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European Organization for Nuclear Research

Organisation Européenne pour la Recherche Nucléaire

CERN in Numbers

2256 staff

~700 other paid personnel
~9500 users

| Budget (2009) 1100 MCHF

. 20 Member States: Austria, Belgium, Bulgaria, the
+ Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, ltaly, Netherlands,

§ Switzerland and the United Kingdom.
B o] Czineliclzits for Accassion © smeasshlio of
CERN; Romania

8 Ohbservers to, Council: India, Israel, Japan, the
Russian Federation, the United States of America,
J . Turkey, the European Commission and Unesco
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Conseil Européen pour la Recherche Nucléaire

1973: The discovery of neutral currents in the Gargamelle bubble chamber.

1983: The discovery of W and Z bosons in the UA1 and UA2 experiments. + ICSO(IS_gE

+ CN
1989: The determination of the number of neutrino families at the + nTOE
Large Electron Positron Collider (LEP) operating on the Z boson peak. + R&D
1995: The first creation of antihydrogen atoms in the PS210 experiment. + ..

2001: The discovery of direct CP-violation in the NA48 experiments.
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Do konce roku budeme védét, zda existuje "bozska
castice", znl z CERNu

Velky hadronovy urychlovaé ¢astic (LHC) by mél byt koncem roku vypnut, aby mohl projit rozsahlym
vylepsenim. Védci v Evropské organizaci pro jaderny vyzkum (CERN) viak véii, Ze se jim do té doby podaii docilit

jednoho z hlavnich cilii - dokazat existenci Higgsova bosonu, ktery je znamy téz jako "bozska éastice".

Magnet v urychlavagi CERN
FOTO: Reuters

CERN vyzaduje extrémneé jasné diikkazy, nez pripadné oficialné oznami existenci
"bozske ¢astice”. Oznami to vsak jen v pripadé, ze bude pravdépodobnost

omylu pouze jedna ku tfem miliénim ¢i mensi.

Nazor s nejvice souhlasnymi hlasy (79)

David Hanak, Prostéjov

MNedéle, 3.¢ervna 2012, 07:25:52 | Scuhlasim | Nesouhlasim | +79

Zase je plna obloha chemtrails.

Kdo to ma furt dychat to jejich sviristvo.Se pak divime,Ze narust rakovin prudce narostl a onkelogicky priimysl si
mne ruce.proé¢ vefejnd nevystoupi vlada v televizi a nefekne na rovinu co do téch letatadel cpou za svifistva,Ze se ta
vodni para viibec nerozpousti?Zase jenom vlada ml# a 12e.J4 od jingch vim,Ze tam cpou
barium,trimethylaluminium a dalsi skodlivé latky které musime djchat.Média jsou plné Ratha a o takovych
dulezitych vécech se viibec nemluvi,jsou to prolhanci a spiklenci proti nam.
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Zeneva - V obfim podzemnim
prstencovém urychlovaci u
$vycarské Zenevy nékolik dni
|étaly proti sobé svazky
urychlenych protonu. Zatim se o
dva milimetry mijely, dnes se
protony s velmi vysokou

energii mély srazit. Netrpélivé
oCekavany epochalni experiment
Evropské organizace pro jaderny
vyzkum (CERN) se vSak ponékud
zpozduje. Svazky protonl se
ztratily,
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today, so crucial to our final understanding of
the structure of matter, yet so elusive," but
jokingly added that a second reason was

ﬂlerman said he gave the Higgs boson the

nickname "The God Particle" because the
particle is "so central to the state of physics

because "the publisher wouldn't let us call
it the Goddamn Particle, though that might
be a more appropriate title, given its villainous
nature and the expense it is causing."

“Higgs boson decayed for our sins” /
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High energy physics today

Large Hadron Collider

» Length of 27 km.

* Has 4 large detectors.

» Unprecedented energy scales.

* It is most complex human-built machine.

Fundamental questions:

What is the origin of

mass? _
Why there was less antimatter than matter?

What is dark matter and dark energy?

Are there extra
dimensions?

