LHC a detektor ATLAS
stav a nova fyzika

S ﬁh'iA
L o A
5 < L’J’
)

fan

Michal Marcisovsky, FzU AV CR, v.v.i. & FJFI CVUT

LHC-ATLAS @ Astro'11



= _"#h'

- Ao T
E e -
.'
YT . J . = X =
* ' - & P P
E w A q. n :

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

-

4 F-.- I l‘ Mt | ™3 - . ¢
ks r - Wi
L] : = |

20 Member States: Austria, Belgium, Bulgaria, the
# Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, ltaly, Netherlands,
== Norway, Poland, Portugal, Slovakia, Spain, Sweden,
i Switzerland and the United Kingdom.
N CandidatelioACCESSIBN e VERESHIIP) 6

CERN: Romania
8 Obsernvers to, Council: India, Israel, Japan, the
Russian Federation, the United States of America,

i 7 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. + ICSNO(!?-_gE
+

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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High energy physics today

Large Hadron Collider

 Length of 27 km.

» Has 4 large detectors.

» Unprecedented energy scales.

* |t 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.
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LHC

The Large Hadron Collider (LHC) is built in a circular
tunnel 27 km in circumference. The tunnel is buried around
50 to 175 m. underground. It straddles the Swiss and
French borders on the outskirts of Geneva.

It is designed to collide two counter circulating beams of
bunches of protons or heavy ions. Proton-proton collisions
are foreseen at an energy of 7 TeV per beam with a start-
up in midele-2008.

LHC has a total stored beam energy:
10" protons of 14 - 10 eV ~ 10° J
...or, if you like one 100 T truck

at 100 km/h

LHC-ATLAS @ Astro11



RADIOFREQUENCY CAVITY

BENDING MAGNET

FOCUSING MAGNET

VACUUM CHAMBER

< COLLISIONS

LHC-ATLAS @ Astro'11



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) A

No. of particles per bunch  1.15x10% —

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
SR TS
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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'il



Zrazky u LHC.

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

. in about 23 proton-proton collisions.
by surrOUNd'ng detector. The mean number of particles born

. . in all these collisions is about 1500.
Some par"rlcles 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 (4w 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 101x7x10%2 eV = 7x1023 eV = 44 kJ.

This is a macroscopic energylll

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'11
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ATLAS beam splash

== 3D taill =<<
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Collider

Higgs production in e’e” collisions:

e q
>ZO <
ANAN
IRVAY
e _
q
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Center of Mass Energy (GeV)
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A Toroidal LHC ApparatuS

ATLAS

22 m

25m

Tile calorimeters

. LAr hadronic end-cap and
forward calorimeters
Pixel detector \

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transifion radiation fracker
Semiconductor fracker

44 m

LHC-ATLAS @ Astro'nl



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'11



Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Solenoid magnet
[ Transition
Radiation
Tracking Tracker

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

SATLAS
ZL EXPERIMENT
http://atlas.ch




Barrel Toroid

Muon Detectors Electromagnetic Calorimeters

Inner Detector

Forward Calorimeters

Hadronic Calorimeters

. | nety
o

74

End Cap Toroid

Shielding

. Barrel SCT
: “1 Pixel Detectors
TRT

Forward SCT
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Beam Energy
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o~ (30Km)

CD stack with
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LHC

Js=14TeV L=10*cm?2s™

Trigger motivation

rate

barn bunch crossing rate: 40 MHz
o — m—) |Gtz total mt_era_ctlon rate:~ 1 GKIATB
total interaction rate event size: ~1.5
- affordable: ~ 300 MB/s
: b " storage rate: ~ 200 Hz
— online rejection: 99.9995%
e.g.: Higgs =» ZZ - 2e+2
kHz
storage rate
e Hz
SUSY qq+qg+gg
tanp=2, p=mz=mg/2 I
tanp=2, g-m~—m- I
pb qq_)‘qusM " I
| “sww hos z. O |muz |
AF g I
m -
5|
fb m 8 E .
. zsu—>3Y scalar LQ\ '5 \sz
50 500 5000
jet E.,. or particle mass (GeV) E

T

powerful trigger needed
Enormous rate reduction
Retaining the rare events in the very tough LHC environment
Sharing in between physics and technical triggers

