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What you learned

why it is important to find the Higgs.

what is fundamental anod what is not.

Why we think there are exactly three neutrinos.

Wwhy we are searching for “unification theory”.

An understanding of what progress is in sclence.
Asking the why questions and not just how and what?
That we dont Rnow what mass Ls!



can use in class:
The first 14 slides - roughly.

The animation of why light slows down tn a mediume.

The relation betweew Lifetimes and decay channels.

Bverything caw be tracked back to the fundamental forces:
Michelangelos example with the winal.

The stability of the neutron tn the nuceleuns

The purpose of proton-proton collider versus e-/e+

We can now tell the students the reason why they have built
LHC

We can now explain qualitatively how the Higgs field works
we can explain an example of virtual particles




Particles don’t age
The properties of a particle are independent of its “age”.
A proton produced today cannot be distinguished from a
proton produced during the big bang.

€.9.: The probability that (W—=p e V) L the time tnterval At is
independent of the time that the neutron has already Lived.

Ppn—pevin At) =l At P(n stable after At) = 1 - [ At

P(ndecays afeer T) = (L - T A)N = (2-TT/N) N S exp (-I'T)




O How Ls the upper Linmit of the Higgs boson known?

B Ste e covaLLcated and takes timee. 'L e)qsLaiw Lt at the end if there is time Left

O s it possible to find the Higgs boson Ln the Tevatron?

O YES, but only if it is light and if the Tevatron can accumulate enough data

O Are parthLes begowd the sStandard Model expecteal?

D eSS, because we need new phenomena to e)q:La'm park Matter, neutrino masses, anol
few other puzzles left unanswered by the Standard Model

O why was A=1 for the top quarks?

O (tis an experimental fact, we still don't have a “why” explanation. This is adeep
mystery, but Lt could also bejust a numerteal colnctdence




can Yyou solve the “dark watter” prochm at the LHC?

O  nprinciple YES. For example, if the DM particle is the lighest particle of
supersymmetry, which we expect to produce it at the LHC.

Why s the gravitow a tensor boson and not a vector boson?

O The photon is a vector because it couples to the electric current, which is a vector. The
electric curvent is a vector because the electric charge is a scalar. The charge of gravity
Ls “energy”, which is the time component of a 4-dimensional vector. Its current Ls
therefore a 2-tndex tewsor, and the graviton, which couples to it, must be the same

s it possible to have many (2,3,...) Higgs?

O YES. This is true, e.9., in supersymmetry. One Higgs field gives mass to up-type

quarks, the other to down-type quarks. If so, the LHC will hopefully see both Higgs
bosons!




Questions

O Cawn quarks interact with the weak field?

q q

O Could you comment ow the directlons on the arrows on
the diagram tn slide 17?2 (We haven't heard a Lot about
Feynman diagrams).




Questions
O How do we Rnow that the Higgs will decay into 2 Z
particles?

W,ZL
H .................. .

Gluon-gluon fusion (NIMNLO):
- Largest rate for all m(H).
- Proportional to the top Yukawa coupling,yt

- gg initial state

Vector-boson (W or Z) fusion (NLO):

- Second largest, and increasing rate at large m{H).
- Proportional to the Higgs EVV charge

- mostly ud initial state

+
wWo,Z
W (Z)-strahlung (NMNLO):
- Same couplings as in VB fusion
0 - Different partonic luminosity (uniquely ggbar initial state)

H
ttH/bbH associate production (INLO):
- Proportional to the heavy quark Yukawa coupling, Yar

E "T85 00
dominated by ttH, except in 2-Higgs models, such as SUSY,

where b-coupling enhanced by the ratio of the two Higgs ¥

expectations values, tan[3

. . . . ) E BT8O0
- Same partonic luminosity as in gg-fusion, except for

different x-range =




Questions
O clarify the figure on slide 19 - you said the width
grows with the number of neutrinos — yet tn the figure
Lt seems to marrow with the number of neutrinos?

Hadrons

? o N Yow are right, but the width is defined at
? /2 N half the hetght of the peak. with more
/i N neutrinos the peak is reduced more quickly,
and the width at half-peak increases.

Owne can also prove that the peak height Ls
Lnversely proportional to the width,

O-‘Pea}g o< MZ/ r

so the decrease Ln the peak Ls ttself a sign
that the width is tnereasing

Energy (GeV)




Questions
O Could Yow recap the Phgsics behind slide 222 what do
we want to prove with Lt?

Real data (Tevatron) vs theoretical expectations
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Existing date prove that quarks are pointlike at least down to 1017 em

The LHC will probe distances a factor of 10 smaller!!




Questions
s the Higgs field the modern version of the ether? why

not?

what would happewn if the Higgs Ls not found?

Ave there any restrictlons on “virtual” partLoLes nstoe a
proton? Please clarify.
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