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QCD studies in TeV scale

®* What's so special with QCD at LHC

¢ 3.5-7.0times higher CM energy than Tevatron — possibility to
explore very high Q2 & very low-x

0

® More prec T 0m new generation
X5 = (M/14 TeV) exp(+y) ] .
® Increa: 10 F Q=M v-wtev -~ roved particle ID
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What LHC can do for QCD

refining/expanding knowledge on the QCD event for “LHC era”

(2) Initial state F(x,Q2),G(x,Q?) (3) Final state D(z)
PDF : non-perturbative nature Fragmentation : non-perturbative nature
(experimentalists’ territory) (experimentalists’ territory)
Current existing PDFs will not Validation of the parton shower+
be sufficient for LHC kinematics ‘st hadronization model
Underlying

& Event ’
v\

{ ESR[LO]

Fragmentation

(4) Bound state physics

------- , Underlying Events: Spectator partons
: ) in proton participate as multiple
PSR Jet interactions

Also some resonance studies

Jet
(1) Hard scattering Cross Section : perturbative (theorists’ territory)

LO calculation is not often sufficient to describe data
Verification of NLO, NNLO by measurements (experimentalists’ territory)
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What QCD does for LHC

® QCD itself is a fundamental physics _ _
proton - (anti)proton cross sections

subject at LHC 10" prer ety 10
* go beyond the other experiments, o p (o — — {w
distinguishing the ‘state qf the art’ :: QCD Tevatron  [HC ::
theories Is a primary motivation ol / 10
® On practical side, the top priority of LHC :Z b r :Z
is the Beyond Standard Model e [ — j.
® QCD processes dominates the LHC € w ow | 1o
PP collisions © 10 ?gjet(ETjet>100 Gezv) EW — 10°
* Apossible signal from BSM is o /§ L
buried in the huge cross section of ol ] // E O
the QCD events (Background) 10° (Mm o) / e
® BSM signal events contain QCD 10 200E:V /| ew iy ‘°
processes (PDF, jets, UE) :Z o SO0V / N ::

N \/18 (TeV) "

—> understanding/controlling of QCD is an
Indispensable step towards new physics
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Brief Overview of the LHC pp run
&
Detectors (ATLAS/CMS)
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LHC (pp) past and today

Log scale
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® In 2010
® First 7TeV pp collisions started from March
® 48 pb!pp collisions delivered (45pb! recorded by ATLAS)

® In 2011
® Peak luminosity 3.59 x 1033cm-—2s
® ~4.88(5.21) fb-! data recorded(delivered)

(this morning, 10 days left for 2011 pp runs)

03/11

tegrated Luminosity [fb 7

7o

[ Total Delivered: 5.21 ft”!
Total Recorded: 4.88 fb™

2011

[ ATLAS Online Luminosity \s=7TeV

6 [ LHC Delivered -
5 =[] ATLAS Recorded

L S S B B B |

Linear scale

® Possibly reach > 5 fb! during 2011
® 1380 bunches, 50nsec spacing, 1.4E11 p/ bunch

0_. L
25/02

25/04

24/06 22/08 21/10
Day in 2011

LHC will run in 2012
then long shutdown / will
restart at higher energy
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ATLAS

2T solenoid, toroid system (/Bdl=1-7.5 Tm) Tracking in |n|<2.5
44m calorimetry in [n|<4.9
B S —

y — —

s s i S ™ o R
; ‘ s i
....................... i 3 S - . — J
I f ; ) bY- ./

25m

¥ Tile calorimeters

= LAr hadronic end-cap and
forward calorimeters

Pixel detector \

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker

® Gigantic general purpose detector with well balanced performance
(resolutions/acceptance)

® Emphasis on lepton measurements
¢ 2T solenoid for inner tracker

® Air core (less MS) + Toroid magnet (forward acceptance) for outer
muon system

® Accordion shape LAr calorimeters for fine lateral + longitudinal EM shower shape
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CMS (comparison to ATLAS)
CMS

® Compact but Heavy

® H=15m L=22m (half of ATLAS)

® W=12,500 ton (twice of ATLAS, mainly
from SC magnet steel yoke )

Resolutions (@p=100GeV)

* EMCal: PbWO, scintillator

® Excellent energy resolution e, gamma 1.5% 0.9%

® Solenoid: 4T (most outer layer) muon 2-3%  2-3%

® gain tracking resolution, with shorter e 89 12%
lever arm

® Not enough HCAL thickness
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Recent Measurements
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Covered topics In this talk

