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What kinds of exo-c physics are we sensi-ve 
to with a small quan-ty of low quality data? 
What can we look for without strong 
constraints from a model? 
How can we find it? 



General Observa-ons 
For searches using a small amount of low quality data: 
•  Want big cross sec-on and clean signature (final state with high pT leptons 
or other drama-c signature) 
•  The earliest results may come from something that couples to gluons 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Reports of the Tevatron’s death have been 
greatly exaggerated.* 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For what masses/ini-al states does 300 pb‐1 at 10 TeV beat 8 o‐1  (now 5) at  
the tevatron (2 TeV)?   

8000
300

= 26

S-rling 

26 

* Mark Twain 



And if 7 … 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Discovery 
What can we discover? 
•  above Tevatron reach ‐> gg ini-al state with M>100 or qq state with M>600 GeV 
•  if it has no background and 100% e*A, need at least 5 events: 15 o xsct 
•  typical 10‐80% acceptance 20‐150 o  

Examples of things with “no” backgrounds 
•  heavy stable charged par-cles (HSCP) 
•  blackholes 
•  Zprime to ee, mumu 

300 pb at 14 TeV 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CMS 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Slice of CMS 



ATLAS CMS 

Magnetic field 2 T solenoid + toroid (0.5 T barrel 1 T 
endcap) 

4 T solenoid + return yoke 

Tracker Si pixels, strips + TRT 
σ/pT ≈ 5x10-4pT + 0.01  

Si pixels, strips 
σ/pT ≈ 1.5x10-4pT + 0.005 

EM calorimeter Pb+LAr  
σ/E ≈ 10%/√E + 0.007 

PbWO4 crystals 
σ/E ≈ 3%/√E + 0.003 

Hadronic 
calorimeter 

Fe+scint. / Cu+LAr (10λ) 
σ/E ≈ 50%/√E + 0.03 GeV 

Brass+scintillator (7 λ + catcher) 
σ/E ≈ 100%/√E + 0.05 GeV 

Muon σ/pT ≈ 2% @ 50GeV to 10% @ 1TeV (ID
+MS) 

σ/pT ≈ 1% @ 50GeV to 10% @ 1TeV 
(DT/CSC+Tracker) 

Trigger L1 + RoI-based HLT (L2+EF) L1+HLT (L2 + L3) 
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Of course, they will be new detectors 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Peak at 86 GeV. 

Run Aug – Oct 92.  Some plots from a Nov 92 talk  (Madaras) 



Can s-ll do a lot with a new detector 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Run Aug – Oct 92.  Some plots from a Nov 92 talk  (Madaras) 

W events 

(MET obviously was quite useable in this brand new 
detector.) 



ATLAS and CMS may be the best understood detectors 
ever at turn on 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Cosmics 



Well‐calibrated 

29 Sep 2009  Seminar, U. Penn  24 



29 Sep 2009  Seminar, U. Penn  25 

Beam Splash Events 

CMS 

146 m 

TAN 

TCTV 

TCTH 

MBRC 

TCLP 
•  Beam with 2x109 protons dumped  

onto a target (collimator) 
150m upstream of CMS 
–  Sept. 7,9,10,18 

•  Leads to a “tsunami” wave of O(100K)  muons coming down the 
tunnel! 

–  A far cry from the single cosmic muon events… 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CMS lights up 
HCAL energy  ECAL energy 

DT muon 
chamber hits 

debris 

Inner tracking 
systems kept OFF 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Possible Run plans 

March, 2005 

LHC Dipole 
March, 2005 

CMS Detector, Sept. 2005 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Possible run scenarios 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Slides from Mike Lamont from “CMS week in Bologna, 7‐2 Sept. 2009 



Stablizer problem 

LHC status ‐ CMS week  7‐9‐09 31 

Bad electrical contact between wedge and U-profile 
with the bus on at least 1 side of the joint  

Bad contact at joint with the U-
profile and the wedge 

May limit to 3.5 TeV.  Depends what the sectors that have not been measured warm look like. 



