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Introduction
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» pseudo-rapidity
- n=-In(tan(©/2))
» ©: KIEFE
- 0 fRHasFIDN\ S EEDH
» coverage in ATLAS : |n|<~4.9
- E— LERAD OBUMA
- -m<® < 1 (rad) o]
. RHERLANSIED B 75T - .
- “longitudinal” (& A E DRI LK) |

zenith angle(deq)

- WA DS 0 ~ET0O " IEE”
- AR = V(A2 + Ad?)
» E53A AN/AR (CIFEBRMNS D L.
I OHE CIEERDO RS T €TV
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The ATLAS Calorimeter

- BEEHNOUX—5S
- Liquid Argon : “LAr”
~ #7770 —F + A4 > BYradiator + LAr (ionization)
= Segment: 0.025 x 0.025 n-®, longitudinal (C3E% (“cell”) Tile barrel
~ Resolution: oE/E = 10%/VE @ 0.7%

Coverage

» ECETTInl<3.2

- /\RO>AOYU X—5 ,

- TieCal Uy rocronc.

X absorbers
+ 51 JLBplasticy VFL—5
Coverage

» Long Barrel: |n| < 1.0

» Extended Barrel:

0.8<|n| < 1.7

n-® Segment: 0.1 x 0.1, longitudinal (C3Ex%
~ Resolution: oe/E (jet) = ~50%/VED3%
goal :Jet energy scale uncertainly: 1-2%

LAr electromagnetic
end-cap (EMEC)

LAr electromagnetic
barrel

- ZOAtt
- Hadron Endcap Calorimeter
» "HEC”, |n|<3.2
Forward Calorimeter
» “FCAL", 3.1<|n|<4.9
o WVWIFNEEAM(S Copper+LAr
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© BIRIF-CTONFOVER =/I—bY +/3—hVERE
- 2-270tX
» g9 RIG(—&ZF))

9 9 9

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

> RRIG
* e T LHC TEC 53¢ AL OER(F QCD TESNS.
mEThieEIRILFE—IR—+Y
! ,etc. (D=5, Hl—7Y) hileticH3,
qu ZQZTDtZt“ di-jet —r/\‘“J I~7’J‘*'(:"'é§o
ZDfitl. ISR, FSR T® low pT jet.
=X T multi-jet (Z,
> qq KIG
q q q q
, etc
q q q q
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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
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%55/\/ A7 5 —T(HMATEEID
e /Y rg.qpl;f?cntrorneter
» EM calo, track B/
M
» tracker, chamber
- T ‘;.-- ' Neutrir]of'
» decay (kR UTTHIE ‘ ' '
- q(uds,cb), g—qq |
4 _:El:llgjet((_fcfg CHZSICgrol::gter
v Jet EHID

Proton

Neutron / ’." The dashed tracks

(
- YREEENT/BIE —m \ / iy o
- Jet 4 (di-jet, multi-jet) . '
] W/Z_’qq(,) Solenoid magnet

*Electron#’

_ Transition .‘ ."
t —}b Radiation D it <> ATI AC
_ Tracking Tracker NN S
H—’bb’ y Pixel/SCT ':!\‘" ""' "'. r\ n ~TY ruTv

detector

- g—dq—qgx itto/ futles ok

v DED—BRAMDORIG (2-2)H\5.
HethEX TRRR B ZIT S22 TOERE T,
Jet D E, prz IEFEICHIZEIIIERE ICEE,
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fafJet & (A0

- Calorimeter jet

.‘ 4.

1. BT RILFE—/S— VRSN, | :
2. \ROVELTESOKF (D, A NOU X —5 TORIG:

3. HHERIC & DHEZRTEAL , L4 B/ \ROYS PO~
(Y, mt, K, P, N, etc.) L. CaloJets

4. 71O) A= ERIBLT *
v J)—%={ED]z.