2010 data (~35pb1) had low pile-up (~2.2 interactions/bunch crossing)
very recent public results are shown here, but based on 2010 data

Uncertainties of the collected luminosity = 3.4%

[1] Hard Scatterings - perturbative nature -
¢ Jets (Single, Double, Multiple)
® Photon (Single, Double)
® B-jets
® WY/Z + jets productions
® many others (not covered)

[2] soft QCD - non perturbative nature -

® Charged particle multiplicities in minimum bias events
® Multiple parton interactions (underlying events)
® many others (not covered)

[3] QCD at very high energy

2011/10/20-22 JINNOUCHI pp LHC 11



QCD predictions

LO NLO LL summation

Up to 1-loo Parton shower
Tree level P P (emits gluons in soft/collinear

approximation)

® LO MC: Pythia, Herwig generic package LO process + shower + fragment

® NLO parton: NLOJet++, MCFM, DIPHOX, JETPHOX only partons in final
state (just pQCD part)

® NLO MC: MC@NLO, POWHEG hard process computed at NLO, shower
performed by PYTHIA/HERWIG

® Higher order tree level MC: ALPGEN, SHERPA computation of all tree
level diagrams of multi parton emissions, require parton matching btw ME
and PS, missing loop effect

® NNLO parton: FEWZ, etc

2011/10/20-22 JINNOUCHI pp LHC 12



Perturbative QCD Topics
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8 jet event in ATLAS |

I § ! + {
L | e

s | Run : 142528
Event : 201376378
é Dijet Mass : 1636 GeV

Er(GeV)

High-pT di-jet event in CMS

400 Jet 2 p;: 686 GeV

JETS 0

b

4 i 0 2

-2 ¢ Jet 1 p.: 739 GeV
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Jet reconstruction in LHC

¢ | @ ® Calorimeter Cell clustering
iy ¢ 3-D topological clusters
| 0f0 g8 0\““~.,| * start with seed (>4 ()
'R j!g | add neighboring cells (>20)
e %// — add all adjacent cells (>0)
0310 ¢ Jet Reconstruction
[ . n * combine the clusters using anti-k;

algorithm (infrared & collinear safe)
R=0.4, 0.6 (or 1.0)
antik, R=1 |

R * infrared safe : essential for NLO
comparison
® cone shape : pileup subtraction
¢ Calibration

® response corrections: hadronic
components (compensation), inactive
volume, out of cone leakage, pile-up

® EM calib - JetEnergyScale calib
MC-based correction function in jet E,
n bins
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Jet performance

0.08

ATLAS-CONF-2011-032

[T Total JES uncertainty

0.12 — —
- Anti-k, R=0.6, EM+JES, 0.3< |n| < 0.8, Data 2010 + Monte Carlo QCD jets
0.1 . ALPGEN + Herwig + Jimmy ¥  Noise Thresholds .
I~ x  JES calibration non-closure PYTHIA Perugia2010 ]
. o  Single particle (calorimeter) Additional dead material-|

Jet Energy Scale uncertainties
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® 2.5% for ~100GeV central jets

Calorimeter response to the single
particle is dominant component (reduced
significantly from in-situ meas.)

Unfolding for detector effects

restoring effects (resolution, efficiency)
bin-by-bin correction was used

Jet kinematics : phase space reach

Kinetic range of full 2010 data (green)

With a few 10 pb! of data, the reach in
jet pT at the LHC is already twice of
other experiments

Forward jet measurement cover up to |y]
=4.4

p; range goes up to > 1TeV
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Inclusive jet Cross section importantinput for PDF determination
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PLB 700 (2011) 187
— . :

S a7k — ]
Dijet production S0 T ome .|
S i L| —36 pb'1 o 05<lyl . <10(x10"
: . nt = m 10<lyl<15(x10%
more emphasis on Matrix Element structure S el Gortey B tacbiczanio) 3
B x L { ) v 2.0<|y|m<25(x10“) ]
® Dijet measurements from both ATLAS/CMS £ [ areRsed §
® Cross section as a function of M;; and |y|x L 107F
: . = L 3
® Varies by ~7 orders of magnitude 2k .
o L -
° M,, range up to 4.1 TeV © 102;:
¢ Data vs. predictions in good agreement within [~ POCDatNLO®Non Port. Cor: ]
.. 10°F PDF4LHC .
uncertainties 10-15% 3 Mo=R —pm 3
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Multi-jet Cross sections