Plugging in the numbers with a step in energy 

LHC status ‐ CMS week  27‐08‐09 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1  Beam commissioning 

2 
Pilot physics combined with 
commissioning  43  3 x 1010  4  8.6 x 1029  ~200 nb‐1 

3  43  5 x 1010  4  2.4 x 1030  ~1 pb‐1 

4  156  5 x 1010  2  1.7 x 1031  ~9 pb‐1  2.5 

5a  No crossing angle  156  7 x 1010  2  3.4 x 1031  ~18 pb‐1  3.4 

5b 
No crossing angle – pushing 
bunch intensity  156  1 x 1011  2  6.9 x 1031  ~36 pb‐1  4.8 

6 
Shiy to higher energy: approx 4 
weeks 

Would aim for physics without crossing angle in the first instance with a 
gentle ramp back up in intensity 

7 
4 – 5 TeV (5 TeV luminosity 
numbers quoted)  156  7 x 1010  2  4.9 x 1031  ~26 pb‐1  3.4 

8  50 ns – nominal Xing angle  144  7 x 1010  2  4.4 x 1031  ~23 pb‐1  3.1 

9  50 ns  288  7 x 1010  2  8.8 x 1031  ~46 pb‐1  6.2 

10  50 ns  432  7 x 1010  2  1.3 x 1032  ~69 pb‐1  9.4 

11  50 ns  432  9 x 1010  2  2.1 x 1032  ~110 pb‐1  12 32 



LHC 2009 

LHC status ‐ CMS week  7‐9‐09 

•  All dates approximate… 
•  Reasonable machine availability assumed 
•  Stop LHC with beam ~19th December 2009, restart ~ 4th January 2010 

33 



LHC 2010 – very dray 

•  2009: 
•  1 month commissioning 

•  2010: 
•  1 month pilot & commissioning 
•  3 month 3.5 TeV 
•  1 month step‐up 
•  5 month 4 ‐ 5 TeV 
•  1 month ions 

27‐08‐09 34 LHC status ‐ CMS week 



10 vs 14 TeV 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Unfortunately, most reach studies done so far are at 14 TeV (CMS has not yet done 
any at 7 TeV) 
  ra-o of parton luminosi-es plots 

gg of course 
down more 
than qq 

S-rling 



Searching for the Unknown 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Concentrate on backgrounds, since don’t really know what your signal will be. 

You have to know your Standard Model processes well. 

Use your standard model processes to understand your detector. 



Lots of Backgrounds 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Most of the backgrounds can be made small 
by requiring an isolated e or mu, or large 
MET, in the final state.  (apologies for 
neglec-ng taus in all these talks)  

(However, there can be large uncertain-es 
on the remaining “QCD” background. In 
general, the simula-on can not reliably 
predict these backgrounds because 
•  fake rates from MC are generally good to 
within a factor 2 at best 
•  tails of MET distribu-on even less reliable 
•  need higher order QCD calcula-ons for 
kinema-cs, which are not (all) available 
•  due to the small fake rate, would need 
huge MC samples to do this 
Data‐based background methods are 
required.) 



Cross sec-ons 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process  order  14 TeV 
(pb) 

10 TeV 
(pb) 

reference 

Rbar  NLO+NLL  910  430  arXiv: 0804.2800 

Single top  NLO  320  160 

W‐>eν or μν  NNLO  22000  15000  arXiv:0901.0002 

Z  NNLO  2000  1400  arXiv:0901.0002 

WW  NLO  112  1 

WZ  48 

ZZ  15 

Also see arXiv:hep‐ph/0611148 

Ayer lepton or large MET requirement, main backgrounds tend to be top, W, Z, 
dibosons 



Z 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Cross sec-on is lower than dijets and W, but it’s a very very clean channel that allows 
full kinema-c reconstruc-on with low systema-c errors. 

•  peak posi-on can be used to check/set EM calorimeter and tracking energy scale 
•  width of peak can be used to check/set resolu-ons 
•  rate of double tags can be used to es-mate lepton iden-fica-on efficiencies 
•  theory errors on cross sec-on a few percent ‐> can be used to check/calibrate 
luminosity 
•  balance between Z transverse momentum can be used to understand jet energy 
scale, resolu-ons, MET resolu-on. 
•  can be used to understand vector boson plus jet produc-on and other vector boson 
backgrounds to searches (discuss when I discuss susy searches) 
•  usually not a significant background to searches 
•  PROBLEM: low cross sec-on compared to the processes you use it to study 

