Detektor ATLAS na urychlova ¢i LHC

Rupert Leitner, U CJF MFF UK
semina f UTF MFF UK, 8.12.2009

-Parametry urychlova €e LHC

-Detektor ATLAS

-Priklady zkoumani fyzikalnich proces U pomoci ATLAS
-Sou€asny stav LHC



Urychlova ¢ LHC Large Hadron Collider
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%V LHC tvofi urychlené protony celkem 2808 ,bunches” protonu
urychlenych na energii 7 TeV a vzdalenych od sebe 7.5 m, v
mistech srazky jsou umistény detektory

Misto srazky

N

" / \

\7.5m~25ns

7 TeV = 7460 ndsobek klidové energie protonu



% Obvod urychlova ¢e LHC, energie proton u a
magnetickeé pole
V2

m—=elVv[B
R
mly=elB[R
Pro udrZeni na kruhové draze p=elB[R
plati nasledujici vztah mezi olc
hybnosti p, polomérem drahy R = _=c[BI[R
a velikosti magnetického pole B. e

pc/GeV] = 03B[T] IR M|

o[ TeV] = 0.3(B[T] R km]



Protony jsou na kruhové draze udrzovany pomoci
1232 dipbélovych magnet

o Kazdy dipol ma délku 15 m, tj. celkem tvo  Fi kruh o obvodu 1232 x 15 =
18,5 km a polom éru 2.9 km.

. Kazdy dipél ohyba drahu  &astice 0 6.28/1232 = 5.1 mili radianu

« Je nutné magneticke pole 8 T podle vztahu: 0,3x8 (T) x2.9(km)=7 TeV




Fokusace svazk u pomoci kvadrupolovych
magnet U

Vertically focusing

Magnetic
Field




@ Fokusace svazk U v mist é interakce

o Z pfiéného rozm éru 1x1 mm na 17x17 mikrometru
!

-0_0050




Table 2.1: LHC beam parameters relevant for the peak luminosity

Injection

Collision

Beam Data

Proton energy [GeV] 450

Relativistic gamma 479.6

Number of particles per bunch

Number of bunches

Longitudinal emittance (47) [eVs] 1.0 2.5%

Transverse normalized emittance [pim rad] 3.5° 3.75

Circulating beam current [A] (0.582

Stored energy per beam MU 233
Peak Luminosity Related Data

RMS bunch length® cm 1124 € 7.55 2

RMS beam size at the IP1 and IP5° [tm 375.2 € 167 D

RMS beam size at the [P2 and [P8° (tm 279.6 70.9

Geometric luminosity reduction factor F/ : ;

Peak luminosity in [P1 and [P5 ‘cm “sec | -

Peak luminosity per bunch crossing in IP1 and IP5 | [em %sec™ ] - )



@ Pocet inerakcizals

i
L 10**cm™@s™

max

o,, =100mbarn =100010*"cm’
(g, =10°/ S

Lmax

Pomoci triggeru se vybere ,pouhych” 100 interakci za 1 s, tj. jen
jedna z 10 milionu.

| tak se za 1 rok zaznamena 1 miliarda interakci, kazda z nich je
popsana priblizné 2 MB udaju, celkem tedy asi 2 PetaByty informace.



Detektor ATLAS Celkova vaha ~ 7000 t

Vnitrni Detektor

, Hadronovy Tile kalorimeter muonovy spektrometer
Solenoid ¥

22 m

ﬁ@ { -,, Elektromagneticky kalorimeter Vinuti toroidu

44 m



Detektory slouzi pro méreni energie, hybnosti a identifikaci
castic,

Om im m 3m

Key:

Muon
Electron

Hadron (e.g. Pion)
""" Photon

}]!]]] o

Hadron Superconducting
Calorimeter Solenoid

Iran return yoke interspersed
with Muon chambers

Transverse slice
through CM3S




kalorimetry

o

Rozmery ATLAS jsou ur ceny detektorem
mion u a




@ Méreni hybnosti mion U

. 1 L2 | 2
sagita= R-./R*-(L/2)° OR-R(1-" =
J J (L72) ( 24R2) S8R

03BR=pc= R:IOC
03B

sagita = 03p 1 R
38 pC

pc =1TeV
L =5m
BL =8Tm

S= 03 8TmL25m ! =750um
8 1000GeV

Chceme-li méfit hybnost mionu s presnosti 10%, pak musime byt
schopni zméfit sagitu s presnosti 75 mikronda.