5. ZN0ENcTEODCE Observable \\\

/\/ // .
, _ , Stable Particles GendJets /\ I\EI:@HEE?
+ Particle jet / track jet :,:m\bﬁxé (B)RERIFAE

+ 3. ICTOEPET

ets@ARED ko Haronization 1‘
> (MC truth) particle jet (& Tgi:,ry J a9

calibration(cfE> | Modeling ___~___ ! A INS=D2
» track jet (& neutral particle 7& L 7 = > Partons

g pile—up [CREL) l :/ ’ l« f

- FTEE(Z calo jet (CBETALL) e

R—hym%j

/ ZEZE. MAEA-TUSH] EBBICEEITLESOT.
ETELEZSENEE, =
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Jet reconstruction

- Jet&fBE. &(&
- IXRILF—DOSRI—IER
» EM/Hadron shower TC&/Z calorimeter cell Z—#EMH(CT D
» threshold (3 pedestal-o DEEEUZ NEEE
" noise X 3FHEE
- typical 7LoME : 40MeV
-~ Clustering algorithm
» "4-2-0 method”
- E>4o D cell & seed (CL T
ZDED D E>20 D cell,
E5CZDADNDERT cel energy ZIMX 3
- 3D (R, n, @) Topological Cluster (TopoCluster)
v electric noise (CREL)
» _ (D Topo-cluster %
jet reconstruction algorithm A® input £33
- 7. SIS-cone, ATLAS-cone, kt
- default: “Anti-kt” 77)JL3Y X L, w/ R=0.4/0.6
» 2008F< 5 ULMCERA
» Infrared-safe, collinear safe

o e AN =1
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min(k;: ,k; JARZ/R® |
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Aij
D

p=+1:Kt

A = (i — )" + (¢ — b))

p=-1:AntiKt

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

2-b. £ U diB BEBIVES. i (3 jet
3.1-2 ZigDiRT

2-a. £L dij ’ARIVES. ikjEL2DIFB
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Jet reconstruction algorithms (DLLER

- Anti-Kt (FIEREISFED jet Z1ES

| Cam/Aachen, R=1

« Jet £(3. BERVIEREICKL D object ThHh D,
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Jet absolute calibration

- Jet (SHHATZH. ZDHAL jetDIRIVF—(FESEDTULD ?
- EAMIC, A0OJX=5THBNDIE “EM scale” energy:
» LAr: E— LT X =T electron Z{f >z calibration 1\ base 5
» Tile: 13/Cs &= {F > 2B > X5 L CO calibration M\ base %= —
-~ Jet O reconstruction E5 M & C 3 EM energy TITHDMNTUL\S 1-(1-h/e)(E/E,)
0.80<m < 0.85
- "AREUD"Jet LEERDE? 1GeV
- Truthjet: /\ ROV LANILDEREFEDT E,= {2.6 GeV p
Anti-kt 7L XL Tlet=BEBRUIZED
" Recojet: AOVUX—=IMNS5HFEUTZ jet
- N\ROVIEe/yEKDEERETIRILF—HUNSU) (e/h~1.3)
» invisible energy (JRF&ZMDENFS, slow neutron, etc.) 180  oremreoo T T T e ros
- Dead material (C&DIXRILF—IEK 160 F- 80<Ey, <05 s

140 e | )
- E; =823 Mean: 0.680 = 0.2%

120 Fit: 0.674 + 0.3%

+ DT BENINE jetDIRILF—(THL T, 1oob
ﬁIE factor ED\(jéﬂ\gb\{aﬁé aoi—
- MCZ{#E>T. Truth jet Z{E3 60F-
-~ E(reco)/E(true): =& 3 E, n M bin Tplot T3 &, "3

20F

ADXIDERICTE DD TERNIC C DARICIED "HE " & o

o 02 04 06 08 12

true energy (CR 9 f2OHMDMLE factor & L TES Ereco/E
» “Numerical Inversion” & [F3
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Final energy calibration curve
T T T LI II — T T T T T T1TrT