_ ar>|<iV11107-|2092 PLB702 (2011)336

D 1 06 = = g T T T T T | T T T | T L | T T T T | -

[=X 5 - 3 7 i
10° 3 3 \s=7 TeV anti-K, R=0.5 ]

10'F 081

R:O_a,j L dt=2.4 pb” . E 0.6

02 | —e— Data \5=7 TeV)+syst.
1 E o=emrmeme ALPGEN+HERWIG AUET1x1.11

. Data

Eoammmeees PYTHIA AMBT1x0.65 ] 0.4 PYTHIAG tune Z2 |
105 — — ALPGEN:PYTHIA MC09' x1.22 E . T YIS une ET ]

F -~ SHERPA1.06 | 3 — « — MADGRAPH + PYTHIAG tune D&T .
g 02f gy
Q 1 P T i amssma i e i Systematic Unoemlainly -
) o -._T—"-:m-_r_.'-_ul_".'E?ﬁ'_=.:'.=_“?£- ]
E 0.5_ | | | | | 1 OI | | | | 1 | | | | 1 | | | | | | | | | | | 1 | ]

2 3 4 5 6 05 1 15 2 2.5
Inclusive Jet Multiplicity H; (TeV)

: : - all jets
multi-leg LO ME + PS play a crucial rule (dﬁgj /dan) vs. H. |H =>"p. >JSOGeV
for representing the high jet multiplicity i=1 Pr
result for o, pr>50GeV |y| <2.5 jets
leading jet p;>80GeV ratio rises with increasing H;
other jets p;>60GeV all [y|<2.8 (as the phase space opens)

MC scaled to 2-jet cross section
Dominant systematics JES MadGraph (LO ME+PS) agrees well

(differ from ALPGEN by ME-PS matching parameters)
all LO MC (2->2(or n)) reproduce [in ATLAS, ALPGEN+Pythia good agreement]

the main features
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Isolated prompt photons

® Prompt photon production is very important to understand at
LHC (irreducible BG for Higgs, SUSY, UED searches)

® Big emphasis on EM calorimeter performance
® SM photons are from either Direct or Parton Fragmentation

NANN NV @mm—@/m

Typical dominant ‘direct’
production (signal)

® direct production is dominated by qg->qy, sensitive to gluon PDF
® Both components implemented in NLO MC (JETPHOX)
¢ parton-level isolation cut dR=0.4 around photon (for MC comparison)
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Single photon inclusive distribution
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. JETPHOX + CTEQ6.6 5
* Isolation condition E; < 4GeV in cone 0.4 o

!
30 40 107 2x10%
E; [GeV] E; [GeV]

CMS 25 < photon E; < 400GeV
« JETPHOX + CT10 PDF

« Systematics dominant :
« direct/fragmentation fraction
 pileup, shower shape (MC/data)
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do/dm,, [pb GeV'']

(data-MC)MC

(data-MC)/MC

di-photon measurements

sensitive to
® J|etal< 2.37 except 1.37 < |eta| < 1.52 soft gluon emission
* di-photon E; > 16 GeV (need NLO)

® di-photon two isolation cones separate i.e. dR >0..
® |solation energy E;'S°<3GeV: tight selection
® backgrounds estimated with data-driven, subtracted

sensitive to the
fragmentation model

T L L L L L L B LI YL B BN N R = BT T T T LN RN R — L B L e e
C Data 2010,\s=7 TeV._f Ldt=37 pb” ] E F 10,\/s=7 TeV, j Lat=37pb’ § B ™ Data 2010,Vs=7 TeV, f Ldt=37 pb”
B %\Q pl>16 GeV, E-**" <4 GeV, AR™>0.4 1 2 pi>16 GeV, E;**" <4 GeV, AR™>0.4 7 g pI>16 GeV, E"*"" <4 GeV, AR™>0.4
0 i % I'l<2.37 excluding 1.37<i'l<1 52 T = = I'1<2.37 excluding 1.37<in'l<1 52 = = I'l<2.37 excluding 1.37<i'l<1.52
1= -~ measured (stat) | EE 4 -+ measured (stat) 1 3 10% E
= ? 4 + measured (stat & 3 g C v‘}v -+ measured (stat @ syst) | "_g ]
C ' 1 ° b b s8¢ DIPHOX _ ]
K %@x 7 E ResBos 3 i
. 2L —=
i < g _ 10 E E 10 =
B - c . ]
L ATLAS i 107 E- ATLAS = :
Lol L P PP B Bl 1 Ll Lol A
o F . 0 2
‘k DPHOX] £ o DIPHOX] = 1%7@_4'_ [}|PHO)(_
%#x\*ﬁ\ﬁ\w\\\ \;\\ \\é‘&\\%%#}\\\%\é $ ok e t AN ——— T A \\\\\\ !
0. g _2:_ —: 3 '1
osk + ResBos % of ResBos - % 1_—% ResBos
o 27 L2 —§ = o:...-H-+—+— ol l ] = o } A 3
05 _ _ % 2F E g -1 — —
20 0 T 80 100 120 140 160 180 200 220 0 20 40 60 80 100 120 140 160 180 200 220 % 05 1 15 2 25 3
m m,, [GeV] p P, [GeV] A d) Ao [rad)