Also, new technologies emerge:

« The WWW

* The GRID

» Medical applications

 Storage challenge

» Data processing

« Superconductors, electronics, etc.

LHC-ATLAS @ Astro 2012
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LHC layout and parameters

CMS
* 8 arcs (sectors), ~3 km each TOTEM
* 8 long straight sections (700 m each) IP5

* beams cross in 4 points extraction

* 2-in-1 magnet design with separate
vacuum chambers — p-p collisions

collimation
Nominal LHC parameters

Beam energy (TeV) Yol

No. of particles per bunch  1.15x10% 1Ea

No. of bunches per beam 2808

Stored beam energy (MJ) 362

Transverse emittance (um) 375
Bunch length (cm) 7.6

LHCb
injection B2

- B =0.55m (beam size =17um)
- Crossing angle = 285 prad
2 B O e s

LHC-ATLAS @ Astro 2012



CERN Accelerators

(not to scale)

reusrinos 1 Gran Sasso (1) 2/ e 0.87c by here

LHC: Large Hadron Collider
S5PS: Super Proton Synchrotron
AD: Antiproton Decelerator
ISOLDE: Isotope Separator OnlLine DEvice
PSB: Proton Synchrotron Booster

PS5: Proton Synchrotron

LINAC: LiNear ACcelerator

LEIR: Low Energy lon Ring

CMNGS: Cern Neutrinos o Gran Sasso

0.3c by here

mdell LEY, FF Dveoe, CERN, O 08 56

Revised uoel adupied by Satnclla Dhel B, ETT 05,
i collatesson with I Desforges, 31 (v, asd

Ty, Munglomicl, PS D, CFRN, 23,0604

Start the protons out here
LHC-ATLAS @ Astro 2012



Zrazky u LHC.

The collision point is "watched"” Each meeting of two bunches results

. in about 23 proton-proton collisions.
by sur'r'oundmg detector. The mean number of particles born

. . in all these collisions is about 1500.
Some parTlCles Just escaped The detector should record as many

from the collision zone, of them as possible.

the next collision threatens.

The detector should:

*have large coverage (4 ideal)
- be precise

* be fast (and cheap and ...)

So boring to paint
10" protons
Each proton carries energy 7 TeV. © o © in each bunch ...

So each bunch with 10" protons carries ° ~ o
energy 10x7x10%2 eV = 7x1023 eV = 44 kJ.

This is a macroscopic energy!ll

In order to reach such kinetic energy on a bike,
you go with a speed of more than 30 km/h!

@ 7+7 TeV (p'+p)
» 1150+1150 TeV (Pb?” +Pb>")

LHC-ATLAS @ Astro 2012
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ATLAS beam splash

>> 3D tall ===

VT <27, AT FETN T
oo S AR A NN

Rntz Rntw e 1 ool
- e S YN B .. Virtual Point 1 [run
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Collider

Higgs production in e’e” collisions:

e S|
A
000N
CRVAY,

RS |=300cm
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A Toroidal LHC ApparatuS

ATLAS

22 m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

.......

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker

44 m

LHC-ATLAS @ Astro 2012



A Typlcal Detector

Inner detector (Tracker)

Measures charge and momentum of
charged particles in magnetic field

Electro-magnetic calorimeter

Measures energy of electrons,
positrons and photons

Hadronic calorimeter

Measures energy of hadrons
(particles containing quarks), such as
protons, neutrons, pions, etc.

Muon detector

Measures charge and momentum of
muons

LHC-ATLAS @ Astro 2012



Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Solenoid magnet
[ Transition
Radiation
Tracking Tracker

e
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|
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H
e

Pixel/SCT
detector
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The dashed tracks
are invisible to
the detector

SATLAS
L EXPERIMENT
http://atlas.ch




Balloon
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Trigger motivation

¢ lee14Te _o%em2t  Fate
barn ul — . bunch crossing rate: 40 MHz
total interaction rate:~ 1 GHz
k—— ¢ inelastic - bl g
total interaction rate event size: ~1.5MB
b affordable: ~ 300 MB/s
SR s s storage rate: ~ 200 Hz

