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THE STANDARD MODEL
Fermions Bosons

Electroweak
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Standard Modell (SM) werks very wellland
hasibeen tested tol E-~O(100 GeV)~10-2m

Severallepen guestions

s \Why 3r'generatons

s \Why matier-antimatier asymmetry,
Dalikmatier?

Dalik enengy?

HOW dees the ElectreVVeak interaction break
nter EM and Weak interaction at |ow energies
(electreweak symmetry breaking)




ElectroWeak Symmetry Breaking

@ccurs at E —10001GeV. (1 TeY)

prtne Sivirrealized threugh Interaction Witk
Higgsiiield

Results i a yet-te-he-discovered IHiggs
particle







Do net knew! Iffthe Higgs mechanismi IS the
fght answer

BUL, IS not the answer;, semething| else
muSt be: eperational at the reV:scale

The LHE s the machine that will-allow: us
(o explore the TeV scale

Eind the Higgs (IiHts there) and study:its
Properties
And/Or see If there ist New: Physics




he LHC




Large Hadron Collider (LHC)

A 14 0ieV/. preten-proten collider
5 1 TeV =10t2eV

s A facto)r eff 7 more energy: tham the Eermmilah
fevatron

27 Kmileng tunnel, 200 ' m belew ground

9300 superconducting magnets (1232 dipoeles)
= 60 tens orliguid helum
s 11,000/ tens ol liguid-nitregen

Energy stored in magnets = 10/GJ




Each of the 1232 dipeles....
= IS 15 m long

s carries 11.8 KA ofi current

= provides a field of 8.3/ 1f

ere ane 2608 “hunches of pretens in
each heam

s 10%* pretons; per bunch
s 11,245 turn

Wihen breught inte: cellision the: transverse
S|ze ofi the bunRches IS of erder 10 wm







Picture of the tunnel
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A detector (ENMS);, hew we de physics at
the LHC
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Total Waight : 14,500 t.
Owverall diameter: 1460 m
Overall length : 2160 m
Magnetic field : 4 Tesla

| BETURN ¥OKE |




Coil insertion. 4T superconducting solenoid

Magnet is 12,000 tons. Stores enough energy to melt 18 tons of gold.
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Insertion of ECAL super modules




Insertion of tracker




closing of detector for magnet test
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What does the detector do?

e detector tries to measure the 4-mementa of all
particles in a pp: collisions

S-Mementa of charged particies are Inferrea oy
[econstructing tracks as It bends inra 479F magnetic field

For neutrals (, NEULrons), ENergy.Is measured by size
Off “Shower® innstrtumented matenal (calornmeter)

Tihe interactions patiems of palticles With the: detecton
elements allews te “identify the' particle Species
m €.]., electron Vs muen Vs proten




Select: i
Muon
Electron
Neutral Hadron
— Charged Hadron
Photon :

Silicon
Tracker

Electromagnetic
T 1‘1_]'] Calgrimeter
it
Hadran

Calorimeter

Transwerse slice
through CMS

Superconducting
Solernoid

Iron return yoke interspersed
with Muon chambers




Neutrines (or dark matter particles)

ey de net interact
[RElr presence’ s Inferred by conservation of

OIEIUIES P, = — 5" P iciple

IR practice this canienly e done Inthe plane

ransverse: to the neam! direction;, since
particles escaping dewn the beampipe ane
not measured

a Missing Transverse: Viementum, er Missing
Ifransverse Energy.







Gluens and quarks, = |ets

Tfhey de net directly, show: Upiin the detecto

Q@uarks and antiguarks are pulled frem;the
Vacuum and beund states, are: formed (Inadrens,
€3, pPIens; pretens;, etc)

iftae eriginal gltien or guark s energenc
enougi, the resultis a spray. o hadrens (jet)
[hat presenves the direction and energy. of the
eliginal gluen;er guark (nmore er less)
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Note: 45 GeV of MET

Two jets




What happens when tWwe protons
collide?

Mest efi the times: net Vern/ much

ihe pretens might break uprwith nmost
daughter particles going down the
peampipe. Atiew: ((=50-100) palticles with
Small’ transyerse: momentume(P5) shew up
N the detector
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Physics 105B: Billiard ball scattering:
c=4 1t R?2
Roroton — 107> m =2 o(pp)~10-2° m==100 mb



TThe garden-varnety collisions are not interesting (toe
Mest people)

Tihe interesting collisions are the “vielent® collisions
Where a lot of transverse mementum IS exchanged

IHerewe cani think eff collisions BelwWeen the
COMPONENLS; of the: proeton (guarks, antiguarks; and
gluenRs; aka partons)




Think of the LHC as' a parntien-parien collider

Broadband collider. Partons in the: proeton can
take any/ firaction efi the proton mementin:

IRl & prekanilistic way, that we cannot calctiate
fiiemfinst principles = measure it

[:(X) = pro of parton |
laving Momentum xR -

Parton: Distrhution
=Unction (paf)

Note that there are many.
many many glions.