both NLO MC good agreements data is broader than NLO MC
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b-jets productions

Substantial background in many BSM searches

® Major production modes

a2 gweooar——p s’ gwower——b  agd g b
S b

900~ ——b g@mﬂpéwgz 9
flavor creation flavor excitation gluon splitting

(LO) (NLO) (NLO)
® b-tagging algorithm in use for 2010 data

Main method . | alternative
The displaced vertex is Muons from semi-leptonic B

TFacKS Trom

_ (for b-tag eff.
SVO b decays g|Ven by the |0ng decay measurement) decays have a |arge angle

length of the B meson w.r.t. the jet axis

Pt Ref\
| prompt  SVO reconstructs the
tracks — gecondary vertex from
/

\(

el rel )
P P.. is used to tag b-jets
T g o

jet axis
T m

the charged decay
products y

® Operation point
in default, 50% b-tagging efficiency is chosen
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b-jet cross sections

Jet anti-k; algorithm dR=0.4
|yjet| <21

for di-jet p;(jet) > 40GeV
compared to NLO MC
systematics dominant: b-jet energy e
scale, b-tagging eff/purity uncertainties

arXiv:1109.6833v1

> 10'°F ATLAS —e— Data 2010 .

% 10'2E\s=7TeV, [Lat=3apb® = Pythia (x0.67) E

TS Ll S— % POWHEG+Pythia

2 10"°F [ MC@NLO +Herwig

[ oF 3
g 107E
& 10°F

© 10" pemmmes

10°F
10°5
10°F
10°F

10°E - E

10 = lyl <0.3 (x108) === ka

1§_ —=— 0.3 <lyl <0.8 (x10% """ﬂ__,_ 3

4E —— 0.8<Iyl<1.2(x109) =

1182 ——12<lyl <21 —4=:

= L L L L M| L L =

20 30 40 100 200 300
inclusive b-jet Jet p_[GeV]

POWHEG+Pythia shows good agreement
while MC@NLO+Herwig significantly different
in inclusive b-jet measurement

all three show good agreement for b-dijets

. T L T
:;J 103EATLAS —e— Data 2010 j
% - Pythia (x0.85) -
S 1%k == _ 4 POWHEG+Pythia _
~a: *&E A MC@NLO+Herwig 3
ng 10 : E
© - ]
o 1e . E
o RN .
10 E\E:TT&V, _[ Ldt=34pb™ “ o
v b e b b by e by by
R LA S 8 R A A -
E f 1 - g Pythia
1 o B +L__‘ ..................................... =5
%0-5%::'}TE'}::' H——+—+ | =
= 1.512— IS ‘ e I = Powheg
© E — 3 1
SU 0-5;_.III|IIIlillllllllt.illllilllli _;+Pythla
1.5 I =
;_.{ |--} . :%3\ % “MC-@NLO
O.E;Ié—....l...|..I..|....|'T'..|...‘.|>—E+HerWig
100 200 300 400 500 600 700

b-dijet measurement m_ [GeV]
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QCD + Electro-Weak (W/2)

* EW gauge boson produced with n-jets

* bosons produced via qq interaction, while jets are from higher order QCD terms
* stringent test of pQCD

4 Y

Z identified with the M, of W  p;of v from missing E;
the di-lepton system Reconstruct transverse mass
1600 Mis
% C —-l—umlmom-rlra\q lﬂﬁ'_‘qs Prelllmlrl'naryL M \/2 éE 1 COS ¢EtMiss))
— 1400 1%
- C = W01 L I BRI I R
E‘l?ﬂﬂz ﬁ 3500 fLm-EB po” ATLAS _E
|E 1(][)!‘.}; g 3000 WE =T TEYV Iil:-:::l:“ _E
BI'.I]': L 2500 I #ec i b s _z
600} 2000 3
C 1500 =
qu 1000 m-|- 2 40 e\/
HI}_
C 500
0
70 75 80 85 90 95 100105110115 % 50 50