— online rejection: 99.9995%

e.g.: Higgs - ZZ - 2e+2u

kHz
storage rate

SUSY Gq+3g+3d -~

tan[i-2 p=m-=m —12

pb qq_)qusm

HSM_)W h— mHz

fb
SM—)ZZ —40

Qsz

® Z M—>37 scalar LQ

50 5000
jet E.,. or partlcle mass (GeV)

m
-

23 min. bias events:

powerful trigger needed ~ 1725 particles/BC
 Enormous rate reduction

« Retaining the rare events in the very tough LHC environment
« Sharing in between physics and technical triggers

LHC-ATLAS @ Astro 2012
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Hadronove vs leptonove collidery

\(/
OpiNG

* Precizne energeticke scany. * Distribucia energie medzi partony. (PDF)
 Pri vySSich energiach strata energie * S jednou energiou scanovanie Sirokého
vyzarovanim. spektra energii.

ALEPH

clectrons
— POSILTONS

— prolons
antiprotons
Pbions
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Tevatron LHC

* In principle want to annihilate particles with antiparticles

» Generation of antiprotons is very expensive and limits luminosity
* At high energy PDFs anyway dominated by gluon and sea-quarks
* (almost) no difference between pp and pp cross sections
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Simulation of LHC collision

Hadronization,

Hard interaction -
. — hadron decay
@

Parton
showers

Interactions

> ‘ Underlying
. event / multiple
'. L] e ..
. na

LHC-ATLAS @ Astro 2012



muon

Z+

~ ™

Jet 1(b) o

neutrino

=5
-

+

w-

proton: beam

antiproton beam

==

neutrino

electron

LHC-ATLAS @ Astro 2012



—
o
wn
I IIIIIII| TTT
<
=
—
I
n
o
E®]
(o)

wlp ¢

1= ATLAS Preliminary

p1’mIJ'
[ Data 2010,\s= 7 TeV | m
10 | | | L1 1 || | | | L1 J 11 | | | L1 11 | 0
1 10 10° \
M, [GeV] p,,Mi
S"‘ZOOOZI LI | T T T T | T T T | T T T | LI T | T T T |:
) 18001~ _g- Data | Ldr =39 pb™ ATLAS Preliminary — my= Ez_p2
g 1600 T E'ﬁ tofdataf'tt dat E 2 2 2
- - g. from fit to data e _
S 1400F- Pythia MC (direct J/y) = mo (E +E ) (Pl"'Pz)
c 1200 — Fit to MC+data bkg. T 2
E ] +m’+ + +
5 10007 7, = 3080 £2 MV £ o= (Vplem+piem, (fl P o
- = e — —_
800 5YC =135 2 Mev E mo—(p1+p2+2m +2\/p1+m \/p2+m )—=(pi+p3+2p, p,)
6003_ Snie =134+ 1 MeV _E >
a00f  Mmi<247 E :(2m +2\/p1+m \/p2+m —(2p, p,)cos(a)
- (1.37<[n|<1.52 excluded) -
200F E
0" s LSS
1 15 2 2.5 3 3.5 4
Meo[GeV]

LHC-ATLAS @ Astro 2012



BROKEN SYMMETRY AND THE MASS OF GAUGE VECTOR MESONS*
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BROKEN SYMMETRIES AND THE MASSES OF GAUGE BOSONS
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GLOBAL CONSERVATION LAWS AND MASSLESS PARTICLES*
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We should perhaps finish with an apology and a caution. We apologize to ex-
perimentalists for having no idea what is the mass of the Higgs boson, unlike the
case with charm [3,4] and for not being sure of its couplings to other particles, except
that they are probably all very small. For these reasons we do not want to encourage
big experimental searches for the Higgs boson, but we do feel that people performing
experiments vulnerable to the Higgs boson should know how it may turn up.
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M, <18 MeV

1 M, <350 MeV
: accessible in K-m+H decay?
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Maxwellove rovnice:
V-E=p ; V-B=0
OB

_O0E_, 0B b o
VxB =7 V X E+ 5 =0 — A"=(d, A) éAJ =(p,J)
E:—Vd)—g ;, B=Vx4

| _E2 _E3 /
_B3 Bz

\ 0,F"'=0,0"4"-0"(0,4")=J"
Lorenzova kalibra¢na podmienka: O, A'=0

a“avFUV:O - apJU:O /

Zachovanie elektromagnetického naboja
(rovnica kontinuity) A= A2 aP A

(0" c’iu)A“:JlJ \ Existuje mnoho potencialov

popisujucich stejnu fyziku.

