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(Self-) Introduction

- CERN TOFilE
- B4 : CERN(-Japan) fellow
» WEFCOXBIEL (FRXRX)
" FhiE@: PH-ADE-CA (JEE-ATLASIEH28- 000" X—75)
- KX
» Ana Henrique
- TileCal \RO>AOUX—53) T))—21) —5—
»  Tancredi Carli
- Jet/EtMiss JIL—23VEF—
- Poofe{tE
- 10.2008-3.2010: TileCal
» TileCal EMXT —ILF+ UL —23 Y
- CsFvUIL—23avIRTh
T FEHEEESIZ TileCalFv U JL—3vn
INT A=V IRXFTX
J 1 X study
- 4.2010-1R7% : Jet/EtMiss performance,
SM QCD physics
» JetDU—_27 (non-collision event, bad cal. region, etc.)
» JetEtMissTIL—D
performance study 85— (D#Efi
» JetF+VUIL—I3Y
T IRT A=V IRXTFTX

~\

CERN ATLAS TEAM (CAT)

Detector )
[ Inner Detector Opearation
Calorimter ) [ Point1 Operation )
: Muon Spectrometer [ATALS Management}

Trigger and DAQ Computing

[ Data Aquisition J [ Computing )

{ Trigger ) [ Data Processing }

e ——————————————

- JetF+ )T L —3 7 systematic uncertainty BE&ED

> Pile-up M Jet ANDFEEED study
» JetDE AMTEIRSHEIE
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Outline

» Introduction
- ATLAS @ LHC
- ATLAS OFFER (B &£ D &T2lF)
. Ca orimetry in ATLAS
BRI OY X—75 : Liquid Argon (LAr)
- /\RO>A0OYU X—5 : Tile Calorimeter (TileCal)
- Jet calibration in ATLAS
- IJ1Twvk(jet)DT?
» YIEOVSHIEX T
“JetDFrUIL—T3aY
>~$XVUF
“In-situ” validation/calibration
» T hkFEvvYUITL—23UICHFD systematic uncertainty
- O DEERE/ MERE
» E(C pile-up. Jet topology/physics dependence, €L T TeV jet ~-
s FEHESERDRE
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LHC

- Large Hadron Collider
- CERNICH BTEFRETEAD
CER R IE A e
» AAMANT 1=
ETSYVIDEE
» £fF: 27 km
» RAEZRIRILFT—
- 7+7 TeV (m+F-fF)
» A+2 {EDEER
- ATLAS, CMS
» SNFEERR L ES
- LHC-B
» BOOYIEE
- ALICE
» B VEZEERR
- LHCf, TOTEM
» EBRISEEL. EWEEEIE
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. HC status

- 2010/2011 DEZ YV
" \/s:35+3.5=7TeV
» peak luminosity
2.1x10% / 3.3x10** cm™@ 5™
* integrated luminosity
- 45 / ~4000 pb™

¢« ZNSHER(C 5 |

Parameter 2010 2011
Beam energy 3.5 TeV 3.5TeV
Beam squeeze 3.5m 1.0m
Transverse emittance 2-3 um rad 2.5 um rad
Protons per bunch up to 1.2x10™" 1.6x10"
Bunch separation 150 ns 50 ns
Number of bunches 368 1380
max peak luminosity (cm=s')  2.1x10% 3.3x10%°

Kyoto HEP seminar , 7 Oct 2011

Nominal
7 TeV
0.55m
3.75 pm rad
1.15x10"
25 ns
2808

>1034

Jet calibration in ATLAS@LHC

Total Integrated Luminosity [pb

Total Integrated Luminosity [fb |

60— T T ]
- ATLAS Onllne Luminosity \s=7TeV ]
50__ [] LHC Delivered -
N |:| ATLAS Recorded
40 Total Delivered: 48.1 pb’
~  Total Recorded: 45.0 pb’
30
20
10 2010
0 I
24/03 1 9/05 1 4/07 08/09 03/11
Day in 2010
[T T 1T T 17 1117 17T 17T 7177 I ||||||| I ||||||| _]
—  ATLAS Onllne Luminosity V\s=7TeVv N
5_— - LHC Delivered —:
T[] ATLAS Recorded N
4T Total Delivered: 4.39 ft :
E Total Recorded: 4.13 fb' .
3 -
2 §
1= -
o ul
24/02 21/04 16/06 11/08 06/10
Day in 2011