J .t |'b .t' 2 2 12Fs =
et calibration
0sf
- @5(C. & E, nbin TO inversion factor(c X L C. 0'6;_
log(E) M polynomial T fit 9% 04F
- CODfER%E parameter & U T database (CHD 02l
» () constants & BT T
”Jet Energy Scale” 357:-:(3: ”JES” é: (’\5 Final energy calibratioane e (5
» EMscale [C JESZENMFITESNIZIXRILF—%& @ 09F 1%, <00 T anik, A o s
"EM+JES” EIFS  ossp
D\ bottom line S o750
£ O07F
- EBHYPEETH 3 JetD pr (BAFEIEENS) S 3
TopoCluster %z massless & B U T, 4-vector ZHT 5 0550 iy =575
0.5 Zm*log(x)i
-t O &
‘ %0)1-@ 0.45__””10 — I””1I62 — 1(|)3 |
) ”LC”: Local Ca|ibl’ati0n . 0,1;’.9:2.<°qrr§‘iti.1c’.r.'l ——— — Ereco [GEV] at
» Topo-cluster O I/\ROY5LE] EE&RLT ol T
%ﬂ(iﬁﬁ\@?’?’_ factor 73_:73\(75 0.045— _
" origin correction R e o e
» primary vertex DAE%&ED T pr DFHELE 002f =
- eta correction ook S
» truth & reco T eta DEZMLE oop A

Eiue [GeV]
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Jet calibration (3)

» eta-dependence of JES

q) 1 _1 _I I | T T T | T 11 T T T | T T T | T T T | T 11 | T T T | T T T | I I_
2 — Eye =30 1 —
S L £ o Anti kT R=0.4 (topo cluster) I
o —  E,,=110 _
é L{ JES+EM scale —
> B b
GQ; 09— =
< B T 2 _
L B 4]5{#‘1}:&%4}% . %ﬁ%ﬁﬁﬁ PR s 8 ]
0.8—= o 4}%‘1}‘4}% S e '1:} d}'ﬁ}q}: N
iﬂ: 4}4113,‘3’ o N e ” ‘ﬂ’q],f ki
- qp gn —
0.7t c (A, v .
B A A -
B A AAAMAA AMAADEH HDAAMAA AAAMA . _
L N [[H:] WC EED] A —
0.6 - EijmMAD o o O AADdItb 1 i
- o oooooo "o, B §
O 5 _I | | | I | | I I | | | q b | | L1 1 | | | I | |(j)I 19 | I | | L1 1 | | | I_

' -4 -3 -2 -1 0) 1 2 3 4
Tldet
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JES uncertainty (488, {th)

- ENEITIERECJetEF v )T L—23 Y TETLBH

- IERE(CT &

»BE, prbinT. F

- JES uncertainty D source
- £EBMCICFE > TDcalibration™d DT,

jet energy response (& ¥EET )L
(S—bkVmd. N\EOV L 2+ D—5%K)CHKS

» ~3%

>

t

MC truth je

[

=

<pp
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1.06f
1.04f

0.98}

0.96
- ATLAS Preliminary
0.94 ' e

"FBEER <" (resolution) &UL\D C ETIEEL,
DVEZ & SEHEVVSDH\. DiEE,

truth
/P>

jet
<
pT

truth
/] >
pT

N T T T T T T T T I T
- AntiK;, R=0.6, JES Calibration, 0.3<In|<0.8
1.08

1.02F

jet
<p_|_

® Additional Dead Material

O Shifted Beam Spot

A 10% Higher Topo-cluster Thresholds
A 10% Lower Topo-cluster Thresholds

Monte Carlo QCD jets

_ 10°
p; [GeV]

20 30 40 10?2 2x10?

Jet in ATLAS

[

1.1
1.08
1.06
1.04
1.02

0.98
0.96
0.94

1.1
1.08
1.06
1.04
1.02

0.98
0.96
0.94

N T T 7T I T T T T T T T 7T I T
C Anti-k, =0.6, EM+JES, 0.3<|n|<0.8 7
— e Pythia QCD jets (nominal) i
C o Alpgen + Herwig + Jimmy ]
- 4 Perugia2010 Tune B
= -
o A —
: {F{F_‘_ e 7]
N —e—. A n
- ATLAS Preliminary u
C 1 1 1 1 1 11 I 1 1 11 I 1 1
30 40 102 2x10 10°  2x10°
p¥ [GeV]
N T T T I T T T T T T T T I T ]
n Anti-k, R=0.6, EM+JES, 0.3<|n|<0.8 -
__ e Pythia QCD jets (nominal) ]
- o Additional Dead Material B
C 4 Additional Dead Material (ID only) .
—o— =
:_‘_:p_._—O—_.__': i
— —h——— :H::t*gfﬁ-‘-%*:g:
4 o000 0 o {F{kﬁ
- ATLAS Preliminary .
C 1 1 1 1 1| I 1 I a

10°  2x10°
P¥ [GeV]

30 40 102 2x10?
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JES uncertainty GHIE) ¢ .