K use 66 <M,, <116GeV m,, [GeV] /K m, [GeV] /

« EtMiss measurement affected by pileup
* reproduce the pile-up conditions by N primary vertices weighted MB events
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Z + Jets

Just as multi-jets case, LO ME+PS MCs crucial for

q q

the jet multiplicity, and jet kinematics
- Alpgen / Sherpa in good agreement with data f
multi-parton ME, normalized to NNLO cross section 7 g

- MCFM (NLO < 2) also consistent
- Pythia (2=2) disagrees from Njet 2 2
ATLAS- CONF 2011-042

- UL SR B BN I I I B B
%103_ MLLT P;Tm ﬁe‘nﬂ"iﬁnuﬁ*ff i 3 w0l 4TS P'e"m'_?aw Z" (= wh)Hets
ﬁi Eg anti-k, jets, R = 0.4, —=— Alpgen - EE % ; Ldt=1.33 P %5 Data 2010 {5 = 7 TeV) ;
* P30 Gev —&— Sherpa 1 & - Z 1t —=— Alpgen n
210 e pyhia = 2 [ antikjets, R=04, .
1=E' = —= MCFM E +§ 10—2:_ D:E)SO GeV —4— Shermpa —
= B eyttt bt vt 1 I = =
10_? - = el C —*— MCFM =
y 10 = § | e .
C st - iy, .
1= : = € 103 _
= 5 8 10°E gt 3
1_8__ %éDataZ)‘IDN_ ?Te\.l']— - =
g }g_— theoretical uncertainties —_| - %
ey Z 7 / E 1.B—I|””I””II .|...|....|....|....|..;
12 _ - = Da He=7Ts — H
§ B2 MCFM S 2 1S5 MCFM 7 e = [ Selection]
0o . | 5 Bk 22  isolated leptons :
185 pmmeen 3 8 000 =
— i+ Data =l — 6= =
g }2; AIpGen uﬂuNHLOmrmaliza‘::n — o }-gz AlpGen a4 Data 2010/ Alpgen pT(e IJ) > ZOGeV |r||(e “) <
s 120 Yy B P s pmmOIS 3 () A7 D 4)
5 ' 2 7 g § s 4 Se——os . )
0.8 E T = = anti-k; jets :
= };‘21‘;2 o g 4 7 dR=0.4, p;>25GeV |y|< 2.1
g 08 £ g_g"_‘ 11111111111111111111 = opposite sign (same flavor)
3

0:. 40 50 60 70, B leptons 66 < My<116GeV
inclusive jet pT f@ fﬂ ¢
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W + jets

1

a(W + zNjat jets) [pb]

Theory/Data

Significant BG for tt, single top measurement,
also for Higgs and beyond SM searches

Pythia LO : disagree from N, = 2 and more

Alpgen/Sherpa : multi-parton ME, normalized to NNLO cross section
MCFM : NLO up to 2jet, LO at 3jet

BlackHat-Sherpa : NLO up to 3jet, LO at 4jet

ot ATLAS-CONF-2011-060

E I lW T 1 T 3 ;103 ; , - . /
- —Bv + [els = ) —ev + jets
r <% Data J201 0,V5=7 TeV 5 102k JLdt=33 pb’ : !
i v ALPG . LPGEN
B A SHERPA - i ERPA g
= PYTHIA
'DB E =1 BLACKHAT-SHERPAS
F MCFM E
i ATLAS Preliminary
L i _
- = S AP
- '[Ldt=33 pb-i ] k j
10 =
; . [Selection]

isolated lepton :
pr(e,u) > 20GeV, |n|(e,p) < (2.47,2.4)
EtMiss > 25GeV, M>40GeV
anti-k; jets :
dR=0.4, pT>20GeV |y|< 2.8

>4 >5 100 200 300

>0 =1 2 >3
Inclusive Jet Multiplicity, N, First Jet p; [GeV]

similar results for muon channel
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Non-perturbative QCD Topics
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MB(minimum bias) & UE(underlying event) In LHC

hard interaction \

(in-time) undéfllying""‘event /

® Important topics for LHC

® MB : major BG for detectors as a pile-up (in-time)

interactions /bunch crossing = 2.2 (2010)-> 5.8 (2011)—-> ~23 (design)
in MC, average # weighted simulated events overlaid on hard process