ATLASSER®R

» A Toroidal LHC ApparatuS
- 100GeV~TeV R T — )L CORRR IFYIE(CKIG U I NFIfR s

- AR —23Y /”
- ~ 3000 \DEAFEE
» 1000 AL E@D .
PhD students
- 174 institutions
- 38 countries

25m \

+ ATLASIE 28
- weight: ~ 7000 ton

) i Tile calorimeters
helght ! 25m ’ \ LAr hadronic gnd-cqp and
- |ength: 45m Pixel detector forward calorimeters

- ~1 08 Channe|s LAr electromagnetic calorimeters
N (90% ( 3: traCker O):E 0)) Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker

Toroid magnets
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DESER from ATLAS

» SUSY O-lepton analysis
- 1fb™" (arXiv:1109.6572)
- g <1TeV (FHER (DMAE)
» $lH\< topology &3 F =&t

(simplified model) ~

H_L

- Higgs to WW
- 2fb™ DERF plot
» K approved

.---._ (internal)

MSUGRA/CMSSM: tanB = 10, A_= 0, 1>0

500 |-

/ v [
T

400

' --—-4‘_.
1 | g(1000)
' A = !
. | 300 |-
‘. ! -
‘ ;
“ana”’ [
AN
fd‘o'\
200— 2.

> ATLAS 0 lepton 2011 combined
8 [Ldt=1.04 5", \s=7 TeV —— CL, observed 95% C.L. limit
w600 | T LEP2 % -- CL, median expected limit
E‘\‘ [ ] D0G,3 tan p=3, u<0, 2.1 o Expected limit 1o

I CDF3g, tan p=5, u<0, 2 fo' % Reference point

I Theoretically excluded
e . :

—— 2010 data PCL 95% C.L. limit
\ \ \ \

S R
\‘. g (1200}
\
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http://arxiv.org/abs/1109.6572
http://arxiv.org/abs/1109.6572

Calorimetry in ATLAS



A5 5 —CORMIERR

» pseudo-rapidity
- n=-In(tan(©/2))
» ©: KIEFE
- 0 fRHasFIDN\ S EEDH
» coverage in ATLAS : |n|<~4.9
- E— LERAD OBUMA
- -m< ® < (rad) /AU OO DU U O oS
. RHERLANSIED B 75T - .
- “longitudinal” (& A E DRI LK) f‘

zenith angle(deq)

- WHIRA TSI T O R TERE”
- AR =/(An? + AD?)
» 5L D ERLECITE, ERIIZL
EEEOXET T EFIDGEE Tl
Pz K DSETEDIEDT. EHLULHY
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The ATLAS Calorimeter

- BEEHOOUX=S
Liquid Argon : “LAr”
- $A77 0—F + 7 >Bradiator + LAr (ionization)
- Segment: 0.025 x 0.025 n-®, longitudinal (C3EZ (“cell”) Tisatrel Hieamsriemcei oy
" Resolution: oE/E = 10%/VE & 0.7%
- /\RO>AOYUX—5

- "TileCal”
" #% absorbers LAr hadronic
+ 5 )LBplastic> VF L —75 end-cap (HEC)
- Coverage
’ Long Barrel: ml <1.0 LAr electromagnetic
» Extended Barrel: end-cap (EMEC)
0.8<|nl < 1.7

n-® Segment: 0.1 x 0.1, longitudinal (C3E%
" Resolution: og/E (jet) = ~50%/VED3%
goal :Jet energy scale uncertainly: 1-2%

° %@ﬁﬂ LAr electromagnetic
-~ Hadron Endcap Calorimeter Bane P ———
» “HEC”, |n|<3.2

Forward Calorimeter
» “FCAL”", 3.1<|n[<4.9
v LN ERAME LAr
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- FERCRECDC L

« BIXIVF-—TO/\ROVEZRE=/8—t + /83—~ ER
- 2270t
» g9 RIG(—&ZF))

9 9 9

g g q g q
% W [ , €tc.
g g g g g q 9 q

Qg RIn g
— ¢BO00000
Y et LHC CEECBIFEAEDNDERIT QCD THESNS,
BHESISNEEIRILFE—IR—KkY
g \QUO000% q (Da—=D, JIb—=F) MRz kICED,

> qo RIG

q q q q

, etc
q q q q
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T TR > TWB I &
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Hard interaction
described by matrix element




Resonant decay



Initial state radiation
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Final state radiation; parton shower



Multiple interaction
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Initial and final state radiation
for each interaction