In 300 pb‐1 at 10 TeV, expect 420,000 produced per lepton flavor 
With typical acceptances of  40%, we expect O(150k) events/lepton flavor 
Z samples from Tevatron currently at: 50k/o‐1 (with roughly 6 o‐1 on tape‐
>300k/flavor) 



Very low backgrounds 

29 Sep 2009  Seminar, U. Penn  40 
CMS es-mate for 14  TeV, 10 pb‐1 

14 TeV 



MET resolu-on 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Zee MC versus data with and 
without d0raw2sim: Dzero 

D0 



W 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Need to understand well, since a copious source of events with leptons and MET 
Luckily, cross sec-on grows slower with root(s) than top cross sec-on (another great 
calibra-on source) 

Can be a good calibra-on source once understood 

Challenges  
•  pp is not ppbar (true for Z as well) 
•  larger backgrounds (for top, for example), more difficult to understand 
•  two solu-ons for pZ of neutrino (and louzy resolu-on, especially at high <n>) 

In 300 pb‐1 at 10 TeV, expect 4,200,000 produced per lepton flavor 
With typical acceptances of  40%, we expect O(1.5M) events/lepton flavor 



W+ vs W‐ 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Hep‐ph/9907231 

arXiv:0901.0002v1 
More u’s than d’s in proton so W+ cross sec-on is bigger 

Mrst 2004/2008 has be/er treatment of c,b quarks.  
Cteq has more glu at low x.  Alekhin has small s.   



Heavy quarks in proton 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Note  
importance of 
strange quark 
uncertainty for  
ra-o 



W+ vs W‐: TeVatron and LHC 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arXiv:0812.2571 



Inclusive W’s 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Ouch! 

How big will the backgrounds be? 

14 TeV 

Note: not log scale 



Inclusive W’s 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10 TeV, 10 pb‐1 



top 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Not just a candle, a candelabra (Ken Bloom, Nebraska) 
•  hadronic W’s ‐> jet energy scale 
•  b tagging efficiency 
•  b jet energy scale 
•  consistency over many channels gives strong constraint (dilepton, single lepton, all 
hadronic, with/without b tags) 
•  important background to many searches 

Efficiency* acceptance O(20%) in leptonic channels 
Expect 17K l+jets and  2k ll+jets (l=e,mu) 



top 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(J. Huston, Acta Physica Polonica B, 38, 2279) 

Challenges 
•   as with the W, in channels with leptons, reconstruc-on not trivial 
•  its jeRy at the LHC 



Top dileptons 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No b tagging 
10 pb‐1 

14 TeV 
CMS 

 

2 iso l PT > 20
2 jets PT > 30

Mee,µµ − MZ > 15

MET > 30

MET > 0.6

PT
ll  or MET not along -


PT
ll

Even so, a 
rela-vely clean 
signal 



Add b tagging 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100 pb‐1 



Single Leptons 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mu 
10 pb‐1 
No b tagging 
-ght selec-on 



 semi‐leptonic top 

29 Sep 2009  Seminar, U. Penn  53 

cms top‐08‐005 



top event proper-es 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Frixione, Nason, Webber, hep‐ph/0305252 Herwig is parton shower 
MC@NLO matches NLO and PS 



Bumps 

Or do they? 

One of several 
“Discoveries” of the 
pentaquark 

Bump hun-ng is one of the easiest kinds of 
searches to do. Low background bump 
hun-ng is even easier.  

They provide fool‐proof discovery 

Discovery of the Z 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Heavy Bosons to ee, μμ 
Predicted in many theories: TeV‐1 ED, RS ED, liRle higgs, L‐R symmetric, etc. 

Main background is DY produc-on.  Smoothly and quickly falling with mass. 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Extra Dimensions in a few slides 

Original mo-va-on: Solve the problem of why the planck scale and the electroweak 
scale are so different.  We know the Planck scale comes from looking at Newton’s Law 

   


F = GN

m1m2

R2   
M planck = 1 / GN = 1.2x1016TeV

If there were more than 3 spa-al dimension), especially some rolled up ones too small for 
us to see (and only gravity operated in the extra ones) , this would become 

  
M( )planck

2
= M*

2+n Rn

Adjust R and n so that M* can be the EWK scale (1 TeV) 

“ADD” 
“large extra dimensions” 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R = 10
30
n
−17 1TeV

m *






1+ 2
n n=1‐>1013 cm.  Ruled out 

1mm n=2 



ADD 

Signatures:  
•  mono‐X (X=jets, photons, etc)  
• blackholes 
•  enhancements of the high mass cross sec-on and 
changes in angular distribu-ons 