HLEDANI| HIGGSOVA BOSONU



f e Higgsuv boson je hmotna
castice se spinem 0, dosud
neobjevena

mf
(0[] 0) = 256GeV

V nejjednodussi verzi
existuje jeden H s nulovym
nabojem a spinem O

e Amplituda rozpadu H je
+ umeérna hmoté castic na
W 70 néZ se mize Higgshv
boson rozpadnout

2me « Higgs uv boson se

— rozpada na nejt ézsi
(0|P[0) =256GeV  istice na n &7 se muze
rozpadnout




* Higgsuv boson se rozpada predevsim na nejtézsSi ¢astice na néz se
muze rozpadnout

Branching Ratio

700



Sitka Higgsova bosonu zavisi na jeho hmoté
Pod prahem rozpadu na WW je mensi nez GeV
Nad prahem WW prudce roste a pro MH=1000 GeV je 500 GeV!

1
S = | | | I I L) Rl -
Ta i - _
-I'_"- 1l — ——
o : ]
g 1ot T =
E C =
- E 5
E w1 L -
2 i =
B~ = 5
LETT m =
ll:'_.! B '] '] '] '] I '] '] '] II L L L II L_L IIIIIIIIIIIIIIIIIIIIIIIIIIT
LoD = £ HH a1 H] e 10oED

my (G



@ Byl v experimentech na LEP v zav éru roku 2000 pozorovan
ﬁ Higgs uv boson ?
ete- = HZ=»(QqQ
b3 Db

Projev existence Higgsova
bosonu je zvySena produkce b-
jetu

Pfriznak b-jetu je existence tzv.
sekundarnich vrchol v jetu,
jejichz pavod je v rozpadech

relativné dlouhozijicich B
mezonu




Rozd éleni invariantni hmoty paru b-jetjett v experimentu ALEPH
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Publikace:

ALEPH Coll., Observation of an Excess in the Search for the Standard
Model Higgs Boson at ALEPH, CERN-EP/2000-138

L3 Coll., Higgs Candidates in e+e- Interactions at sqrt(s)=206.6 GeV, CERN-
EP/2000-140, Phys. Lett. B, 495 (2000) 18.

Experimenty DELPHI a OPAL tento efekt nepozorovaly.

Higgs nebyl pozorovan a jeho hmota jev  étSi nez 114 GeV



M, [GeV] =T (m,M,)

M M
My = 80.3827 — 0.05791n ( - ) —0.0081In? ( H )

100 GeV 100 GeV
) (s)
40.543 (( e ) _ 1) 0517 (&&hﬂd(Mz) _ 1) _0.085 (QS(MZ) _ 1)

175 GeV 0.0280 0.118



% Hledani Higgsova Bosonu - soucasny stav
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NH_,ﬁna| State(M |-|) — LXU(M H)>< BR(M H)H—>final state
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SM Higgs production
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Figure 1:

SM Higgs production cross sec-

tions for pp collisicns at 1.96 TeV [26]. Color
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NH_,ﬁna| State(M |-|) — LXU(M H)>< BR(M H)H—>final state
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Figure 2: SM Higgs production cross sec-
tions for pp collisions at 14 TeV [25]. Color
version at end of boolk.
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GATLAS

EXPERIMENT

hﬁp:;/u:las.th




% Uré€eni spinu Lehkého Higgsova bosonu
Pi- Tau+ y
Velka energie Pi+
/ . ¢ a mala energie Pi-
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Determination of
Higgs spin using

Branching Ratio

H->ZZ->LL LL
channel

M, <2M,,

H - bb

H o711 2Mt <M H

H - W'W~,Z2°2° tt




% Mereni spinu lenkeho Higgsova bosonu
T +V « 7T «HST17 - T +v

p+k « g <P -qg - p+k
M =







? HLEDANI TEZKYCH CASTIC S
DLOUHOU DOBOU ZIVOTA



? | SUSY castice

Particle Symbol  Spin Superparticle Symbol  Spin
Quark q 1/2 Squark ‘i‘ 0
Electron e 1/2 Selecron e 0
Muon L 1/2 Smuon L]. 0
Tauon T 1/2 Stauon T 0
W W 1 Wino W 1/2

Z pd 1 Zino Z 1/2
Photon 1 Photino v 1/2
Gluon g 1 Gluino g 1/2
Higgs H 0 Higgsino H 1/2