Beam remnants



Color connection



Hadronization
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many hadrons unstable and decay
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Underlying Event & Multiple Interactions




(A=) T v &R D H

+ E53A. D515 —THATEHS

- e /Y Tracking Electromagnetic Hadronic Muon detector
» EM calo, track B/ _
M Photons
» tracker, chamber 2
- W(B&oEHLLY) Fostone
Mu
a(u,d,s,c (b)), g-qq s
» FHEbjet(CED Charged _
hadrons
v JxvhkEHIS et
hadrons
. WIERERNT/BIE S
- Jet B (di-jet, multi-jet)
— W/Z—>qE|(”, W—’|V, yaN| Innermost layer » Outermost layer
- t bW
- Hobb, vy, 11, WW, 27
- 974q9q—"qgx

- BEYRR(CEEEMNA LS v R TL B,
- FOIEBIITOIEED/NNYOITST Y RICIED,

v DFIFO—BRVIORIG (2->2)h 5.
ReTDIEX THRASBIThETT S 2 CTORET.
J 1Y DE, preEECAIZHRISIFEICEE,
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DFENDI 1w k& alH

- AOUX—=S53I 1w (calo/reco jet)

5 4
1. 8IXRILF—/IS—kY f
DA . A AOUX =5 TORIG:

2. /\RO>1EL. , &~ B\ ROV Y P D—
3. BHEICKDELZFE(L l CaloJets
(y, ™, K, p, n, etc.) L. ?
4. 7O0IYAXA=FERIGLT 3
v D—={ED ], Observable \\\ /\/ //
5. ZNU0EMNCEODCE Stable Particles GenJets VR EI :@gatg
:]:]j_)\bﬁz_% (ﬁ)ﬁﬁ*.[%’”ﬁ

» particle jet / track jet

e e 4
J1 v EHRATZED T'::IZ'V \J\ 0
. iclo i N
(MC trulth) Eartlclejet (& Modeling _ ~__ W&~ Lt
calibration(C {85 7 e S Bartons
» track jet (& neutral particle 7k L l’ "I\ ?
| .

JR— |

c 2ETE, MAEN->TUSH EEEICEXZTLESOT,
ETELLS EXZENEE, L
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Jet reconstruction

- JxwvwkEHD., &&

- IRIF DS —ER Cluster mo 16 0
» EM/Hadron shower CC&/c calorlmeter cell z—HEHICT D RT3 0] 0}
» threshold (3 pedestal M “o * DEEFUZNEHE $ T it
- noise ZMIX SBNEE 4 11042110
- typical 7Xo0{E : 40MeV 0/0]0
» “"4-2-0 method” S 2
- E>4o0 D cell & seed (CLTT Cluster
DAY D E>20 D cell, -

SSICEDREDDET cell energy ZIMX D
= 3D (R, n, ®) Topological Cluster (TopoCluster)
v electric noise (CHRL)
- CD TopoD S5 R —%=&
jet reconstruction algorithm A\@ input £ 9%
» & SIS-cone, ATLAS-cone, kt
» default: “Anti-kt” 77JLJY X L, w/ R=0.4/0.6
- 2008F< S5V CERFE
- Infrared-safe, collinear safe

« TRENERL
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min(k;: ,k; JARZ/R® |
k>

ti

\

Aij
D

p=+1:Kt

A = (i — )" + (¢ — b))

p=-1:AntiKt

1. N-OFETETD input ([CDULT djj, dis &
2. RINDEDERES

2-b. €U diB BA&g/IVES. i ([dTT Y~
3.1-2 =i DiRY

2-a. £L dij ’ARIVES. ikjEL2DIFB

=TE

¢ orn
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Jet reco. algorithms (DELER

» Anti-Kt (&5 |

Cam/Aachen, R=1 |
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Jet DFvvUTIL—>ay

- JTwvw kIBATEN. FOMEARRI TV ERDIRILF—(EEDEODTULD?
- EAMIC, A0OJX=5THBNDIE “EM scale” energy:
» LA E— LT X =TO electron Z{&E >z calibration D\ base