LHC = gluen collider

34




Moving on te harder scatters

Jets ave large cress-
SEClions Pecause they.
o) o(bF) are sirong Precesses,; eg,

3i<2 gg=>4a0
oy o— 10 leok for “New: Physics"
ieguire. presence of v or
leptens (e, W, v) or
MISSING| ENeEnay,

s Backgronds are electro-
Weak Processes

s There are exceptions

I
I o { l'.(‘.'-t.}
I

: Tevatron LHC

)
£
e
<
T
jaF
No
o

Note: TeV-scale SUSY, o — 10°mb
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IHow! terloek fer“INew: PhaysSICs™




What Physics should | do at the LHC?

o IHiggs or not te HiIggs?

s Should I'oekilor the Standard Model Higgs,
o for “New Physics 2

Interestingly’ eneugh all of us'at UCSE
ave answered “not e Higgs:

Remainder of the' talk on searches or New
PhysIcs




3+1 Ingredients for New: Physics
Discoveries at the LIHC

0, Machine/detector: Iii they dent work; ferget It

i Tiriggers 1 you did net tigger eni It It never
NEpPpPEnead
2, Backgrounds: It's the background, Sstupid

s Need'to understand instrumentalland Standard
Viedel physics Backgreunas

5. Searches: If'you look for semething, you may: not find
it. BUt I yeu den't leok, you willfnever find it




What Is the “trigger*?

a(pp) — 100 mnh

GIves an “event rate” o order 100 VIHZ
Each event Is — 250 ki

250 kb x 100 MHz = 25, Thytes/second

Tirigger Is the system; that
selects the ~ 200
events/second! that ane
saved fier further study,




d’6/dndE |, (nb/TeV)

Trigger (2)
Tihe decisien onwhat te trigger on has enermoeus Impact on
the physics that we can do
Iirigger selects ebjectsi(e, w, Jets..) or combinatiens thereof

Al kinematical distrltiens fall steeply withr P+ = trigger
selects objects apoyve a threshoeld

lt1S always a compremise

= errans A balance between competing
st priorities
A SeUurce of'great dehate In the
collaheration

[fyeU, as a theerist have a great

jdea fer NP

Check that your events have heen
tiiggereadion

2. i not, try te convince people to
devete bandwidth to yeur theory

And Vour argument better be good...

40



“Trigger Menu®

Threshold Cumulative Rate
Trigger (GeV or GeV/c) (H2)

Inclusive electron 29 33
Di-electrons 17 34
Inclusive photons 80 38
Di-photons 43
Inclusive muon 19 68
Di-muons 7 72
Inclusive t-jets 86 75
Di-t-jets 59 76
1-jet * Epmiss 180 * 123 81
1-jet OR 3-jets OR 4-jets 657, 247, 113 89
Electron * Jet 19 *45 90
Inclusive b-jets 237 95
Calibration and other events (10%)

TOTAL

From the Technical Design Report. Obsolete. There are now close
to 100 different triggers in the menu




New: Physics discoveries @ LHC

1, Seli Calibrating

s A signal that stands eut, Where youldormot really,
needito understand the background very: well

2. Counting experments

o [he number off obsened events of Seme type'Is
>> than the SVl prediction

3. Distrbutions

o [he disthbution of some kinematical guantity/ 1S
Inconsistent with the SV prediction




Self Calibrating Signals (SCS)

A NP signall that ekvieusly stands out

= WhEere yeu de not need te knew: the SV BG veny
precisely

Eer example:

= A mass peak

X>AB, measure the 4-mementa of A & B, then,
(PatPe)e=Mye

a A huge distoertion te: some kinematical distripution

43




Drell-Yan

e orpu

e*orpu’
CDF Run 11 ( 0.45 fb™")

[ —
= o

=t
o

S T -

%
€
J
(=]
-
—
o
c
g
w

Il SM Drell-Yan

B Di-jet background
[ T WW background

200 250 300 350 400 450
M, (GeV/c?)