%xistence tzv. Supersymetrickych (SUSY) partnerd ,,obyc¢ejnych
castic” je jednou z moznosti jak vysvétlit temnou hmotu.
LSP = Lightest Suspersymmetric Particle

Ve vétsiné SUSY teorii je LSP neutralino, sneutrino or gravitino

Existuji ale teorie, kde je LSP sgluino

Pak by mohly existovat stabilni tzv. R-hadrony
Mezony = kvark antikvark a sgluino

Baryony = 3 kvarky a sgluino

Pokud je LSP gravitino, tak NLSP (Next to LSP) muze mit
dostate¢né dlouhou dobu zivota (vétSi nez prulet detektorem)

Oba tyto p Fipady Ize odhalit m érenim doby letu ¢astice
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ATLAS vidi kosmické zareni

= Prompt ofﬂme pr'ocessmg @ Tler'

For cosmic data

Reconstruction in good
shape for different
magnet and detector
configurations

Solenoid only field

needs final validation

Conditions are
continuously updated

Atlantis Event Display
Co=mic run 90272

Full magnetic field

All systems in
(except €SC)







Prvni projevy svazku v detektoru ATLAS 10.9.2008
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first beam event seen in ATLAS




O Projection e

LegoPlol Profection

i Prajectlan

% el

'I. (o

| ST A LB e T T
X (m 10 - 10 ] X
pZ Projection

[ L Bah o AT T T S

|
e — - — ||
|

A

Tt

Pl SR P S 5 4

100

http://atlas.ch

event from
2nd beam

seen in ATLAS



%mcident In LHC sector 3-4

Geneva, 20 September 2008. During commissioning (without
beam) of the final LHC sector (sector 3-4) at high current for
operation at 5 TeV, an incident occurred at mid-day on Friday 19
September resulting in a large helium leak into the tunnel.
Preliminary investigations indicate that the most likely cause of
the problem was a faulty electrical connection between two
magnets, which probably melted at high current leading to
mechanical failure. CERN ’s strict safety regulations ensured that
at no time was there any risk to people.

A full investigation is underway, but it is already clear that the
sector will have to be warmed up for repairs to take place. This
Implies a minimum of two months down time for LHC operation.
For the same fault, not uncommon in a normally conducting
machine, the repair time would be a matter of days.

Further details will be made available as soon as they are known.






The LHC repairs in detail
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The LHC is back

Geneva, 20 November 2009. Particle beams are once again
circulating in the world’s most powerful particle accelerator,
CERN ’'s Large Hadron Collider (LHC). This news comes after
the machine was handed over for operation on Wednesday
morning. A clockwise circulating beam was established at ten
o'clock this evening. This is an important milestone on the road
towards first physics at the LHC, expected in 2010.



% The LHC is back. Geneva, 20 November 2009.




@ Friday November 20
ﬁ18 30 Beam 1

— 19.00 beam through CMS (23, 34, 45)

 beaml through to IP6 19.55 Starting again injection of Beaml
» corrected beamto IP6, 7,8, 1

— 20.40 Beam 1 makes 2 turns 2h10 for 27km: 12.5km/h

« Working on tune measurement, orbit aver‘age speed
 Beam makes several hundred turns (not capturea)
— Integers 64 59, fractional around .3 (Qv trimmed up  .1)

— 20.50 Beam 1 on beam dump at point 6
21.50 Beam 1 captured

22 15 Beam?2

— 23.10 Start threading Beam?2

e Roundto76521

— 23.40 First Turn Beam?2 1h25 for 27km: a bit

« Working on tune measurement, orbit, dump and RF TS

 Beam makes several hundred turns (not captured)
— Integers 64 59, fractional around .3 (Qv trimmed up  .05)

— 24.10 Beam 2 captured

From R. Heuer's lecture given at CERN on 3" December 2009



Beam 1 First 2 turns
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From R. Heuer's lecture given at CERN on 34 December 2009
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1A EXPERIMENT

2009-11-21, 00:17 CEST
Run 140370, Event 2780
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Two circulating beams bring first collisions in the LHC

Geneva, 23 November 2009. Today the LHC circulated two
beams simultaneously for the first time, allowing the
operators to test the synchronization of the beams and giving
the experiments their first chance to look for proton-proton
collisions. With just one bunch of particles circulating in each
direction, the beams can be made to cross in up to two
places In the ring. From early in the afternoon, the beams
were made to cross at points 1 and 5, home to the ATLAS
and CMS detectors, both of which were on the look out for
collisions. Later, beams crossed at points 2 and 8, ALICE and
LHCDb.