F=0"4"-8" 4"=
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Ak prostredie bez zdrojov:
0, A"=0 J"=0
Potom plati: (8"9,)A"=0

Co je Klein-Gordonova rovnica
pre nehmotnu Casticu.

4-vektor ma 4 stupne volnosti, ale: (@) (b) (©

Lorenzova (Ludvik) kalibracna
podmienka: 0,4"=0
a

Rezidudlna invariancia 4 "=A4"+0" A\

Vyzeru 2 stupne volnosti. Preto ma
nehmotny fotdn 2 tranzverzalne polarizacie.
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Nerelativisticky:

P oy _ V?
: : EF=— ; —_Y
Relativisticky:
p”:_ia“:ig“vg_v E’=p*+m’ (6"0,+m”) D=0
X

I'm a positron!
and | have amustache.

Spin 1/2 y
(iy"6,—m)¥Y=0 (@‘
(6"0,+m*) ¥

—(iy“o,+m)[(iy"0,—m)¥]=0

Electrons (leftchiral) and positrons (right-chiral) are two completely different particles, as evidenced by the
positron's mustache.

(y', yj=2g" m:(o 1)
)

P=(o1): #=(a ¥) ~- (0
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0~ 0~
s=] 2 (9.0,9)d'x  ss=0 % 55 O

o) "

(iy"o,—m)¥Y=0 Y=Yy’ S I=Y(ivio,—m)V¥

Chceme aby bol Lagrangian =0Ty (iy"o,) 2O _ 700 LiI0OLTY
invariantny voci otoCeniu fazy o o Ws i00(x) 5 +i00.0 W

O(x). (tzv. U(1), . symetria) We=7(0,+i00,0(x))

W W' =,2000Hy Musime pridat ¢len ktory to kompenzuije.

Yo Y= 00y

Zavedieme tzv. Kovarianu derivaciu
Z=W(iy'D,—m)¥ ; D,=(0,—ieQ A,
=W(iy"o,—m)W+e04, (WY y'W)

Z poziadavku na zachovanie lokalnej invariancie
nam vznikne vektorové pole (spin 1) — foton.

A;zAHi—ap@(x)
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Electron kinetic term e mass term

=WV, WteQ AW V”LP—m_LIJLIJ—LlTFwF”V QED

interaction term kinetic term for
elmag. field

(0"0,) A'=J" (0"0,)A"=J"=eWy"W
ZMR.

. CN e 1 —EQ ny - v
M+zwm(Idﬂmhwwﬁ(g;)(wﬁMWTMm)

o
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SU(Q)L X U(l)y

Mon-commutative
Rl R2#RZRl R1: counter-clockwise rotation of 90" ahout the x axis

An object is rotated by 90° around two different axes R2 : counter-clockwise rotation of 90° about the z axis v
e e p e e
El El Rl virtual photon W-
1 1st rotatien l T T i S R W W . W ., " A,
e n
Electromagnetic Weak
green P n
' |
L e L LT D[ YOI AN 23— e
Applying the same rotations in reverse order leads to a different cutcome green-
. ; . green antiblue e P n
R2 Rl B2 gluon
15t rotation nd rotation between quarks between nucleons
n p*
Y
1 e 1
. —> -
D, = ﬁu—zgi*r W, —1ig §YB.H
Vv e

i\ [y i, i ] (v
D —|9,—- =B, + —=W a

L
2 2 L M = E[@’Y“uw][ﬁ_ﬂy%]
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SU(Q)L X U(l)y