Events/10 GeV/c?

50 100 150 200 250 300 350 400 450 500
2
M. (GeV/c?)




SCS example: Z' 2 uu
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Anoether SCS example: di-jet mass distribution

Quark Composﬂeness New Interactions

Disterts angular distributions

L ~A
Vore: scaiters at high angles
= More jets at highr P

a More di-jets at high mass

Dljet Mass << A

Quark Contact Interaction

QCD + Signal

\

do/ dM or do/dP

If the "edge" is low enough, this
could be a relatively easy discovery

Dijet Mass or jet Py (Self-calibrating variety)




Di-jet mass distribution distortion

Ratio) o events at kigh-lew i IS’ a sensitive
| varianle that eliminatesman syst

Stat. Er forwfo‘ IE

2000 2500 3000 3500 4000 5000 6000
Corrected Dijet Mass (GeV) Corrected Dijet Mass (GeV)

Left-Handed
Quark Contact
Interaction




What was Just described Is like
Rutherford Scattering, but with guarks!

The alpha particle

Rutherford’s model of atom

48




SCS: Edges

ka

20 40 60 80 100 120 140 160 180 200




2, Backgrounds: It's the background, Sstupid

s Need'to understand instrumentalland Standard
Viedel physics Backgreunas




Less dramatic signais

Not all'NP signalsiare: as dramatic as)a mass peak

Particuliany fer signal withrdark maittels particles; eg,

SUSY

n Because dark maitter particles are not detected, only,
Inferred fiiom MISsIing Transverse Eneray

x And mest efien you have tWo per events




Signall can be

= “‘AUMBer of events passing selection™ > SV
Expectation

s “Kinematical distriputions ™ Incensistent with: SV

o

[ b%® signal | ] Wenjiz+njwz/zz
[ ] ti+jets B te=wiz(+)
m(b*)=500 GeV/c’
CMS Preliminary

B
]
2
—
nd
o
£
=
w

= [ o]
- n [ ) n [

=
[

1000 1500 2000
HT (GeV)

Example: pp = b'— = tW 8N. HT=sum of P of all objects




Understanding the SV background Is key,
RIS/ ISIWere most ofi the Work gees

Diificult because hackground Is usually amn
“Unlikely* SiVifevent

» |nithe tall eff distrbutions

Methoeds that thy tor estinate: the: background
fiemithe datal [iselif Using clever tricks are the
MEST rekpust




Example
pp > jets + MET Isia genenc signature of SUSY:

PP = Z + Jets, With Z = vv: gIves similar signature
Crucial to have an estimate of it




Clever data driven idea

PP > Z + |ets and pp = v + |ets have: similar
ProduCtien Properties

Se pp =2 .+ |ets data, delete v fiiemi the' event,
aply: seme well' Understeod coniections, predict
0D 2> Z(vv) + Jets

55




Test this Idea on simulated data

CMS Preliminary
——

—'r—z — VY

—l—']-’ prediction |

e
=
TTTT T LI

o
Q
o
o
T
g=
3
-
3

e
L

E-like (GeV)

(J. Incandela et al)



e I[mportant to come up with clever tricks
e | ots of work to validate theoretical tools when clever

tricks do not quite work

4 Conclusions

Advanced MC tools for the description of the SM, and for the isolation of possible new
phvsics at the LHC, are becoming mature. Validation and tuning efforts are underway
at the Tevatron, and show that a solid level of understanding of even the most complex
manifestations of the SM are well under control. The extrapolation of these tools to the
energy regiime of the LHC 1s expected to be reliable, at least in the domain of expected
discoveries, where the energies of individual objects (leptons, jets, missing energy) are of
order 100 GeV and more. However, the consequences of interpreting possible discrepancies
as new physics are too important for us to blindly rely on our faith in the goodness of the
avallable tools. An extensive and coherent campaign of MC testing, validation and tuning
at the LHC will therefore be required. Its precise definition will probably happen only once
the data are available, and the first comparisons will give us an idea of how far off we are
and which areas require closer scrutiny.