[ Pythia ATLAS MC10

»

systematic uncertainty

i ]
TR T — LT RILE—EIE oo —
LAr: from [GeV] to [pA]: test beam B —= ]
TileCal: 137Cs > o B
» muon (& EM calibration M performance &= B3 DI fEFES - Siag .
T CNEFTRE ~3% 0.41- .
Z MDD source
Dead material description in MC: 2-3% 0.3~ ATLAS Preliminary —

- A XADOKES & threshold DESHR: 1-2% < N
single particle measurement g 11 -
» E/p BIE > —+
» Combined Test Beam | — eSSSsemee— N
EMscale, /\RO> T+ DJ—, e .

dead material MIRZE —u BRI SFRIITLFERX 0.91- .
» EM scale MFEEICEDS E 10 |
» systematics MFHMICEES p[GeV]

T 3DFEHT2%

3 T T T AR S F T T 5
g 1 03k 0.0<mI<0.3 anti-k,, R=0.6, TopoCluster - g  oal 0.0<m<0.3 anti-k, R=0.6, TopoCluster 1
S 1. - 0B ST T IR =
% & E CTBresponse .
_: 1.02 o B T 2 e —
G,_)‘ "ql - .
g 1.01 = e =
Z % 1.01: ]
g 1 = 1Fo—e——e— ]
£ £ - e £
s © u _+__+'+ + =
G 099 8 099_+H+ 444444444444 ................. ImE
= S C ]
© 0.98 T .98 ]
o ~ o O F -
0.97 i, - A =
- ATLAS Preliminary - 0'97; ATLAS Preliminary .

= L Lo

I I I ! ! oo | - C . . . . o = :\\\\’/f!’
. 20 30 100 200 1000 2000 20 30 100 200 1000 2000
Kyoto-ATLAS meeti jet p_ [GeV] jotp_ Gev] | SUMIDA <22




JES uncertainty (#JHADO & & &)

* Result in 2010 data
- 4% @ pr=30GeV, 0.3<|n[<0.8
- forward Cld ~10%

b 0_1 2 B T T T T T T T | T T T T T T T T | T | b 0_25 B T T T T T T T | T |
.% - Anti-k, R=0.6, EM+JES, 0.3<|n | < 0.8, Data 2010 + Monte Carlo QCD jets =~ .% L Anti-k, R=0.6, EM+JES, 3.6<|n | < 4.5, Data 2010 + Monte Carlo QCD jets
% 0.1 4 ALPGEN + Herwig + Jimmy v Noise Thresholds — *GCJ' . 4 ALPGEN + Herwig + Jimmy v Noise Thresholds i
Q ~ X JES calibration non-closure ~ +  PYTHIAPerugia2010 ] ©  0.2[7 x  JES calibration non-closure ~ +  PYTHIA Perugia2010
= O  Single particle (calorimeter) = Additional dead material - 5 - o  Single particle (calorimeter) =  Additional dead material
= 0.08 T ] Total JES uncertaint ] 2 B ibrati [ i
© = y - = O Intercalibration [ ] Total JES uncertainty |
= - 1 & o.15F —
9 B ] CD — ]
s 0.06 - 1 B — - .
> - ATLAS Preliminary ] > B ATLAS Preliminary -
= 0.04 — 5] L_'JJ B o —
& N . 1 < - .
S 0.02—% 3 o g oHao — o) 0.05_— o 5 —
O - O o i mo = - =
© - X ¢ ¢ | O =
— L "¢ u k S - ﬁ F' —
L B = | § Q | L ~ Y [‘] . ? _
0 L e e > v > 3 3 0 X ! X | E-EE S |*| !
30 40 102 2x10 10°  2x10 30 40 50 6070 102 2x10°
jet jet
P [GeV] P [GeV]
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“In-situ” JES calibrations/validations