® UE : each interaction accompanies multi-parton interactions
® Modeling in Pythia and Herwig/Jimmy

® difficult to describe both MB/UE with the same parameters
—> separate tunes prepared

® ever lasting tuning efforts on going
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Minimum bias events

AMBT1 : the first tune based on ATLAS MB data (0.9 and 7.0TeV)
diffractive reduced phase space (Nch=6, pT > 500MeV, |eta|<2.5)

—> recent tune obtained separately for MB (AMBT2) and UE (AUET?2)

NJ P13(20 11)05033 Charged multiplicity > 6 at 7 TéV, track p; = 500 MeV
o T T T T | T T T T T T T ‘ E 1 _ T T | T T T | T T T | T T T | T T T | T T T ]
g 10 | ATLAS N FZU ° B —e— ATLAS data 3
— | ®mMAYOData = C — PYTHIA AMBTz (LO++) ]
g | — PYTHIA 6 AMBT1 1 2 - ——— PYTHIA AMBT: (LO) ]
o i |l S 1w = W - PYTHIA P2010 (CTEQsL)
S5 °r ] = ATLAS preliminary ]
- L ] = L ]
. L B 1073 = =
z °F - SRS - :
Al i ] w4l PL>500 MeV, || < 2.5 _
N ] S I BN I o e IE
: : g 1] | | ! ]
F - E 1.2 — r——1: .............. ’ —
j i § 1 %—EE_'E_:,:_-:r: e ] ._.-.-.-._.-.-.-.-.-.z
F p,>25GeV,n, > 1 1 = o8 E
0 —r——a L L TR - Q L ] 0.6 :_I A BN BT B L1 3
103 104 20 40 b0 8o 100 120
N,
Vs [GeV] "
particle density vs. Vs # of charged particle distribution
low p- (diffractive domain) is AMBTZ2 improved in high stat. region
T
not described well by MC, (p; dist. is not improved; not shown here )
pr>500MeV are OK still room for progress !
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leading track

Underlying events (hard interaction)

® look at properties in 60 degree azimuthal wedge

perpendicular to leading track transverse
(UE)
Nehg dens_ity VS. ATL-PHYS-PUB-2011-008 <pT> of chg trks vs.
profleadingtrk |, - . pr of leading trk- oy
E ” __ V;— |?Tev| [ | [ [ I| ..... -|____: :g: 2 __I |‘f§|=| TITelvl T T - ]
= L F pi>500MeV y| <25 ; 1 2 [ p.>soMeVfg<25 | p——p—1I
B - ] " - TTTTTTTT
s LE 3 3o e
:-1 T G i v e E T - o R
Ll o8 et —] B
2 6E AIanSSdprelimmaw E C il ATLAS preliminary
S E — ata E r —s— ATLAS data ]
o4 b —— PYTHIA AUET2 (LO++) - — PYTHIA AUET2 (LO++) €= tuned to UE Only
- ——— PYTHIA AMBT: (LO=) 7 05— ——— PYTHIA AMBT1 (LO+) ]
P PYTHIA Pzo10 (CTEQsL) 3 . PYTHIA Pzo010 (CTEQsL)
1 | L1 | 1 | 1| L1 | | 1 | | 1| | 11 | L1 | | 11 |: C 1 | | 1 1 ] | ] | | ] | | | ] ] | ] | i
1.2 :_Il 11 | T | | | [ | T | | | LI | T TT | T II_: 1‘3 :_I I 11 I LI I 171 I 171 I [ I [ I__
8 12 E— P = 8 12 ET., —
ﬁ 1 E o= :_!TI__!_I '___-l __E :-3 1 :_h..._._ ===o——g
g g P S I B I E
0'6:_|||||||||||||||||||||||||||||||||||||_: 0'6:_lllllllll‘l'|'|"'|"'|"'_
2 [ 8 10 12 1 16 2 4 8
1 ! Py {ieadmg nack}[cz'ﬁ 1 P (leading particle) [GeaO

good improvement of AUET2 (red)

over AMBT1(blue) Rapid rise with p+, plateau above ~5GeV

On going work for
« various MCs, PDFs e.g. PYTHIA8(C++)
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QCD at very high energy
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Di-jet resonance search

resonance search is the first thing one should try for BSM with early data

useful way to confirm the QCD modeling & detectors are sound and still at

with this variable y, one expects peak around 1
for heavy resonant particle (back to back jets)