» Tile: 1°/Cs Z{E D TZIHBE > X7 LT calibration 1\ base %= I o
- 21w kD reconstruction E5 M E C B EM energy T TDMNTUL\D 1-(1-h/e)(E/E,)
0.80<m < 0.85
* ”ZK%GDH:J“I W kEERSDE? 1GeV 1
- Truthjet: /\ROYULANILDIBEEHEFEDT E,= {2.6 GeV p
Anti-kt 7LV XLTI T v ~EBEERLUIZED
" Recojet: DO X—=—9MWSHELIZTI TV~
- N\ROVIEe/yEKDEERETIRILF—HUNSU) (e/h~1.3)
» invisible energy (JRF&ZMDENFS, slow neutron, etc.) 180 oremme00 T T T ek nos
- Dead material (C&D T RILF—IBK 160 0, <85 e
140F true Mean: 0.680 = 0.2%
. DT, BEREINEITYROIRILE—ITHLT. oF e o
#HIE factor 2T BDIRENLH D 80F-
- MCZ{E> 7. Truth jet Z{E5 60F
"~ E(reco)/E(true): &3 E, n M bin Tplot 93 &. :g: M +||h
ADXIDERICTE DD TERNIC C DARICIED "HE " & S 10;1*“'-* SN VO |
true energy (CER I TcOHDFELE factor & ULTED - o E rco/E g

» “Numerical Inversion” & IE S
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Jet DF+ VI L—23 Y (i)

Fmal energy callbratlon curve

I 1 LI =
0.9E °1<ﬂ <-0.0 Anti k_ R=0.6 (topo cluster )_
EM scale 3

- 5[ & E, nbin T inversion factor (XL T,
log(E) M polynominal C fit 93
- COIER%E parameter & U T database (C3FD
» (D constants %&
“Jet Energy Scale” ET7z(d “JES" &L\ D

Jet Energy Response (1/JES)
o
N
(O)

0.6
» EM scale [C JES EMFITRSNIZIRILF—Z B o
IIEM_I_JESII tl.\_ /S\ 0_5: J ;[i]*log(x)i_;
“110 — 1””11(1)2 — 1(1)3 —
SEHYIBEETH DI T vV D pr (EADEER) e SO

TopoCluster %& massless & B#L T, 4-vector &L
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JES uncertainty

c ENEITEEICY TV REFYY L —3 >y TTETCTULBDH
- "TFRE(C” & T "BEE <" (resolution) EL\DS C & TIELL,

»D E, prbinT. FIMEZE £ DREFELVSSDH\. DIEE,
» JES uncertainty 0 source
- £EBMCICHEE D TDcalibration£ M T
jet energy response (3 ¥EE5 )L
(S—kvrit. /\RO L. Vv D—5%m)CHD
» ~3%
- Dear material ) MC TOEERRHNEHE D> CTLVEH
» 2-3%
- J A1 XDKET T & threshold DEFHR
» 1-2%

A 1 _1 r T T T T LI | T T T T L
5 - AntiK, R=0.6, JES Calibration, 0.3<in|<0.8 .
5 1.08— e Additional Dead Material —
5 C o Shifted Beam Spot ]
EQ_'— 1.06—- 4 10% Higher Topo-cluster Thresholds ]
.‘c‘a\._ "7 A 10% Lower Topo-cluster Thresholds n
e r n

v 1.04 - —

- o —h ]

1.02 :— o L —:

— -, - .

! C kA _O_fA——Qf—é:M —0——=% -

- A ‘A ' 7A77‘*_._ ::: +_._‘.‘ .

0.981 _$_—¢—_._—0—_._ P S =

0.96— " ]

- ATLAS Preliminary Monte Carlo QCD jets
0.94 : : """'2 '2' 3
20 30 40 10 2x10 _ 10

P [GeV]
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truth
p>

jet
ey

<p

" ATLAS Preliminary
B 1 1 1 1 1 1 I

T T T T T T 1T I T ]
Anti-k, =0.6, EM+JES, 0.3<|n|<0.8 7

e Pythia QCD jets (nominal)
o Alpgen + Herwig + Jimmy
4 Perugia2010 Tune

2x10? 10°  2x1

03

PP [GeV]

/p-tlruth>
|+I¥III|III|III|III

jet

<pT

4:—0—_._ o n ]

- ATLAS Preliminary
B 1 1 1 1 1 1 I

T T T T T T T I T ]
Anti-k, R=0.6, EM+JES, 0.3<|n|<0.8 7

e Pythia QCD jets (nominal)
o0 Additional Dead Material

4 Additional Dead Material (ID only) -

00—t —0-g 0 o0

2x10? 10°  2x10°
P [GeV]
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JES uncertainty (&)