« =& "jet& LTD" (single particle TIFEL)
calibration DHEER%E LT, JES OAREMZ - L 7z 0)
- Gamma-jet balance method
» Robust 7 EM scale M energy SEIE & LEER T B
- /-Jet balance
» ZOmassIVAZT LD T, low Pt jet MDvalidation M TE S
- Multi-jet method
» high-pr Jet& low-pr recoil jet system ZLERSD
- —&SU pr TTULTD
(track-jet/calo-jet )
» track 23T jet ZHHA T. ZENELER

- Di-jet inter-calibration
» barrel & forward T® responseZ LEXT,
2% n 1815 C systematics & propagate
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Gamma-Jet balance

 Direct balance
- pr(jet)/pr(y)

» Missing ET production fraction (MPF) method

o Brp
[pr]?

* Result in 2011 data
- 1-2% Cdata & MCIZE>TL\D

- MPF =

) Ryuer =1 + MPF

Y
A Missing ET

particle jet recoil

Ruer

ATLAS Internal

» BIEUVD S correction 0.05

Ns =7 TeV, [ L dt

=471 P

E_ —e— Data 2011
0.85F o PYTHIA y+jet
>_/\’_ E T T T T T ] o1 T 3 :_ o Hoigi.
2 ]82 = e Data2011 [Ldt=47fb" anti-k, jets, R = 0.4 E 0.80 = o O ee
04 o PYTHIA v+ jet EM+JES = 0.75 o et
1'0?5: Maetl < 1.2 :; 0.70 - o all jet algorithms
= = 70 e
882 51 g — O O O 0 :*:_: 0.65 E_ == EM scale
8‘_23;55 -~ * * :E 0.605 — Mgetl < 12
0.9 : — . —
0.88 Direct = = H
086, . . . . = 1.04E
1.03E
. O 1.02 e
= 101 ¢
@ 1.00E oo
© 0.99E T T e _re
[ R L —— O—0—| o 0 o -0 t"® 1k
0.97E
0.96E- o . =
30 40 100 200 300
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/-Jet balance

i Jet 1l

9(2

w/ 2nd jet veto

» pr(jet)/pr(reference Z—ee)
- much less background than y-jet
- probes low-pr jets

» Result in 2011 data
- data/mc agreement within 3%

< [
-~ — = | - .
% 105 ATLAS Preliminary g 104 ATLAS Preliminary
o - ~2102F
o 11— 9 ~
9 o 2 =
Q- p95[ R T L e
~ 0.96 [ s -
0.9 g 0.96
- 5 C ]
- . g
0851 1 5 09 (s =7TeV, J Ldt=47fb"
0.8 Is=7TeV, J Ldt=4.71 2 o092 anti-k, R=0.4, EM+JES
8 5 -
- anti-k, R=0.4, EM+JES S ~e- Data 2011
0.75 | Data 2011 ~ - Total uncertainty
—5— Z(— e'e’) (PYTHIA) 0.88 —
0.7 | 0.86 |
| | | | | | | | | | | | | | | | | |
20 30 40 50 60 100 200 20 30 40 50 60 100 200
pr*' [GeV] prf [GeV]
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p; Leading Jet

Multi-Jet balance

- MJB Employ pr balance “prlet!/prReceil”
to validate/calibrate in-situ the

- powerful tool to reach higher pt IN JES  |leading (high energy) jet response | sets

p; Recoil System

LCW+JES/EM+JES topo-cluster

« Result in full data 2011 jets for R=0.6 and 0.4

. . . » pr>20 GeV, |N|<2.8, Njer=3 \
- w/ corrections by gamma-jet/Z-jet
» data/MC: ~1%
» 2010/2011: similar performance  AnKUTopOEMAES
-~ pt reach extended § ooy o Daa(48®) [
» 0.8 > 1.2 TeV Ej\l,_1'02;_ pf;fi}gf’;;oo _gv 0_PYTHIAMOTib]
a N VA e -
- Topic In 2011/12 @ TeV jets !l Tost oo Pl E
0.96/ ke ¢ =
0.94F ¢ EM+]JES -
0.92 ;— Data corrected with y/Z+jet R= o. 4 —;
I I IR A S B
g b @@o ..... OO O ............. <:> ............ + ....... ................ ................. ............. 3
< U R VSOV PRSPPI NPT MOV W DU SRR SN SO