@ATLAS
1A EXPERIMENT

2009-11-23, 14:22 CET
Run 140541, Event 171897

Candidate
Collision Event

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html




Candidate
Collision Event

gl

é; &PL'!T l\é I\§
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2009-11-23, 14:22 CET
Run 140541, Event 171897

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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Monday, 2379 afternoon

- Recorded collision events in ATLAS and CMS

* From 16:00

- Two beams in LHC at buckets 1 and 8911

- Quiet beams for ALICE

- Then 2 beams in LHC at buckets 1 and 26701
- Quiet beams for LHCb

- Recorded collision events in ALICE and LHCDb

Monday, 30t at 0:42

- Both beams at 1.18 TeV



=
15

- Events have nice vertices (extrapolating OT tracks)

23.11. 2009 17:59:29
Run 62558 Event 278




?- n° have been reconstructed in the calorimeter

piu Mass Entries 2 1518
60— 5 Errier
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From R. Heuer's lecture given at CERN on 3" December 2009
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Towards collisions

* Monday 23 November afternoon was fantastic

— First some “quiet” beam while beams were
colliding in Atlas and CMS, then when colliding in
Alice

— The_RICH got its first rlngqur}g fo hea%ﬂ&?&{‘iﬁém
particles

..f—\

u&&%‘%&% S eo00ee
e s
uumumuwn DO OO
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»
S S

From R. Heuer's lecture glven aT CERN on 3rd December' 2009



An event from the Evening Fill
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From R. Heuer's lecture given at CERN on 3" December 2009
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Entries 581
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Mean -2.006 = 0.404
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All tracks with > 6 hits
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Entries 28
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From R. Heuer's lecture given at CERN on 3" December 2009



CMS 2009 Preliminary
Uncorrected Distribution

Evenmg dijrst Di-photon Distribution in CMS
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* M(pi?) is lower in both data and MC
« Mostly due to the readout threshold (100 MeV/Crysta
» Conversions: part of the energy is deposited upstre

e Event timing is consistent

From R. Heuer's lecture given at CERN on 3" December 2009
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Candidate
Collision Event

n!
w!

o Mg

7E (GeV)

CATLAS
EXPERIMENT

2009-11-23, 14:22 CET
Run 140541, Event 171897

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

From R. Heuer's lecture given at CERN on 3" December 2009




Without solenoid field no separation of tracks by momenta

« Fit impact parameter in a “silver-plated” sample with SCT >= 20 V and number of
SCT hits >= 6 (46 events)

Scatter plot of hits on tracks (barrel, 46 events)
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ALICE - A high multiplicity event...
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1 Vertex distributions (offline)
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Pseudorapidity distribution
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20@9—12—06, 10:03 CET
Run 141749, Event 405315

Collision Event

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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EXPERIMENT

2009-12-06, 10:04 CET
Run 141749, Event 406601

Collision Event

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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2009-12-06, 08:38 CET
Run 141749, Event 171059

Collision Event

with Muon Track

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.htm|




Discoveries in Physics

Facilit Original purpose, Discovery with
ity Expert Opinion Precision Instrument
P.S. CERN (1960's) TUN interactions Neutral Currents -> Z, W
Ve, V,

Brookhaven  (1960's) TUN interactions CP wo\l}atmn,
FNAL (1970's) Neutrino physics b, t quarks
SLAC Spear  (1970's) ep, QED Scaling, ¥, 1
PETRA (1980’s) t quark Gluon
Super Kamiokande  (2000) Proton decay Neutrino oscillations

Exploring a new territory with a precision instrument is the key to discovery.

From S.Ting's lecture given at CERN on 4™ December 2009



% averem

* Plany urychlova €e LHC:

do konce roku 2009 — prvni srazky 450x450 GeV, pak zvy Sit
energiiaz na 1.2 Tevx1.2 TeV

e Vroce 2010 srazky p ¥i 3.5 TeV x 3.5 TeV a prvni d ulezité
vysledky(?)

* Experiment Atlas bude hlavnim programem experimenta Ini
fyziky €astic na p Fistich 15 let