=3 T
—=0.35

@O

N

)d

> 0.3

(1/N

0.25

|
det =36 pb'Ns=7Tev @ 9520<m<B00GeV ]
.- QBHM_=3TeV) (+0.18) {

]
- =l

Eﬂﬂ-ﬁmu <1200 GeV (+0.04)—
120[In:rr|u-l:1l':'ﬂﬂ GeV I:+[I.UH:I:
O 1600<m, <2000 GeV (+0.12]]
o ml:-Z'I]U GeV (+0.18)
= (QACD Prediction
N [ Theoretical Uncertainties
! [ Total Systematics

[ J
(robust quantity, which do not require super accurate JES)
[ J
very high energy
arXiv:1108.6311
g v T ATLAS @ -
=
w 104 e Data _
- — Fit E
5=7TeV i
1 [Ldt=10®"

2 . 2
_j'I'I'ITrr|_|'|'I'ITIT|_|'|'I'I1111] |||||r|T| |||||"T| TTTIT

N O N

significance

1 I 1 1 1 1 I 1 1 1 1 I 1 1
1000 2000 3000

T | I 1
4000

Reconstructed m, [GeV]

good description up to M; > 3TeV
so far no luck yet, need higher statistics for higher tail and angular correlation

‘_

-------

[o-—p-

!
0.2 ¢ ¢ ¢
0.15 o —p— =0 e
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Concluding remarks g I s s <~ ——
' > S G S S ]‘fo‘\\_‘
® A stunning number of successful measurements for many |

QCD channels from both ATLAS and CMS

Inherited powerful knowledge (MC, Jets algorithm, analysis
techniques) accelerated the quick interpretation of new results &

Current precision is 10-15% on data and theory
measurement side will be improved with large statistics of
2011/2012 data

® more systematic studies, more understanding on detector

Will expand our understanding in the new kinematic regimes
Aiming at 5fb-1 updates/publications for winter 2012

That's Al ~§ N

~ !l Thank you for listening !!
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ATLAS Data Quality

ATLAS Detector Status

Subdetector Number of Channels | Approximate Operational Fraction

Pixels

SCT Silicon Strips

TRT Transition Radiation Tracker
LAr EM Calorimeter

Tile calorimeter

Hadronic endcap LAr calorimeter
Forward LAr calorimeter

LVL1 Calo trigger

LVL1 Muon RPC trigger

LVL1 Muon TGC trigger

MDT Muon Drift Tubes

CSC Cathode Strip Chambers
RPC Barrel Muon Chambers
TGC Endcap Muon Chambers

luminosity weighted fraction of good quality data

aom
63 M
350 k
170k
8800
5600
3500
7160
370 k100
320k
350 k
Nk
370k
320k

as of 2011/10/05

96.4%
99.2%
97.5%
99.8%
96.2%
99.6%
99.8%
99.9%
99.0%
100%
99.7%
7. 7%
97.0%
a7.9%

Operational fractions very high
(> 97%)

high good quality data (>98%
except LAr)

during LHC stable beam runs, L=2.33fb* (3/13-8/13)

Inner Tracking
Detectors

LAr

Pixel SCT TRT
ixe EM

Calorimeters

LAr LAr
HAD FWD

Muon Detectors

MDT RPC CSC TGC

Magnets

Solenoid  Toroid

999 999 100 ©90.0 913 ©94.8 98.2 99.5 ©99.7 99.9 099.6

99.4

Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at Vs=7 TeV between
March 13™ and August 13th (in %). The inefficiencies in the LAr calorimeter will largely be recovered in the future.
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Upgrade & long shutdown (LS) plan (as of today)

¢ LS1: 2013 — 2014 shutdown 24month physics-to-physics

® Machine : mainly splices consolidation and repairs

® ATLAS : IBL, Pixel new SQP, new LVPS for tile/lar, FTK, etc....
® RUN : 2015-2017

® s~ 13-14TeV, B*=0.55m, L~1x1034 > ~50fb1
® LS2: 2018 shutdown (Phase-I): ~1 year

® Machine : injectors (LINAC4) and collimators

® ATLAS : L1 trigger (topological, more granular), Muon Small Wheels,
etc

® RUN:2018-2021
® L~2x103% - 300fb1

® LS3:2022-2023 shutdown (Phase-Il): ~2years
® Machine : new inner triplets, crab cavities