500 400 600 800 1000 1200 7400 1600 1800 2000
p$econ (GeV)
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Dijet balance

Matrix Method

left _ .right : iI=| 11213 | T 5
. A al Pr a\f’T left = right —
* Analysis methods ol L right jet
- Standard Method R Prl oo 69 %’%—}; ‘I"left e
. . rg ce s b ’ n
» pr(probe jet)/pr(ref. jet) Fr i=1/2|B| 41 5
- Matrix Method Solve for all ¢; using matrix of lin. eq. F. RiihT >
} nOt defining o T | 1T 11 | T 11 | T 11 1T 11 1T 11 | T 11 | T 11 | 1T 11 | T
probe or reference jets = 1-2f Antik, R = 0.4, EM+JES
- D | 55 <p2? <75 GeV Matrix Method -
(7))
|r]/| | < |r]2| S 11_— ' Data closer to Herwig Feb5 _
8. - at eta=+/-3 ... .
. 9 o i\ ]
* Results in data 2011 TR 4 £ T S s S S S i S S Y
- ~10% difference QL T ke generaty otlowcasorto ]
. . = - Pythia prediction in centre 0 i
between .Pythla and Herwig 3 oo R,-,._'—'data,owerat -
» taken into systematics T e~ Data2011 —v— Mo o2 .
. ' - Pythi -
In the forward reglon O.8I_I | [ I | | L1 1 1 | I_IDI_I |yl Illa.I | | I_CIEJ_I ||\I/|CI Ia\llelraI.gIeI | | L1 1 1 | I_I
g 1.055| T | T T 1 | 1T 1T 1 | T T | T T
T 1
@] :
= 0'955
O 0.9f
0851
N et
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Systematic uncertainties

[ | [ |
* In In-situ measurements z 00 P Fpa—
c = imi = =
52 0.085 [ e _60_045_lATLASPreIlmlnary s=7TeV, | Ldt=4.71b
= - e PES ] T - anti-k, R=0.4, EM+JES
5 003 = JER = g 004 Total
(&) - . ) ] c [ l: Stat
S o.025F s+ Radiation: p_ — 50.035 ! & Fits and extrapolations
© v Radiation: |A ¢| . 0.03 o SRTARE II\D/IiICe—upjet rejection
T . 03 -8 generators 1
g 0.02 © Generator — o ---6--- Radiation suppression Z_le_t
9] o0 Qut-of-cone ! G- 0.025 = ---¢--- Width
c% 0.015F — TOTAL - = ~-+-- Out-of-cone
' - ] 0.02 | ---»--- Electron energy scale
C d 1 =
001 % * 0.015
Gamma-jet .. Dy E 0.01f-
f I i, e 0.005 2
I L L L I L IE L I L L L L I L L L I L l‘_'l l_ - __’—
0 00 400 500 600 700 800 5@ -~ 2
pphoton 0 20
T
ref
AntiKt4 Topo:EM+JES Py [GeV]
B qoal T T T T T T T T T T T T T e hominal
go-l_ ’ : Data CorreCted WithY/Z+jet | | Jer : 50_15\ T I T 1T ‘ T T ‘ T 1T T 1T T T ‘ T 1T ‘ T 1T ‘ T T I T
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- Jet & (&
- BIXILF-/IN—hrrETTETD/\NROVNDER
- Jet calibration
- A0 X—3® EM(or LO)-scale TOL XU R
- IRILF—D SR —DiEE
- JetD BB
» Z{TIE DT, MCCTK®TIZ JES &E=hNTD

- Calibration MENK S5ULVED>TULISH
- JES uncertalnty

» YEREETILY. BHBROKIG. J 17X YIBEZFENS<SD

Jet energy response MAREME

LM single particle measurement Z{F > T
- “In-situ” calibrations

» T —A%{F> T JESEIREL
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Pile-up in 2011
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Energles from Pile-up

