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ATLAS v ramci Large Hadron Collider (LHC)

Overall view of the LHC exeriments.
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ATLAS — fyzika v dopredné oblasti

fyzika v dopfedné oblasti byla plivodné orientovana na

* méFeni luminosity pomoci  Fimskych hrnc G (Roman Pots — RP) & la TOTEM*
e monitoring luminosity pomoci detektoru ¢erenkovského typu LUCID**
* detekci neutron 0 (ZDC)

nicméné procesy

o tvrdé & m ékké difrakce
e dvojité pomeronové vym ény

je mozno, pfi splnéni urcitych podminek, studovat pomoci kombinované informace
z centralniho detektoru & detektort v RP (ALFA) nebo ,Hamburg movable beam pipe
(AFP)

* TOTal Elastic and diffractive cross section Measurement
** LUminosity Cherenkov Integrating Detector
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ATLAS - dopredné detektory (schvalene)
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luminosita & jeji mereni



luminosita

luminosita (Wikipedia)

“the number of particles per unit area per unit time times the opacity of the
target, usually expressed in either the cgs units cm2 s or b1 s-1,

The integrated luminosity is the integral of the luminosity with respect to
time. The luminosity is an important value to characterize the performance

of an accelerator.”

iy do _ 1 d°N
dt_LG do L dodt

L — luminosita, N — pocet interakci, o — totalni uc€inny prufez

pot Feba stanoveni luminosity
integrovana luminosita - G¢inny prufezmmp presnost — co nejvyssi

aktualni luminosita (bunch by bunch) =) korekce pile-up, beam-tuning
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vyznam presného stanoveni luminosity — priklady
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Vliv  relativni p Fesnosti luminosity na Systematicka chyba dominovana stanovenim
pfesnost m éfeni ¢ ,xBR pro ruzné kanaly, luminosity

jako funkce m,, pro [Ldt = 300 fb-l. Je to MSSM model, tanB=v,/v,, v, , vakuove stf. hodnoty
dominujici nepfesnost: 10% (prazdné symboly),

5% (plné symboly). [ATLAS TDR 15, p. 780]

[ATLAS TDR 15, p. 732]
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mereni luminosity

= pouzitim teoreticky velmi dobfe znameho procesu (o) s vysokou Cetnosti R,
R = dN/dt, napf. inklusivni W/Z proces
_ [ oN ]

ocekavana pFESﬂOSt ~ 5-10%, typicky signal Priept >25 GeV, [Nyt [< 2.5, Eqiss >25 GeV, izolovany lepton

= pouzitim Gdaju s urychlovace _
f E NiN

- i . fkpNy
L=F = F e

kde f (=11kHz) je beam-revolution frequency, F(=0.9) je nenulovy ,crossing angle” faktor,
N, , je poCet protont ve srazejicich se paketech, £(=0.0034) je ,beam-beam tune-shift parameter*,
k, je pocet paketu, y is Lorentzav faktor pro svazek, r, je klasicky polomér protonu

ocekavana p‘fesnOSt 10%, muze byt Iepél' [ISR (Intersection Storage Ring) dosahl 1%]

Helmut Bukhardt - Absolute Luminosity from Machine Parameters, Indico 10.04.2008
H. Burkhardt and P. Grafstrom, “Absolute luminosity from machine parameters”, LHC-Project-
Report-1019 (2007).

p p iin& ovlivnéno interakci svazki
[ATLAS TDR 14, p. 438]

= elasticky rozptyl pro malé thly
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meéreni Iuminosity elasticky rozptyl na malych Ghlech