Neabelovska grupa — self interaction.
W — weak isospin, 3 komponenty W' W2 W3

_ 1., — ]
B — hypercharge D, =0, — 3'95 7w, — ?g"—YB“
EW QED
[’m! o E’in.i + Emf + E’m!

f

EW Y T 1“
E;ﬂﬂ _?g-}fi-[r;[ ?5'};1 B 731 g
fl‘u — B* cos Gw + W=H sin H'u;

WHH = (W F %) Z" = —B"sinf, + W™ cos0,

1
V2

1, = Y s y
E’mm'i.'fr — Z Lf}“ (fa + Q‘— ' I"v;_; -+ gngju) L+ Z R'TF' (’2-8# T+ gHEBF-‘*) R
R

Ii\.'."l

f SY
_39‘3;.;” W 15 j” " Br = (g sin QHJ,jﬁ + ¢’ cos Hu;j;) A*

.‘1-’
— g (g cosd,, ]; — ¢ sin ij‘;) g
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Klasicke vlozenie mass termu do Lagranzianu
spOsobi zrusenie kalibraCnej symetrie

2

m
ﬁﬂ-f - _7‘4!1/4”

Ak ale vSak do SM vlozime komplexny doublet

: L (¢ +idy o
() — ——= : . - .
T /2 \ 93 T 19y ¢’

So symetriou SU(2)r x U(1)y
: 1, e 1
D,=0,— 95T W, —ig §YB;-L

L = [iD"¢]'[iD,0] — 1?6'd — A[6'¢)’

LHC-ATLAS @ Astro 2012

=

o

e

@

c

@
This costs too much
energy! | think I'll

® @ hang out down there.

“vacuum expectation value”

=
©
©

C@@ h@©

| — L —

+

"The Four Higgses of the Slandar Model" biblical pun inlended



Vig)

b2

=% ©©
7T e
S

n

—— —

Circle of minima
radius v

UvazZujme p? <0 a A >0 a vyberme si stav
vakua ¢ =¢ =®,=0 a ®,=v, potom

2
R I
A a V2 \v+ h(z)

I L gWi+gB. gWL—iW?)\ (0

8 \gWE+iWw?E) —gWi+gB,) \v
l : : T y .T‘- y l : _T: ! i _r,'_- i
g'vzgz (W2 + (W2)*| + g'vz(g’Bﬂ. — gW,)(g'B" — gW™)

q ,HO@ Y A

2

2
]' r T— ]- ¢ ,: i
- (2?"9 ) W, W+ g?--’z (9B, — gW}))?

LHC-ATLAS @ Astro 2012



Lows =Y (Us(iv" O —mys) s — eQpUsy" U A, )+
f

g i pqioyxr4  7E o i oygr—y, Y9 = 13 a2 3
+E ;(ELT bW, +bry"arLW, )-I-HZ‘I’I’}’ (L5 —25,Qs—I5vs)VsZu+

f

1 o 2 1
—710u Ay — B, Ay — ie(W, Wi —Wwiw,)|? - E\aﬁwj — 9, W4
—ie(W:A,,, — WA + ig’cw(W:Zy —WrZ, "+

1 . - -/
—Zlﬁﬂzy _ auZp[. + EgICW(W# Wl:'l- - W:WL" )|£+

| Q'MJ 3 JM‘E + , 9 + 2
——M — Mw W —nW
2 ??T!r SM SQMH"T; +‘ + 2” H | +
1 . 1 : my =
+§|aﬁ""f +iMzZy, + %"?Zﬁ‘ﬂ - gM VW

f

LHC-ATLAS @ Astro 2012



BR(H)

T — e e w—— —

.h"-_—_——--—_--—_—_

I BRNE EIE

s |
200
My [GeV]