- Jet (ILEEETO energy BIE)ICREET DED
- In-time pileup
» [BEfFICEEC DTEBBOERENSDFES
< energy ZB L LE(FTLED
» dependent on
- Z®M bunch x-ing COIRIRHEZEE:
Number of Primary Vertex (NPV)
7 tracking Tz 3
- Out-of-time pileup
» bi-polar pulse shape in the calorimeters
- total charge (& O ( noise-tolerant )
- KU\ negative charge B9 70
energy deposition M & (<
o CDN energy ZZ D5|L\TLED
» dependent on
- Z® bunch x-ing DBEINERF D FIHEZZEL:
“u"(<mu>)
v total cross section measurement
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Pileup corrections

- Calorimeter THIS energy ZE LIzDBILVZDENB &
et D pl ZEFEZX DNDT. NI L TREZ LTz
- Offset (pile-up) correction
- Correction methods
- Tower/cluster-based method
» eta-dependent (C. NPV or ufg(C
energy in calo-towers/clusters 0 table Z{E>CT. TN THLE
» topo-cluster @ noise-suppression I\ MC CFeEE(CEBR TR\,
HED EFS VDI DT
= Truth-pT based method
» MC truth jet information &> T.
&3 n, NPV, p TD EM/LC scale jet pr & HER,
CN%& table (D
- E(offset) = A*(NPV - <NPV>ef) + B*(u - <p>ref)
¢ [<NPV>ref, <p>rer ] : offset 0 (C7LD = (reference point)
< IR7ED default
- Others
» Jet area method, Ntrack, JVF, etc....
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Jet calibration with offset correction

. reference point (CDU\T
- JES M\, offset correction 7L LU C
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offset EEIL\F_O)B(L JES EJ%@“?DO
¢ jet energy response MFZHEIE
< NPV BECD pT response @ spread 1
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% 1065_04«1 <0.5 Antlk R= 06(topoLglussCt:|r; E g 1_05;_04«1 <05 Antlk R= 06(topoLglt;sctae|2 ;
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New JES In 2012

- In-situ calibrations @) absolute JES AMEYD 1A
- IB7E D calibration scheme

Pile-up Origin Residual in-situ
Correction Correction = calibration
Function of y and NPV Changes the jet direction Corrects the jet 4-vector A final residual calibration
applied to the jet at to point to the primary to the particle level scale. is derived using in-situ
constituent scale, i.e. vertex. Does not affect E. Both the energy and direc- measurements and is
EM- or LC-scale tion (eta) are calibrated. applied only to data.

e Correction from the in-situ measurements

S 1.06 g 1 2|_| I 1T 171 I 1 T 71 I llllllllllll I T 1 T 7T I 1T 171 I 1 T 71 I I—l
= B . = 7L Jetp. =150 GeV Antik, R = 0.4, EM+JES |
— - _ (] t ’
g .+ ‘/\;::ikkt F;‘ %‘2 'i’g:jg: = _ Matrix Method Antik, R =0.4, LC+JES -
S 1.04 (R=04, = - Antik, R = 0.6, EM+JES -
8 . Anti k, R = 0.6, EM+JES S Ar:tli kR —%Gé LCing
E B Anti k, R = 0.6, LC+JES o 1.1 o ]
5 1.02 = [ .
< B = s 1
Uy
0.98— i |
E 0.9 —
0.96— = -
0'94_ ! ! ! ! ! ! - I 2 ! 2 ! ! ! ! ! = |3 ! 3 0.8_| I | | | | | | L1 1 1 | | | | | | | L1 1 1 I |—
20 30 40 10 2x10 10 2x10 -4 -3 -2 -1 0 1 2 3 4
jet P [GeV] Nget

(a) Absolute in-situ calibration (|n| <1.2)
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Total JES uncertainty

. JES uncertainty NDES

Absolute JES calibration method
Data/Pythia
Relative calibration for jets withn > 0.8