= pouzitim elastického rozptylu a kompletni ¢etnosti R

dGel 2 2 2 5 |ReAe||2
= = ReAg|” + |IMA = ImA 1+ ——=—
dt 16 2 | e|| 16 2 (l eI| | ell ) 16 PTG | el ( |ImAe||2
L ReA
oot = sIMAaly — = 1671r32 GtZOtSZ(l |IImAd:
el
_ ReAq 2
mAs o > = g (1)
16r  dRa/dl] o 1 RZ, 5
Pt = i Ry = ox L
= e Reot L 16z dRy/dt]_q (1 - p ) X X

problém s akceptanci pfo vysoké n, bude zapotiebi odhad z MC

L-(1+pamas L - AL _ 28pAp  2pAp ) 2pAp  £=01361+00015 *00058

1+ p? L L 1+ p? -0.0025
ALL 20Ap < 2-0.15-0.02 = 0.6%

= pouzitim elastického rozptylu a totalniho uc¢inného prarezu

e ot >
L = 167 dRyjdt] -T2 )

je nutno mit nezavislé méreni o, (napf. z TOTEMu)
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mereni luminosity — Coulombovska interakéni oblast

dNtot

i lAcoulonb + Ancler lz o

4dra?

i

tZ

apo tot Gtzot
- 272 ep(—HL) + 2 (14 p2) exp(-Bt)) |

doydt imbyGev:)

fotonova vyména, coulombovska

- t I’AboulomblzlA)uclea'l

_gna

— e g

Ttot

BSW - M. Bauer, B. Stech and M. Wirbel, Z. Phys. C34, 103 (1987)

6x10~ % Gev 2
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= akceptanci
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= electromagneticky form faktor
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= saturacni efekty

teorie

méreni, MC
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ke zjednoduSenim

(HUBERT NIEWIADOMSKI — doctoral thesis, TOTEM, 2008)

do/dt (mb/GeV?

Islam

Petrov-Predazzi-Prokudin, 2 pomerons,

Petrov-Predazzi-Prokudin, 3 pomerons

Bourrely-Soffer-Wu

Block-Halzen

o |t| < 6.5 x 1074 GeV2 (at Vs=14TeV): The Coulomb region where elastic scattering is dominated by
photon exchange: do/dt = 1/t2.

* 1072 GeV? < |t| < 0.5 GeV : The nuclear region described in a simplified way by “single-Pomeron
exchange”* with an approximately exponential cross section do/dt = e B! (Figure 3.7, left). This
quasi-exponential domain is important for the extrapolation of the nuclear part dN./dt of the
differential counting-rate to t = 0, needed for the measurement of o,,,. The t-dependence of the
exponential slope B(t) = d/dt In do/dt reveals slight model dependent deviations from the exponential
shape (Figure 3.7, right). This theoretical uncertainty contributes to the systematic error of the total
cross section measurement.

« Between the above two regions, the nuclear and Coulomb scattering interfere, complicating the
extrapolation of the nuclear cross-section to t = 0.

* 0.5 GeV? < |t| < 1 GeV?: A region exhibiting the diffractive structure of the proton (diffractive peak).
« |t| > 1 GeV?2: The domain of central elastic collisions at high |t|, described by perturbative QCD, e.g.
in terms of triple-gluon exchange with a predicted cross-section proportional to [t|8. The model
dependence of the predictions being very pronounced in this region, measurements will be able to

-
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Figure 3.7: Left: Differential cross-section of elastic scattering at 14 TeV as pre-
dicted by various models, focussing on the quasi-exponential domain at low [t].
Right: Exponential slope of the differential cross-section. The deviations from a
constant slope show how the cross-sections differ from a pure exponential shape.
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meéreni luminosity — vybér optiky

potfebujeme se dostat do oblasti |t |= 6 X104 GeV? B nutnost najit specialni
optiku mmp byla zvolena vysoka B optika, tzv. paralel-to-point

y = JBIBip (cosy +a*sny) yip+ /BPip SNy Yjp

A

protoze w ~ /2 a S 0 y | parallel-to-point (fokusujici) optika

y = /BB Yip

ydet

v

\ %
5 Y? 2 (no)*

E

~t= (%) > (pyip)* = PP = PP g = pi s o= [op

pro € ~ 1ym rad a bezpecnostni vzdalenost 150 dostavame B, ~ 2600m
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luminosita & jeji méreni — shrnuti