LHC-ATLAS @ Astro'11

23 min. bias events:
~ 1725 particles/BC
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@ © OP Vistars - Mozilla Firefox
File Edit View History Bookmarks Too

e f0 @ http://op-webtools.web.cern.chfop-webtools/Vistar/vistars.php?usr=LHC1

Is Help

v M~

*JGoogle =Diskuzaky~ 4/ wWWiki &=*N|X~ =NUCLEAR~ =IDOS~ =CERN~ =HEP~ &=LHC+ SATLAS~ =DO0~v EVirus Comix~ wAthenaDevGuide =Around the world~
# Slashdot Stories ... @ |w Wide-field Infrar... @ E Facebook | Home @ [EELOG Detector @ [¢1OP Vistars o +
LHC1 e OP Vistars
Fill: 918.0 E: 450 GeV 14-12-2009 22:59:56
BCT TI2: [geNeloEdelol BCT TIS: [ReNelel-EHele I1{(B1): 1.6%9e+11 1(B2): 1.85e+11
TED TI2 position: BEAM TED TI8 position:
TDI P2 gaps/mm upstream: 9.45 downstream:
TDI P8 gaps/mm upstream: 8.50 downstream:
Comments 14-12-2009 22:59:14 : SMP Flags
16x16 injected Channel Link Status A-B B-A
Collapsing separation bumps Global Beam Permit
Setup Beam true
Beam Presence
Moveable Devices Allowed In
Stable Beams
LHC Operation in CCC : 77600, 70480 P Status B [JAILARZsMNPM Status B2
Done
Li = @ OP Vistars - Mozilla Firefox MBS : bash | rybinin i@Buddy List Inbox for Michal, Marcisowvsl g
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Total Integrated Luminosity [pb'

60— |

ATLAS Online Luminosity

[ ]LHC Delivered All
[ ]LHC Delivered Stable
[[] ATLAS Ready Recorded

Vs=7TeV

el

e e e N = -
- ATLAS Online Luminosity s =7 Tev . g 400
50 [ LHC Delivered - > 350
~ [[_] ATLAS Recorded - § 300
40— Total Delivered: 48.1 pb’ E § 250 5_
[ Total Recorded: 45.0 pb’ ] = -
N _ & C
30 Top cand. = g 200 E_
- ] < C
20— Z cand. _: c;:u 1222
: e
10 E 3
| 7] 28/02

08/09 03/11
Day in 2010

2010 was a great year

e Calibrating ATLAS at 7 TeV

e “Rediscovering” the SM.

e The first W, Z, top candidates observed one year ago

e Lots of data in uncharted territory, 35-40 pb™ for analyses

31/03

02/05
Day in 2011



Leptons Bosons

P

electron

Anti-
proton

LS

Neutron o Lambda
©. .
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LHC-ATLAS @ Astro'11



Original
discovery

_I_’\’,\’_'_I

2006 Dec L

% s 01 am as ar
"Rediscovery"”
in CMS (dates
approximate)

1974 1977

2009 2010

FJ/I") A CMs Pratemisary, 3 « 7 Tov
: I

Events / | 0.02 Gavie™ )

ber of events/ 2 GeV

n ianant mass [GaVic]

§ CME Prefiminary, \8 =7 T
L =21’
1w TO MV

‘1
IV

eV

“":‘h-h“
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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 Sirokeho
vyzarovanim. spektra energii.

ALEPH

clectrons
positrons
protons
antiprotons
Pbions

LHC-ATLAS @ Astro'11



x fi(x)

14 -

0.8

0.6

0.4

0.2

WMRSTZ0086 (NNLQ)
&'=10,000 GeV*

1
Tx — Z f dmudmbf(xm f'!a'”m Qz)f(mha f‘fa”hs Qz) * Tabo X [mm Lhs QZ)
a,b 0

[ LO calculation
PDF=CTEQ5L
Q2=M2

o(nb)

10

T I]]IIIII

* 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

LHC-ATLAS @ Astro'11



Decay {

Hadronization

Parton
Shower

Minimum Bias
Collisions

Hard
SubProcess

Parton .
Distributions

f(x,Q?) f(x,Q?)

I !
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Simulation of LHC collision

Hadronization,
hadron decay

Hard interaction

Parton
showers

Interactions

> ‘ Underlying
: - event / multiple
.- @ e ..
L] . L ]
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1= ATLAS Preliminary

p1’mIJ'
[ Data2010,\s= 7 TeV | m
10 | | | L1 1 || | | | | L4 11 | | | L1 11 | 0
My, [GeV] p,,MH
S"‘ZOOOZI T T | T T T T | T T T T | T T T T | T T T T | T T T |:
3 18001~ _g- Data | Ldr =39 pb™ ATLAS Preliminary m =E2—p2
i 1600 — Eﬁ tOfdataf . = 0 5 5
T . it to dat ] _
S 1400F Pyihia MC (direct Jiy) = o=(E\+E,) —(p,+p,)
t 1200 — Fitto MC+data bkg. 3 . 2
£ 1000E- 1, =3080+2 MeV E —(\/p1+mu+\/p2+m I (1;1+p2) o
g =3083 + 1 MeV e
800/ 6¥C =132+ 2 Mev E mo=(pi+ pr+2mi+24 pi+m; ¢p2+m )—(pi+p3+2p, p,)
600:— Snie =134+ 1 MeV _:
a0l <247 E my=(2m, +2\/p1+m \/Pz+m ) —(2p, p,)cos(a)
- (1.37<n|<1.52 excluded) -
200 E
0 15 2 25 3 35 4
my[GeV]
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Charmonium is a bound state of a charmed quark and