Par-cles in the wrapped‐up extra dimensions act like par-cle in box from 
undergrad QM.  Massless ground state is the standard 4d graviton : tower of 
(massive) states.  Sum of the tower of gravitons with effec-ve coupling (1/M*2)  
•  give reasonable bremsstrahlung cross sec-on 
•  can also have appreciable virtual graviton exchange 
•  if collision energy ‐> M* (can see extra dimensions), gravity can be strong (BH) 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TeV sized extra dimensions 

TeV-1  size ED.  (1 TeV=2x10-19m) 
Allow other particles to propagate in these (small) extra dimensions.  Get KK 
tower of states.  

 

mn = m0
2 +

n ⋅n
Rc
2








1/2 Dimension of n is number of extra 
dimensions (d).  m0 is the mass of the 
SM par-cle.  From precision EWK, for 
d=5, Rc‐1>4TeV 

Signature: high mass copies of SM gauge bosons, like Zprimes.  
 If all par-cles can propagate in the extra dimensions (requires k‐parity), get UED. 
If other SM par-cles propogate in the ED, can get HSCP 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Extra dimensions in 3 slides 

Signature: towers of spin 2 resonance that decays to di‐
fermions and di‐bosons (zprime‐like, but also γγ decay) 
mass spli�ngs of O(TeV) and variable width 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Cross sec-ons 

M=1000 GeV   sigma=.23 pb      acc*eff=0.67  N=46 
M=1250 GeV    sigma= 0.083 pb   acc*eff=0.68 N=17 
M = 1500 GeV   sigma = 0.033 pb  acc*eff=0.69 N=7  

10 TeV 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acceptance 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(Muon channel) 

Note difference in 
acceptance at 1 TeV for 
Zprime and graviton due to 
different ini-al states 
(qqbar vs gg   valence‐sea 
tends to produce events 
with large rapidity) 



Heavy Boson to ee, μμ 

Considera-ons: 
•  resolu-on, bias for tracks (muons) sensi-ve to alignments 
•  high energy muons brem 
•  hard to check efficiencies/resolu-ons/scale from data at high energy 
•  calorimeter could saturate at the highest energy 
•  calorimeter isola-on, had/em cut could lose efficiency at high energy 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Electron channel 

Selection
• 2 electrons with η < 1.442 or 1.560< η < 2.5 and PT > 25 GeV
• electron ID (cluster-track matching and shower shape variables)
• isolation in tracker/ECAL/HCAL
Acceptance 80-90%
ID efficiency around 88%

10 TeV 

Obtain non‐DY background using 
e‐mu events 



electron channel 



Electron Channel 



Muons and Alignment 
Alignment effect  
(startup conditions  
100 pb-1) 
Mass resolution: 
7-8 (10) % at 1 (2)  TeV 

Sta-s-cal significance related 
to sharpness of peak related to 
resolu-on 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Other high mass, low background 
resonances 

Can also look for other kinds of high mass resonances, some 
more, some less mo-vated. 
γγ, eq, eν, eγ, eμ, …  (etc etc etc) 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Large extra dimensions and γγ 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Remember: large extra dimensions, the lightest kk graviton is light (MeV), 
closely spaced, and there are lots of them.  For warped extra dimensions, 
the lightest graviton has a TeV mass. 

Sherpa used to generate signal and background with interference. 

BR(G→ ee,µµ) = 2%
BR(G→γγ ) = 4%



Photon ID 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event selection
• two photons with ET > 50 GeV (pixel hit veto)
• tight isolation



Backgrounds 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•  dijet and photon+jet backgrounds determined sta-s-cally by looking at conversions.  If 
E is close to sum_P, photon‐like.  If E>>sum_P, pi0 like 
•  DY background determined by using track ID efficiency measured at Z peak using tag 
and probe 
•  diphotons: normalize MC predic-on to date (with even -ghter isola-on, to reduce 
above backgrounds, when low lum requires upper cut below 300 GeV) for  M γγ < 500 GeV



Op-miza-on 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Do simple coun-ng experiment 

η < 1.5
M γγ > 700 GeV



limits 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Numbers are 
number of 
observed signal 
events at that 
integrated lum 



Gamma‐gamma 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If RS gravitons, expect resonance.  Can look for lowest excita-on of the RS‐1 KK 
graviton by looking for a resonance, or could just use the coun-ng experiment 
results from before and reinterpret. 



signal 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k>0.01 from precision 
ewk, <0.1 from 
pertuba-vity. 