= existuje fada zpusobu jak luminositu méfit
= pouzitim znameého procesu
= pouzitim udaju z urychlovace
= pouzitim elastického rozptylu

vyzvou je pouziti coulombovské oblasti a zaroven technicka realizace
detektoru, soucasné se specialni urychlovaci optikou

musime splnit nasledujici
= umistit detektory ~1.5 mm od os LHC svazku
= provozovat detektory v sekundarnim vakuu uvnitf Rimskych hrncu

= dosahnout rozliSeni detektort sx = sy pod 100 um (cil je 30 um)
= mit detektor ,bez hranice” [edgeless] (< 100 um)
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LUCID



LUCID

Hlavnim poslanim LUCIDu je detekce neelastickych pp rozptylu za ucelem
mérfeni integrovaneé a aktualni luminosity pro experiment ATLAS spoleCné s
monitorovanim parametrd svazkd.

LUCID muze byt pouzit pro difrakéni fyziku jako rapidity-gap veto nebo pro
oznaceni difrakéniho signalu.

Pokud bude uroven luminosity ~1032 cm2 s-1 nebo mensSi, detektor bude
zjiStovat pocet bunch crossings, pfi kteréch dojde k interakci.

Pro projektovanou luminositu bude vétSina bunch crossings produkovat vice
nezli 1 interakci.

Zakladnim principem cinnosti detektoru je pfedpoklad, ze pocCet interakci v
bunch crossing je umérny poctu ¢astic LUCIDem detekovanych. Toto plati i v
pripadé, ze vétSina Castic pochazi ze sekundarnich interakci.

LUCID tak nemérfi absolutni luminositu, ale relativni a musi byt kalibrovan.
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LUCID (LUminosity Cerenkov Integrating Detector)

Muon Detectors Liquid Argon Calorimeter

Tile Calorimeter
\

Polyethylene + Li $€lvices To
46 tons hidut 9]
Pb or steel

ATLAS
Forward
Toroid

Beamling

Cast iron
575 tons

4
Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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LUCID : ATLAS LUminosity using
Cerenkov Integrating Detector

* lumi monitoring: <N> of Tube length 1.5 m
H ~ 20
inelastic pp interactions Cerenkov light angle =3 -
« rapidity gap triggering P
Gas filled Cerenkov light PP Cerenkov tube
tubes around the beam - '
pipe at ~17 m from IP.
_ Readout:
Proposed: 40 x 5 tubes. 1) “Winston cone” + fiber bundle
2) directly coupled PMTs
5.5<|nl<6.0
Lumi With “hit Counting” methOd E ; ; P.= .l..l.l;;l;, Fuli de.tc.ciio.r.[.c.(.)incil.lcn.ce.n.u-)(.i.e-).
- E — ,.=c = :ac:u;l:t::_ p——
the number of particles is estimated with S D |
the number of detector hits B flememape |1
_ v particles/BX/ _ N hits/BX / £ F
Hpy=7 N \ ./ Ndetected \
VU particles | pp/ € pp \Y hitslpp /
o dingle side mode: at least | hit in a module = E '
10 10 1 10
e Coincidence mode: at least one hit in both modules R = O e ® LBX
Anatoli Astvatsatourov La Thuile, 14-21 March 2009 1l
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LUCID — princip kalibrace

E L

= LUCID bude kalibrovan T T
= v prvni fazi pomoci Gdaji o luminosité z LHC 8 b

= na zakladé dobfe znamych procesu fi i

= pomoci ALFA detektoru %40:_

W
o
LA I

= klicovym pro kalibraci pomoci ALFA je linearni
chovani LUCIDu pfi pfechodu od nizke luminosity
na vysokou

20

10

= kalibraci bude nutno provést pfi kazdé modifikaci ST,
LUC|DU 0 5 10 15 zmuw":s:l-B

T

L = 1034 cm2s!