M. Mangano, Int.J.Mod.Phys.A23:3833-3848,2008




3. Searches: [fiyou look for semething, you may: not find
it. BUt I yeu den't leok, you willfnever find it




Model dependent vs. model
Independent searnches

Can searnchifor genenc NP signailres
= e.g.,thee +y+MET

Or;, Tor Very Speciiic, complicated signatures

5 €.0., pp>TT, THZ T>hW, t=>evbh 2= uw, WSy

Because we de net knew what the NS,
GENENC Searches are ven/ poweriul

BUL A& GERENC Search Worny abeui missing
complicated signature that nehedy. thetght




Palano (Bari)
D,,(2317) >Dg n°
PRL90 242001 (2003)

D°K threshold

cO meson. Was expected to have
mass ~ 2.5 GeV, decay strongly to
DK, and therefore have broad width

D*, sidebands
i IESES EEENESE SEEEEEE S
2.2 2:8 2.4 2

m(K*K n*n°) GeV/c?

TThis huge signal had been in vamnous data
Sets fier many. years!!







Where are we now
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(Good news! The Large Hadron Collider (LHC) — the massive particle
accelerator straddling the Swiss-French border — didn't destroy the
world! The bad news: The contraption didn't really work either. In

1 September, the 17-mile collider was switched on for the first time,

putting to rest the febrile webchatter that the machine would create an
artificial black hole capable of swallowing the planet or at least a
sizeable piece of Europe — a bad day no matter what. No lucid observer

ever thought that wuu]d rea]lj,r happen, but what the:,r did expect was

Good news! The Large Hadron Collider (LHC) — the massive particle
accelerator straddling the Swiss-French border — didn't destroy the
world! The bad news: The contraption didn't really work either. In
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Current Schedule

After extensive repairs the machine Is
scheduleditor come onlline this: Eall

Eneragy ofi 10 eV (designiis 14)
Low: Intensity. te: commission

=St resulis 1 2010




In the meantime the experiments are getting ready for data.
Using cosmic rays to debug detector, align components, etc




Conclusions

Tihe EHE era IS (finally) alkeut te begin

\Werare loeking foriward te finding out what
nature has In store for us




The End




Interim Summary Report on the analysis of the 19th
September 2008 incident at the LHC

Incident during powering

The magnet circuits in the seven other sectors of the LHC had been fully commissioned to their
nominal currents (corresponding to beam energy of 5.5 TeV) before the first beam injection on
10 September 2008. For the main dipole circuit, this meant a powering in stages up to a current
of 9.3 kA. The dipole circuit of sector 3-4, the last one to be commissioned, had only been
powered to 7 kA prior to 10 September 2008. After the successful injection and circulation of the
first beams at 0.45 TeV, commissioning of this sector up to the 5.5 TeV beam energy level was
resumed as planned and according to established procedures.

On 19 September 2008 morning, the current was being ramped up to 9.3 KA in the main dipole
circuit at the nominal rate of 10 A/s, when at a value of 8.7 kA, a resistive zone developed in the
electrical bus in the region between dipole C24 and quadrupole Q24. The first evidence was the
appearance of a voltage of 300 mV detected in the circuit above the noise level: the time was
11:18:36 CEST. No resistive voltage appeared on the dipoles of the circuit, individually
equipped with quench detectors with a detection sensitivity of 100 mV each, so that the quench
of any magnet can be excluded as initial event. After 0.39 s, the resistive voltage had grown to 1
V and the power converter, unable to maintain the current ramp, tripped off at 0.46 s (slow
discharge mode). The current started to decrease in the circuit and at 0.86 s, the energy
discharge switch opened, inserting dump resistors in the circuit to produce a fast power abort. In
this sequence of events, the quench detection, power converter and energy discharge systems
behaved as expected.




Interim Summary Report on the analysis of the 19th
September 2008 incident at the LHC

Sequence of events and consequences

Within the first second, an electrical arc developed and punctured the helium
enclosure, leading to release of helium into the insulation vacuum of the cryostat.

The spring-loaded relief discs on the vacuum enclosure opened when the pressure
exceeded atmospheric, thus relieving the helium to the tunnel. They were however
unable to contain the pressure rise below the nominal 0.15 MPa absolute in the
vacuum enclosures of subsector 23-25, thus resulting in large pressure forces acting
on the vacuum barriers separating neighboring subsectors, which most probably
damaged them. These forces displaced dipoles in the subsectors affected from their
cold internal supports, and knocked the Short Straight Section cryostats housing the
guadrupoles and vacuum barriers from their external support jacks at positions Q23,
Q27 and Q31, in some locations breaking their anchors in the concrete floor of the
tunnel. The displacement of the Short Straight Section cryostats also damaged the
“lumper” connections to the cryogenic distribution line, but without rupture of the
transverse vacuum barriers equipping these jumper connections, so that the
insulation vacuum in the cryogenic line did not degrade.
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