High pT uncertainty for jets with pT >1TeV

Pile-up
» total T 1% @100-500GeV % 3ZERK,

Uncertainty in in-situ measurements in 2011

Calibration tool, JES uncertainty provider €—IG C& /2,

-« ERHTIEER

Kyoto-

Twiki: https:/twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/JetsWithPileup2011
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Jet calib tool in svn: https:/svnweb.cern.ch/trac/atlasarp/browser/CombPerf/JetETMiss/JetCalibrationTools
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Physics/Flavor dependent JES

. g 0[] 'Il'otal syst o Material delscriptilorl*n | =
o b—Jet ?‘3 - —s— MC generator —=&— Jet Resolution -
- generation, decay (Cd3(33 MC M uncertainty, 3 L 5 e = o mos
muon responseZF@) systematic M source H\Hd & | .
. . . . T 01 —
~ now In finalization g F | [
0.01;— ﬁ JBE —;
- —(I:o—:g.:fﬁfi*i—"—:;:qg—[}jﬁji ]
: 0.001 ——— e
» quark/gluon separation 2 %040 ¢ pad 1
- (&, (light)quark & gluon #RD jet M o T
response (FIGBE D T |
» more tracks in gluon jets - lower response IARRe :
i .
. S a1.05- = -
» analysis dependent 7% JES (DFELE § . T,
- I o ey . o o]
N top' W+JetS, e-FC"' | i P_YTWMWD—D—-—DE
» quark/gluon ID likelihood sl Ghones :
- —%_';I/L%—j‘*l’@ partOEn @EE%/\B l./é-\ | e Ellﬁ:?é::[ssR:OA.Jets. E
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v work In progress
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Pile-up correction in 2012

- DB pile-up rate ANOXIFR oo Iigiﬁziiiﬁé
¢ p~35@ 6x10%3 o B
- Linearity on NPV (& ~40 & C OK S 120 Y
» EDHRI. SD correction (FENL .‘“_.i@
- Pile-up uncertainty (& f‘"
» ref. point (& [1,0]DEFXTLILI\AN?
- slope M syst. err. Z&/]\MC I B study S0 s 20 250 ss o

- Event-by-event, jet-by-jet corrections

5.220_]... a

- SO correction (E NPV & y 1213
jet resolution Z & LU\,

Fo5TLBNDT. W

RNY.

» Jet Vertex Fraction JVF) & correction (CfED ?

> Ntrack E1§5 7
- R & study HNEfTHR

_\
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JVF[jet1,vix1] = 1
JVF[jet1,vtx2] = 0

VF[jet2,vtx1] = f
JVF[jet2,vtx2] = 1-f




FXED

- Jet calibration
- Offset (Pile-up) correction
» In- and Out-of time pile-up
» Truth-based pT method
- MC-based absolute calibration
» pI (reco) / pT (truth)
- Residual correction with in-situ measurements

- JES uncertainty
- In-situ measurements (C K DEIEZE ANCEC.
100-500 GeV T 1% & ZRY,

» Todo
- Luminosity MIFMNICEDETZ pile-up correction MREHNE
» event-by-event, jet-by-jet (C
- Physics dependent 7 jet calibration it
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TileCal
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- Geometry
- Length
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- Radius
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Double Gaussian Noise

. . . E— — — — — — — —| Mean 0.007632
Flttlng Wlth 5 parameters % 105 :_ RNDI\lll triggersl, run 1274|153 ....... RMS 0.995
- C, IJ, O1, Oy, R i = [ v 2gaus description Constant  1.853e+05 + 106

» R: relati lizati 10t - (.) 192“3 ‘_jesdcrc;ptt'on Mean  0.007399 = 0.000463
. rela IVe. Norma |z.a 10N = | 2 fandomized data Sigma 0.5643 + 0.0003
- Double gaussian describes 10° - : ATLAS Preliminary—
data very well F &
10° g : 4 E
° NeW MC § :4: §
- Implementation of 0E ¥ E
double gauss. noise 1= -H-I- T =
-~ Missing Erin Tile A6 4 70
Cell Energy / sigma (DB)
O MC O MC
10° 0 MC (2-G noise) 0 MC (2-G noise)
® Data ® Data
10 ATLAS Preliminary ATLAS Preliminary
10 J’
1 M ¢ {
107
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