antiquark. It is “almost nonrelativistic": B ~ 0.4: mo [MeV] | T [MeV] | J€ = 0" 1=~ 0,1,2%F 17—
Hence the hydrogen atom-like spectrum 3209929561 015'931 7e(1°%0) J/U(135))
Mass 3415.19 10.1 XC0(12P0)
(MeV) 3510.59 0.91 Xe1(13Py)
i 3526.21 <11 he(11P1)
3700— | VoS 3556.26 | 2.11 x2(13P2)
N, 's, 3654 ~ 17 Nt (21 So)
=== h, K 3686.09 0.281 W(235;)
35001— \ e 24 L ~ 3740 DD-threshold ——
- 'P, / Ly ‘pj 3770.0 23.6 Y(3770)(3%S;)
ﬂ' 4040 52 W(4040)(435;)
a 4160 78 W(4160)(5351)
3300 4415 43 W(4415)(635;)
| . _m — El radiative transition L
3100 . . W@_ ----- = MI radiative transition 3 JPC — 1
! — Hadronic transition J w: S —
s —  2-body electromagnetic decay 1 Means:
20 pC Means: Total J/y Spin = 1
R VA I~ 0,1,77 I Spin=1(3=2x1+1, (25+1))

Parity is Odd

Orbital Ang. Mom. =0 (SPDF,.) Charge Conjugation is Odd

Total J/y angular momentum = 1 (j=s+l)

LHC-ATLAS @ Astro'11
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Run: 169045
Event: 1914004
Date: 2010-11-12
Time: 04:11:44 CET

e ATLAS

1P, [GeV]

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.

LHC-ATLAS @ Astro'11
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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

® r

Yao nyuc:n Jiang Qing thmg Chungiao Wang Hongwen

R RN

coll. SRL

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".

LHC-ATLAS @ Astro'11



cx Br(h — v vy)/SM
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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

Vs =7TeV

MSUGRA/CMSSM: tanp = 3, A = 0, u>
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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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- ATLAS
= 2-lepton analysis (OS and SS)
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We have significant hints for SUSY.

We have significant hints against SUSY.
At some point somebody will understand
what is the logic.



New rough draft 10 year plan

2012

2013

2014

D J‘F|M|A|M‘J|J|A‘S|O|N‘D 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
J‘F|M|A‘M|J|J ‘A|S|0‘N| J‘F‘M|A|M‘J|J|A‘S|O|N‘D J|F|M‘A|M|J‘J|A|S‘O|N|D J‘F|M|A‘M|J|J ‘A|S|O‘N‘ J|F‘M|A|M‘J|J|A‘S‘O|N|D J|F|M‘A|M|J‘J|A|S‘O‘N|D
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

LHC-ATLAS @ Astro'11




©

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

LHC-ATLAS @ Astro'11




16-Dec-2009 21:28:38 Fill #: 924 Energy: 0.000 TeY I(B1): 4.95e+07
ATLAS ALICE CMS

Experiment Status DRUNK STANDBY HIGH

Inst Lumi/CollRate Parameter 0.000e+00 0.000e+00 0.000e+00
BRAN Count Rate 3.774e-01 7.040e-02 9.962e-01
BKGD 1 0.000 0.004 4,052

BKGD 2 4072,500 0.000 0.002

BKGD 3 0.000 0.011 0.003

LHCf No data LHCb VELO Position TOTEM:

Performance over the last 12 Hrs

I(B2): 4.99e+07
LHCb

STANDBY

9.733e+01

3.636e-01
0.038
0.050
0.007

STANDBY

— I{B1} — (B} Energy
3.5E10 = 1.4
3E10 1.2
& 2.5E10 1
E 2E10+ 0.8
E 1.5E10 0.6
1E10+ 0.4
SE9 l""1_1 0.2
N T |ﬂ_ T T T 0
17:00 18:00 19:00 20:00 21:00
Background 1 Background 2
ATLAS — AUCE — CMS LHCD ATLAS — ALUCE — CMS LHCD
100 = 10000 ¥
10 3 1000 3
- 3 ~ 1l]l]1E
o 173 o 10 =
(%] E [ &) 3
< 0.173 £ 1y
E 0.1
U-UIW 0.013
u-uul T T T T T T u-uul T T 1 1 T T
21:00 21:05 21:10 21:15 21:20 21:25 21:00 21:05 21:10 21:15 21:20 21:25

LHC-ATLAS @ Rstro'i1




LHC DIPOLE : STANDARD CROSS-SECTION
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Forward spectrometer 2L N< D0

Tracking stations Muon system

VELO: 5p/p ~ 0.35— 0.55%
Primary and segondary
vertex reconstruction’
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