LHC-ATLAS @ Astro 2012



—_
o

= - rrererere T T L DL L L L T T T TT T TT T TT T T T T TT T T T T T T T T T T T
& | ATLAS Preliminary 2011Data | B [ ATLAS Brelminary | 2011 Data -
R —— Obs .[ 1 i © Ob
L . AR - | — Obs. o
§ [ —EBp Ldt=4.6-4.91 1 5 Exp .[ Ldt=4.6-4.9fb" =
‘E 1o s = C 7
c L s = - - EHo | ]
3 40 s \s=7TeV E : Cios \s =7 TeV -
(.g 1E = d B -
3\) C ] ﬁ\‘;
o B ] » 1 —
10" = - }
- ICLS Limlits | ‘ | o] CLs Limits
] L1 I T T N T I B L1 Ao d oo aad oo aada g g gl g g g daa gl o g gty a g la g alaag
100 200 300 400 500 600 10 110 115 120 125 130 135 140 145 150
m, [GeV] my, [GeV]
K. Riesselman, hep-ph/9711456
% E Exp. Obs. Elxp. Obs. E aﬂa I l | I l | | | | ‘ l Tp ‘ I | =
S S T A b s - -
s [V o, v e .
= ’ 3 ) —, 600 my = 175 GeV  —
E 1 0 - ILdt ~ 4.6-4.9 fb ,ys=7 TeV — b’ :
&\: - ] = 400 Triviality —
o = _
1 — Forbidden zone ]
E E 200 — Allowed zone —
B 7] \ Stability . Forbidden zone _|
10" ATLAS 2011 Preliminary CLslimits oL Lol T
100 200 300 400 500 600 102 108 109 1012 1015 1polB
my, [GeV] A [GeV]

LHC-ATLAS @ Astro 2012



Charmonium is a bound state of a charmed quark and
antiquark. It is “almost nonrelativistic": B ~ 0.4
Hence the hydrogen atom-like spectrum

Mass
(MeV)
3700 v S

s, T

----- g I (N
y \ A h, R l
3500 Py Xy P,
3300

3 _,-"',,, —— EI radiative transition

3|DU—T] - F:S_ M1 radiative transition
— 1 Hadronic transition

2900— o
Y 0,177 ]

mo [MeV] | T [MeV] | JFC =0T— 1 0,1,2F+ 1t
2979.6 17.3 ne(11S0)
3096.91 0.091 J/W(135y)
3415.19 10.1 xc0(13Pg)
3510.59 0.91 xe1(13P1)
3526.21 <1.1 he(11Py)
3556.26 211 xe2(13P2)
3654 ~ 17 N (21 So)
3686.09 0.281 v/(235))
~ 3740 D D-threshold ————
3770.0 23.6 W(3770)(33S))
4040 52 W(4040)(4%Sy)
4160 78 W(4160)(535;)
4415 43 W(4415)(635;)

'y o 2-body electromagnetic decay

Jly="S$

Means:

Spin=1 (3=2x1+1, (25+1))

Orbital Ang. Mom. =0 (SPDF,.)
Total J/¢ angular momentum = 1 (j=s+I)
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JPC: 1——

Means:

Total J/y Spin=1

Parity is Odd
Charge Conjugation is Odd




— ATLAS

50_
1 Run: 169045
] P Event: 1914004
i Calorimeter Date:  2010-11-12
30- b Towers Time: 04:11:44 CET

I[Ty 1P, [GeV]

s

Collisions of heavy ions at ultrarelativistic energies are expected to produce an evanescent hot,
dense state, with temperatures exceeding 2 x10"* K, in which the relevant degrees of freedom are not
hadrons but quarks and gluons. In this medium, high-energy quarks and gluons are expected to
transfer energy to the medium by multiple interactions with the ambient plasma. There is a rich
theoretical literature on in-medium QCD energy loss extending back to Bjorken, who proposed to look
for “jet quenching” in proton-proton collisions.

The LHC heavy ion program was foreseen to provide an opportunity to study jet quenching at much
higher jet energies than achieved at the Relativistic Heavy lon Collider.
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“This could be the discovery of the century. Deperzdmg
Figure 5: Comparison of the diphoton invariant mass distributions between 2010 (line), 2011 (dashed of course, on how far down ii goes.
line), and all data (points).