_'2, 012 ] T T T L B B B
:t £ _ Anti-k, R=0.6, EM+JES, 0.3<|n | < 0.8, Data 2010 + Monte Carlo QCD jets i
° W !
201 O data t O)’%n% % 0.1— 4 ALPGEN +Herwig + Jimmy v  Noise Thresholds ]
- (o) _ Q X JES calibrati -l PYTHIA Perugia2010 ]|
4 /0 @ pT_ 3()(56\/1 O' 3< | r] | <O'8 § L o Singlcc:aap;a:tailc:llct)ang:lr;rci:n?:tlgg = Additional dead material
_ forward -C“(g: ~1 O% = O-OSE Total JES uncertainty ]
£ - i
- AD&IC pile- 2 0.06]- . .
no\C p| e up > B ATLAS Preliminary ]
— —_ sl ' W\ —_— = PaN n .
(ERF CEEDcollisionHiiE C DI5E) e -
—_ © - M‘E‘;
DAENMEIEA D TULVLLY S o024 b I 5 oooo =
. I B . = ¥ i
» ~1% in 2010 N - B RN IR RN RN,
—_ — . N 2 2 3 3
» BEO\EB(CTE D TLS in 2011 CX[E)) wew e " o iGon
T

> 0.031 ] T ] > 0.25 ]
-% E Anti-k, R=0.6, EM+JES, NPV =2 E % B Anti-k, R=0.6, EM+JES, 3.6< |n | < 4.5, Data 2010 + Monte Carlo QCD jets ]
§ 0.025 —, e 0.3<n <0.8 ] -'q:.) A ALPGEN + Herwig + Jimmy v Noise Thresholds ]
S - 1 Q 0.2 | x  JES calibration non-closure PYTHIA Perugia2010 |
% 0.02 ‘:D_ O 21<n|<2.8 ] 3 - O  Single particle (calorimeter) = Additional dead material
& - A 3.6< <45 - = 0 152 O Intercalibration [__] Total JES uncertainty |
§ 0.015- - 5 7L .
£ i - 2 F© ATLAS Preliminary -
L 0.01=e_ L ATLAS Preliminary & 0.1 ]
B —Ah— ] S L @) _
L —— _| _ - .
- +—o—i:6:_u_ - -g B ° i
ol Lo TS o W e o o o] § B A ~ |
30 40 102 2x102 10° I 210° TR S SRR TR R S 1 t % %

py [GeV] 30 40 50 6070 107 2x107

P’ [GeV]
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“In-situ” JES validation

- MC [CEEDYID TS, ECTHEEX BIHDNSIELD T,
T—HS%&#E D]z jet calibration MAEERZE L C. JES DAREMZ M L 7z L)
- di-jet inter-calibration
» barrel & forward ZEEART. N TO—RLEZERET D

- multi—jetmethod P — S
» high-pr JITwvhkE low- pt recoll jet system xRS f " 12_; "\I'/Irlejllctzlkjfét ATLAS Preliminary |
- —&EEV\pr FTULITS 5 108y 7t chcibaace -
- gamma-jet balance method L + .
» robust 7k EM scale O energy SAIE & LEER T D i e PN N
- track-jet/calo-jet g:g::_n_% :t*:tf i T -
» track 1Z(7°C jet ZHHAT. ENELEER .04 _
- neutral particle JVELDT resolution (F3&5 B7 Y Il AR Mot
- response BIRZRE< DO D TLS ” o [GoV

¢ pile-up MKRKZFL\&EL track-jet DAHMG?
/-)et balance
» ZDmassHAZTLIDT. low Pt jet Mvalidation MTE D
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FXED

- IJTwhkEE

S LI

F—/NS—kETETD/\ER

- TV kOFEvI)TITL—3Y
- AOY X—S5® EM-scale TOHL XKV R

VDR

D CL\BH

ZELCMCT

- IRIVF—D SR —DiEE
- 1TV ~OEEE
» Z{TIE DT MCTCK®Iz “JES” Z TS
v )T —avRENKsSLA
- "JES uncertainty”
» BENDYNREET )P, iEHEDOYIEZE
KRR 7
- “In-situ” validation
» T — % (H DT JESEIREE
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SR

/NE
- ARH(E. &f(d single particle measurement
(E/p analysis ) Z{#F>T. JES uncertainty %Z i L TUL\SH\
PP LLLOTERLUZ,

- In-situ measurements MIFIK in 2011

- I3, &) pile-up rate TD JES DKM A,
pile-up TR LT energy MFELE.
FN&EZRE U2 JES uncertainty MFHHIC DU T
study DVETTH,

» AL RS NISHSEL XTI,
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