Cross sec-ons grows 
with k 

k=0.01 



Limits 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26 Aug 09 DOE Review 77 

Leptoquarks 



Selec-on 

26 Aug 09 DOE Review 78 

Simple coun-ng experiment with data‐driven techniques for es-ma-ng backgrounds for 
first data 

At least 2 isolated electrons with PT >  30 GeV
At least 2 jets with PT > 50 GeV and η < 3
Mee > 100 GeV
ST ≡ PT

e1 + PT
e2 + PT

j1 + PT
j2 > f (MLQ )



Small backgrounds 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Data‐driven: top 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R(PT ) = 0.85 − 0.95

Leptoquarks can not produce e mu events.  Top does. 



Data‐driven: DY‐>ee 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Use events inside the Z mass window to predict the proper-es of events outside the 
mass window. 



Reach 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Bump hunt 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Muon channel 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Muon channel 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Heavy stable charged par-cles 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 86 Seminar, 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HSCP arise in models with new state and new conserved (or almost conserved) global 
quantum number, i.e. SUSY with R‐parity of ED with KK‐parity.  The par-cle is either the 
LSP or an NSLP with a very long life -me due to small coupling or close mass spli�ng. 

Some models: 
•  GMSB SUSY has long lived stau NLSP 
with gravi-no LSP.  Generally produced 
from decays of squarks and gluions. 
•  mUED has long‐lived KK states.  
Direc-on  pair produc-on of KK tau 
•  split SUSY (all scalar par-cles have high 
mass).  Long‐lived gluino (R‐hadron) 
•  MSSM with light stop as NLSP and small 
mass spli�ng between stop and LSP 

Gluino and stop hadronize to metastable par-cle by combining with light quarks and 
gluons (R‐hadron).  Gluinos (and stops) also have large cross sec-ons.   Complica-on 
with r‐hadrons: they can flip charge while passing through maRer.  Uncertain-es on 
energy loss in maRer due to uncertain-es on nuclear interac-ons 



HSCP 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Three main ways to look for them: 
•  look for events with large dE/dx 
•  look for events that arrive late at the muon chambers 
•  If slow enough, can stop in the hadronic calorimeter, wait there a while, and 
then decay when there is no beam. 

First two only work for par-cles that are not too slow. 
For second, lose all informa-on about the characteris-cs of the event that 
produced the HSCP. 

Beta =1 : arrive at CMS 
muon chambers at t=13 ns 
Beta = 0.3: arrives at CMS 
muon chambers at t=38 ns 
(25 ns later)  

Thesis: Andrea Rizzi 



HSCP 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If beta is not too slow…  

•  trigger off muon system, or off accompanying jets and MET  

• use dE/dX to measure beta 
•  use arrival -me at muon chambers and geometry to measure beta 
•  use bend in solenoid field to measure p 
•  have two separate measurements of m 

m ≈
p
β



HSCP 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dE/dx 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HSCP 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Stopped r‐hadrons 
Stopped muons from the ICARUS T600 module (hRp://arxiv.org/abs/hep‐ex/0309023) 

Muon ranges out in calorimeter, then decays to an electron (plus neutrinos) 
Hadronized gluino ranged out and then decays to Jet(s) (+MET) 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Produc-on and stopping 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gluinos at s =  10 TeV (qq → gg, gg→ gg)
decays Δ

g
++ → gu(uu)→ g χ1

0u(uu)

 

When stop
Δ
g
++          49%

Δ
g
+           20%

Δ
g
−          25%

R-meson 6%

50% of these stop in HCAL 



decays 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trigger 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background 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Data taken during 
cosmic ray data 
taking includes 
cosmics and HPD 
discharge 



Hybrid Photo‐diode (HPD) 
•  QE ~ 15% 
•  Gain 1500 ~ 2000 depending on voltage 

–  Running at high voltage, 7~8kV 
•  Has typical features of vacuum tubes: 