Author(s) Fang, Y (-) ; Flores Castillo, L R (-) ; Wang, H (-) ; Wu, S L (University of Wisconsin-Madison)

Gang of Four at frial, 1981

Yao enyuc:n Jiang Qing thmg Chungiao Wang Hongwen

£
IR RN
Gang of four was the name given to a political faction composed of four Chinese Communist Party officials. They came
to prominence during the Cultural Revolution (1966—76) and were subsequently charged with a series of treasonous
crimes. The name was given to the group by Mao Zedong in what seemed like a warning to Jiang Qing during which Mao
stated, "Do not try to begin a gang of four to accumulate power".
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Black holes

- striking signatures: multiple high pT objects

- background further reduced searching in like-sign
di-muon decays

Strategy:

- high pT track multiplicity discriminates signal and
background effectively

- counting experiment in a pre-defined signal region
- muon+fake background from data using per-track
fake rate

- other backgrounds (tt, bb) from MC

Gravitons
e -
q Y 9 Y

Graviton excitations expected in the di-photon
spectrum in R-S warped extra dimension models
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MSUGRA/CMSSM: tanf} = 3, A = 0, u>0
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Figure 1: Total transverse energy Sr, for events with the multiplicitiesofa) N =2, and b) N = 3
objects in the final state. Data are depicted as solid circles with error bars; the shaded band is
the background prediction obtained from data (solid line) with its uncertainty. Non-multijet
backgrounds are shown as colored histograms. Also shown is the predicted black hole signal

for three different parameter sets.
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At some point somebody will understand
what is the logic.



New rough draft 10 year plan

2012

2013

2014

J|F‘M‘A|M|J‘J|A|S‘O|N|D

LHC
Machine: Splice Consolidation & E
Collimationin IR3 2
@
2
ALICE - detector completion -%
£
IATLAS - Consolidation and new forward -
i =
lbeam pipes =
ICMS - FWD muons upgrade +
IConsolidation & infrastrastructure
LHCb - consolidations |
?Cryo-collimation point |
Injectors
SPS upgrade ? SPS - LINAC4 connection & ? PSB energy upgrade
2016 2017 2018 2019 2020 2021
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LHC
§ Machine: Collimation & prepare for
= crab cavities & RF cryo system @ @
2 z g
= ATLAS: new pixel detect. - detect. = o
. L ] [
E for ultimate luminosity. E E
1+ o
E ALICE - Inner vertex system £ £
B @
CMS - New Pixel. New HCAL £ £
Photodetectors. Completion of =< =<
FWD muons upgrade
LHCb - full trigger upgrade, new
vertex detector etc.
Injectors
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©

LHC status — Moriond 2011

14.03.2011

Associated LHC parameters

L: Ndkbf F_NdkbfyF

dro .o, Azf e

Parameter 2010 Nominal Limited by

Energy 3.5 TeV 7 TeV Hardware

N (p/bunch) 1.1x10" 1.15x10"

k., (no. bunches) 368 2808 Machine protection
(348 coll/IP)

& (um rad) 2.5-5 3.75

B* (M) 3.5 (3.5) 0.55 (10) Aperture, tolerances

Stored energy (MJ) 28 360

L (cm?sT) 2x10%2 10%

d Squeezing at the IP (%) is limited by aperture and tolerances.
o Beams are larger at 3.5 TeV ~ 1/y.
o g,= o, =~45-60 um - nominal value is 15 um at 7 TeV. 13
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LHC DIPOLE : STANDARD CROSS-SECTION 3
P
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b I e AUXILIARY BUS-BARS | \ //
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1232 Dipole magnets

Length about 15 m

Magnetic Field 8.3 T

Two beam-tubes with an opening of 56 mm
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Forward spectrometer

VELO:

Primary and segondary
vertex reconstruction’

proper-time
resolution
30-50 fs

Vertex
Locator

<y

Interaction....
point

—5m

2<n<9d

Tracking stations Muon system

5p/p ~ 0.35— 0.55%

M4
M3

SPD/PS |~ ALW

ECAL

T3 RICH2 M1

...........

NY

Calorimeters:
PID: e, y, n°

RICH detectors:
PID: K, n
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