L = 1027 cm=2s!
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LUCID shrnuti

2008: ukonceni konstrukce detektoru a ziskani prvnich dat

<]

IRE RR R RA R RN R AR AN RAAR R AR RN ARRRLARRRRARRRRANRRRAN]
000 20000 40000 60000 BO00O 100000 120000 140000 160000

LUCID With BEAM 1

LUCID je funkénim detektorem v pokrocilé fazi kolaudace

stale vSak dochazi (béhem prestavky) k vyhodnocovani, konsolidaci a
opravam
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ALFA
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instituce spolupracujici na ALFA detektoru v rdmci exp erimentu ATLAS
CERN European Laboratory for Particle Physics (CERN)

Czech Republic

Institute of Particle & Nuclear Physics, Faculty of Mathematics and Physics, Charles University, Prague
Institute of Physics, Academy of Science of the Czech Republic, Prague

Palacky University, Olomouc

France
Laboratoire de I'Accélérateur Linéaire, Univ. Paris-Sud, CNRS/IN2P3, Orsay, France

Germany

Justus-Liebig University Giessen, Giessen

DESY, Hamburg und Zeuthen

Institute fur Physics, Humboldt Universitat Berlin, Berlin

Great Britain
Department of Physics and Astronomy, University of Mancherster, Manchester

Poland
University of Cracow

Portugal
Laboratorio de Fisica Experimental e Instrumentacao em, Particulas, Lisbon, Portugal

Spain
Instituto de Fisica Corpuscular IFIC, Univ. de Valencia

Sweden
Department of Experimental High Energy Physics, University of Lund, Lund

United States of America
Department of Physics and Astronomy, Stony Brook University, Stony Brook
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ALFA — rimské hrnce (RP)

vysunuta (parkovaci) posice

pracovni posice

10.09.2009, SK-CZ hadron collider physics, Prague, 2009

mechanika pro fimské hrnce — Vakuum Praha
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ALFA — detektor v RP

RINEEDRIEDR IR DRI
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Concept
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ALFA — prvni kompletni detektor

10.09.2009, SK-CZ hadron collider physics, Prague, 2009 Tomas Sykora, ALFA detektor - méfeni luminostity & difrakce

27



Y

Prototype-2

A ""F
i ‘.“"—.-r, |
&=

fv—— «ﬁuﬁu
. -= *'ﬂ@‘




Ganaration

Simutation

Digitizafion

G4 Digits

Reconstruction

Create AQD

simulace

¥ _] ForwardDetectors
v I ALFEA
b ALFA_Digitization
= ] ALFA EventCnv
] ALFA_EventathenaPool
B _] ALFA EventTPCnov
b _] ALFA_RawDataByteStreamCnv
b ] ALFA_G4_SD
b _] ALFA_ GeoModel
b ] ALFA_ RawEv
b ] ALFA_RecBEv
= _] ALFA Reconstruction
P _J ALFA GloRec
P _JALFA LocRec
b ALFA_SimEv
B _J ForwardldCnw
Bk _) FPTracker
b _J LUCID
b ) ZDC



simulace transportu protonu

= S. Cavallier, M. Heller (LAL-Orsay), H. Stenzel, D. Pelikan (Giessen), T. S.

= nastroj — MAD-X, FP track, ... (Peter Sherwood, AFP)

Studie provedené Cavalier&Heller-em (C&H) ukazaly nemoznost méfeni elastického
rozptylu pro kolizni nebo vstfikovaci optiku pfi 450 GeV. Nastaveni optiky neumoznuje
pozorovani udalosti s dostatecné velkym t.

Helmut Burkhardt a Simon White (AB skupina CERN) vyvinuli 90m 3* optiku pro
experiment TOTEM. C&H provedli odpovidajici srovnani pro IP1 a optimalizovali optiku
pro experiment ALFA. Ta poskytuje fazi = 90°ve vertikalni rovin & (parallel-to-point
focusing optics). Pouziti 90m 3* optics puvodné navrzené pro TOTEM se zda mozné a
umozni méfeni parametru B a celkového ucinného prifezu s dostateénou presnosti.
Probih& studium systematickych chyb.