–  Discharges (HV + dielectric!) but at a low rate 
–  Some ion feedback 

•  Very complex op-cal‐to‐HPD 

    (ODU) 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Pedestal 

Ion Feedback 

Low Rate (discharges?  
             …under study)  



Noise 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Ion Feedback. HCAL HPDs occasionally generate appreciable signals even when no light 
is incident on their photo‐cathodes. Such signals are predominantly caused by a thermally 
emiRed electron ionizing a gas or surface molecule in the accelera-on gap of the HPD. 
That ion is accelerated back to the cathode and liberates further electrons, causing a 
signal equivalent to many photo‐electrons. This behavior typically manifests as a 
significant energy deposit within one to three channels of a given HPD within a single 
event. 
HPD Noise. It is known that the presence of an external magnePc field can alter the 
flashover voltage of dielectric materials (see reference [4]). Misalignments between the 
electric field within an HPD and the external solenoid field can lower the flashover voltage 
of the HPD. This can lead to an avalanche of secondary electrons, producing significant 
energy deposi-on in a large number of channels within an HPD. However, large energy 
deposits in mul-ple HPD channels have been observed even with the solenoid field off, 
and the source of these deposits is s-ll under inves-ga-on. Signals appearing in a large 
number of channels within a single HPD, regardless of the state of the magne-c field, are 
categorized under the heading “HPD noise”. 
RBX Noise. Events have been observed in which nearly all of the 72 channels within a 
single HB or HE RBX report large observed energies. Though the cause of this is not yet 
well understood, its dis-nc-ve signature allows it to be easily iden-fied within an event. 



HCAL Noise 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Rate and efficiency 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Rate for background and signal efficiency versus reconstructed jet energy 
before replacing the noisiest HPD’s (summer 2008) 



Noise reduc-on 

29 Sep 2009  Seminar, U. Penn  101 

Jet shape cuts: require leading 3 towers contain <90% 
of energy.  Require leading 6 towers contain at least 
60% of the energy. 
Calorimeter pulse shape cuts: ra-o of energy in trigger 
-me bucket to the one that follows and the energy in 
the 3rd to second.  Reject events that have significant 
energy 3,4, or 5 -me slices away. 



reach 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Dijet searches 
All though cross sec-on is strong, can s-ll be challenging due 
to  
•  large SM background   
•  poor jet energy resolu-on (compared to e,mu resolu-ons) 
and eta‐dependent JES that can further degrade resolu-on 
un-l it is understood and removed.  
•  tails on resolu-on due to FSR 
How can we make this more robust and do it with early data? 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Dijet Mass Resolu-on 

•  Resolu-on for corrected CaloJets 
–  9% at 0.7 TeV  
–  4.5% at 5 TeV 

•  Tails due to FSR (gluon) 

2 TeV Z’ 

|η| < 1.3 

Corrected CaloJets 

GenJets 

Natural Width 

ResoluPon 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Dijet Resonances in Rate vs. Dijet Mass 
  Measure rate vs. corrected dijet mass and look for resonances. 

  Use a smooth parameterized fit or QCD predic-on to model background 

  Strongly produced resonances can be seen 
  Convincing signal for a 2 TeV excited quark in 100 pb‐1 

  Tevatron excluded up to 0.78 TeV. 

QCD Backgound  Resonances with 100 pb‐1 

Spectrum falling quickly enough that will not really see bump (remember Z to bbbar) 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Dijet Resonances with Dijet Ra-o 

•  All resonances have a more isotropic decay angular distribu-on than QCD 
–  Spin ½ (q*), spin 1 (Z’), and spin 2 (RS Graviton) all flaRer than QCD in dN / dcosθ*. 

•  Dijet ra-o is larger for resonances than for QCD. 
–  Because numerator mainly  low cos θ*, denominator mainly high cos θ* 

QCD 

Dijet RaPo vs Mass Dijet Angular DistribuPons 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Dijet Resonances with Dijet Ra-o 

•  Dijet ra-o from signal + QCD compared to sta-s-cal errors for QCD alone 
–  Resonances normalized with q* cross sec-on for |η|<1.3 to see effect of spin. 

•  Convincing signal for 2 TeV strong resonance in 100 pb‐1 regardless of spin. 

•  Promising technique for discovery, confirma-on, and eventually spin measurement. 

Dijet RaPo for q*  Dijet RaPo for Spin ½, 1, 2 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Conclusions 


