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Outline – Last year 

• Introduction 

• The Leptons 

–  electron, muon, tau & their neutrinos  [& photon] 

•  digression – point-like particles 

• The Quarks – 1 

–  up & down 

•  digression – magnetic moments 

• The Quarks – 2 

–  strange, charm & bottom  [& Z] 

• The Quarks – 3 

–  top 

• The last force carriers 

– W & gluon 

• And finally (?)  

– the Higgs 

• Conclusion 
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Outline – This year 

• Introduction 

• Summary of what we know from last year 

• Update on the Higgs 

• What is Real an what is Imagined  

• Conclusion 

 

 



Ken Peach John Adams Institute APPEAL-4: Particle Physics – Fact and Fantasy  14th June 2013  4 

(From Last Year) The Standard Model 

• Take a process 

     e+e-
m+m- 

4pa2/3s 
 

a is the fine structure constant 

s is the (C.of.M Energy)2 

 

(neglecting masses and √s<<MZ) 
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(From Last Year) 
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(From Last Year) What does R  look like? 

strange charm bottom 



Ken Peach John Adams Institute APPEAL-4: Particle Physics – Fact and Fantasy  14th June 2013  7 

UPDATE ON THE HIGGS 



Ken Peach John Adams Institute APPEAL-4: Particle Physics – Fact and Fantasy  14th June 2013  8 

Higgs limits (or signal) – last year 
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How do we expect the Higgs to be produced? 

Krisztian Peters 
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Let us look at one of these in more detail 

q 

q 

Each quark “radiates” a W  or a Z 

(Both must do the same) 

(c.f. Bremsstrahlung) 

(??? What is the force field?) 

Quarks embedded 

in the proton 

pdfs 
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More detail … (than you really want?) 

q 
q 

q 

 
 
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Even more detail  

   x: fraction of proton momentum   

 Q2 : energy of the (parton) probe 

 

 f(x,Q2):  probability that parton “p” 

has momentum fraction x when 

probed at Q2 

Partons: 

Gluons 

Quarks 

Antiquarks 
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Put it all together … 
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… and then … 

• Repeat for other Higgs processes 

• Don’t forget the 

backgrounds 

also have to be 

calculated in the 

same way 
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Now the Higgs has to decay …. 

Higgs Mass         ~ 125 GeV/c2  

Top-quark Mass  ~ 175 GeV/c2 

H 
t 

t 

̅t 

g 

g 



Ken Peach John Adams Institute APPEAL-4: Particle Physics – Fact and Fantasy  14th June 2013  16 

… and this is what we see!  

H 

t 

t 

̅t 

g 

g 
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A “typical” Higgs Candidate event 
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Another (more) typical event 

Hmmbb 
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Many events in one bunch crossing 
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And another accumulation … 
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A not-so-happy story 

• In both the m+m- & e+e- channels 

– excess of events > 500 GeV @ 7 TeV ? 

– Disappears at 4x luminosity & 8 TeV !! 
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Errors 
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Errors 

mH = 126.8  0.2 (stat)  0.7 (syst)  GeV/c2 

 
FWHM = 4.5 GeV/c2 = 2.36 s  s = 1.9 GeV2 

Statistical error on the mean is usually ~s / N   

 - what is N? 

 ~ 900 ev in signal would give ~0.07 GeV2  

But there is a background (~2700 events) which dilutes the signal  

sstat ~ 3  .07 = 0.21 GeV2 (c.f. 0.2 above) 
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Errors – systematic errors 

mH = 126.8  0.2 (stat)  0.7 (syst) GeV/c2 
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Hgg versus the Standard Model 
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Add information from all channels 

Predicted Standard Model SIgnal Strength 
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… so … is this how it happens? 

20,000,000 times/second 

Shall I 

interact? 
Stop 

No 

Yes 

Choose a 

parton 

[quark, 

gluon] 

Select x, Q2 

Find 

another 

parton 

Select a 

process- 

Higgs? 
Not interested 

No 

Yes 

Choose a decay 

This is what 

the Monte 

Carlo 

programme  

does 
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??????????????? 

• Probably not 

– This is our description of what happens 

        and our explanation of what happens 

• It has the merit of “accuracy” 

–  when used to predict what will happen 

 

it Happens! 
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A bit more detail on the calculation … 

“momentum-space” 
Remember this? 

Note: I have left out hundreds of indices (relativity, quantum mechanics) !!!!!!! 

Finally: We know precisely all the particle momenta 

 We (Heisenberg) have no idea where they are!!!! 
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QUESTION? 

Is this fact? 

or 

Is this fantasy? 
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Conclusion (almost as last year) 

• We have a wonderful “model” to  

    describe the particle world 

– but it is not a theory 

• it describes but does not explain  

– and has “missing links” 

• What about gravity? 

• Why 3 forces? 

• Why 3 generations? 

• How does the matter-antimatter asymmetry arise? 

• Why 3 space and 1 time dimension? 

• Are there more dimensions? 

• … 

• We can model it 
– but do we understand it? 
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LEAD-LEAD COLLISIONS 

Something Different 
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Lead-Lead collisions 
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ALICE: A Large Ion Collider Experiment  
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An ALICE Event 