Nastaveni odpovida 7 TeV svazku, ale bude preSkalovano pro 5 TeV (Ci nize).
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elasticky rozptyl



meéreni luminosity — simulace

10.09.2009, SK-CZ hadron collider physics, Prague, 2009
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meéreni luminosity — optika
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luminosita — presnost

Systematic uncertainties

Linear fit Logarithmic fit

10.09.2009, SK-CZ hadron collider physics, Prague, 2009
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elasticky proces vs. difrakce

elasticky proces

RP RP RP RP
2 Wittt e N
[ | e [}
\ ol e e— 1 A
RP RP RP RP

i E o : :
L I S S - s ———g
LUCID LUCID

240m 140m 17m 17/m 140m  240m

ATLAS
|| | LUCIDJ LUCID | || |
7 . . [

udalost SD m Gze byt zamitnuta diky informaci z vrcholu a diky nerovn obéznosti
proton G. pozadi SD tak m uzZe byt redukovano na zanedbatelnou Urove R, zaroven ale
SD muze byt zajimavym pfedmétem studia a to nezavisle na méreni luminosity
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difrakce — motivace

= mereni — acinny prifez, t & x,--rozdéleni,

= stanoveni parametrd modelu — upfesnéni jejich hodnot

= méreni luminosity (LUCID) — pokud se nepodafi dosahnout coulombické oblasti

— 1 - RtOt
o : Im Ayl _, L =
e
_ 167 ot s L—1+’0 R
- 15 R,

Otot = Og T Ojngg = Og + OND T+ OSD + ODD
e N

pozaduje méfeni
totalniho Cetnosti &
extrapolaci elastickeho
rate kt=0

pro urceni totalni
cetnosti je mozno pouZzit
MBTS

(Minumum Bias Trigger Scintillator)

CSC note on minimum bias:

[Moraes Arthur, Minimum Bias CSC Note Results]

minimum bias events
vzorek MBTS_ 1 1 MBTS_2
Ne difrakCni 99% 100%
dvojita difrakce 54% 82%
jednondsobna difrakce 45% 68%
sum 0.05% 0.05%
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difrakce — MC realizace

elastic
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diffraction
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jednonasobna difrakce v Cislech

[mb] Pythia Phojet
elasticky 34.2 (modified)
345
rozptyl 22.2 (default)
Je_dnonasobna 14.3 11.0
difrakce
dvojita
difrakce 10.2 4.1
minimum bias
. . 54 67.9
non-diffractive
totalni u€inny 101 119

prufez

ucinnost [%] Pythia Phojet
pre-selekce
£<0.2 97.1 94.8
ZDC [E>1 TeV] 53.9 38.7
LUCID [1 track] 45.2 57.3
celkova preselekce 75 74
RP selekce
relativné k pre-selekci
ALFA 60.1 54.2
celkova akceptance 45.0 40.1
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jednonasobna difrakce v obraze
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simulace PYTHIA & MAD-X
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celkova akceptance:
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simulace detektoru a realita



ALFA detektor — ATHENA & vlastnl simulace v G
‘ i :
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Libor Nozka, T. S.
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Triangles = 55821
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ALFA test beam 2008 — vysledky . Heller)
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zaver
= méfeni luminosity je velmi dulezité pro efektivni chod LHC a pro stanoveni
hodnot chyb parametri méfenych v experimentu ATLAS

= fyzika dopfedné oblasti sice neni oficialni prioritou # 1 ATLAS-u, bez ni vSak
ATLAS nebude mit zadnou difrakéni fyziku [a ta je bohata, viz napf. HERA (H1,
Zeus) nebo Tevatron (CDF)]
= realizace AFP projektu je vysoce zadouci
= vymeéna vlaknovych ALFA detektorld za radiacné odolné

= ALFA Ceska Republika
= Praha: Rupert Leitner, Toma$ Sykora, Stefan Valkar, Vit Vorobel
= Olomouc: Petr Hamal, Miroslav Hrabovsky, Libor Nozka (, Antonin Koc¢nar)

je zajem o dalSi spolupracovniky

= uzSi spoluprace ALFA & AFP 220 — sdili stejnou simulaci a mohou, v principu,
pozdeji utvorit celek (ALFA upgrade)
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