® ATLAS : new tracker, new calorimeter electronics,
new FCAL, etc

®* RUN: 2024 -
® L~5x103%* - up to 3000fb1
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ATLAS Trigger performance

High level trigger menu : software based, e 0 T NARAREN ]
. . . . =|-=ﬁ, sl o ¢ i
continuous update with luminosity o} i Oog electrons
33em-2g-1 2 B Y

3x10°*cm<s~ menu = 0.8f . i
. 5 ATLAS Preliminary 1

® Prescaled triggers i o I . i
0.6 Data 2011 | Ldt=206 pb —

® Electrons pT>22GeV i 620_medium trigger ]

® Muons pT>20GeV 0.4:— 0 L1(E>14 GeV) —:

®* Jets pT>24OGeV 02: o L2(E>19GeV) ]

_ 2 s EF(E >20 GeV) ]

* EtMiss > 60GeV ) - L 1
* (Di)photons pT> 80(20)GeV 01505530 35 40 45 50 55 60
5x1033cm-2s1 menu electron E; (GeV)
® Even tighter menus planned s dprre s

> 12~—r—T——T—7T 77 % 09% é

= [ ATLAS Preliminary ! £ 0.8 @R Q =

S 1.0 Data2011 e ————— © 075_ E

w - n?i | S " E =

0.8 ook anti-k; R=04 ] E 06 MuonS—;

- \]ets n, /<28 i 0.5§—Q —

0.6/~ T E 0.4fF 3

0‘43_ - 4 0 L1 Jet E; > 75 GeV _f 03E E

02:_ - ﬁ o L2 Jet E, >95 GeV ] 022_ ATLAS Preliminary O DATA _E

T o o 4 EF Jet E > 100 GeV | 0.1 2011 DataILdtz 138 pb™’ AMC 3

0.0 ggg TG T4 Te0 T80 200 220 Ol

20 30 40 50 60 70 80 90 100
Offline Jet E, [GeV] p. [GeV]
T
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Data preparation and computing

900,000

800,000

700,000

600,000

500,000

400,000

300,000

200,000

100,000

0| = = 2225 e = il
2011-03-19 2011-04-02 2011-04-16 2011-04-30 2011-05-14 2011-05-28 2011-06-11 2011-06-25 2011-07-09

P
T T T T T T T T T

Full number of ATLAS jobs per day

analysis

2011.03 2011.07

Raw data are reconstructed at Tier-0 site (CERN) within 2days
Calibration and data quality performed for physics analysis
Data are ready for analysis on the grid within a week
Up to 800k jobs/day are processed on Tier-1 and Tier-2 sites

® Analysis, Simulation, Reprocessing, various productions

201
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K+ and anti-k; Jet algorithms

e define for each proto-jet its “beam distance” d;z = kr,
and for each pair of pro-jets their “separation”
_ AR 2o\ N2
d, = min(k}, ki) R; where A:‘;,_, =, —y;) +(@,—0,)
and R° is a specified size scale of order unity
e if d;<dy combine proto-jets i and j; otherwise, define i as a jet and remove
it from the list
e kg algorithm corresponds to n = 2 (favors clustering of soft proto-jets)
e anti-k; corresponds to n = -2 (favors clustering of hard proto-jets)
both algorithms are infrared and collinear safe

b, (GeV] . | KRt | p, [GeV] - )
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advanced b-taggings

It signs the transverse and longitudinal impact
parameters of tracks with respect to the primary
vertex:

IP-based algorithm: |

IP3D |

Sv1

SV-based algorithm:

do>0

do<0

:‘J, /s /,',‘ (]

It reconstructs the inclusive vertex formed
by the decay products of the b-hadron,
including products of the eventual
subsequent c-hadron decay.

&/ inclusive B/D
vertex

B

It takes advantage of different properties of the SV:

Multi-vertex fit algorithm:

\ JetFitter \

This algorithm tries to reconstruct the
full b-hadron decay chain (b>c=>...)

including vertex topologies with single

tracks (under hypothesis that b- and
c-hadron decays lie on the same line)

Untuned simulation & jet flavour fracticns

It also takes advantage of the different
properties of these vertices:

Fraction of jets tagged by SV0 / 20 GeV

0.06["
- ATLAS Preliminary

Ldt = 330ph”
Pythia Dijet MC - light jets
[ === Pythia Dijet MC : ¢ jets £,250% 0.05

- Pythia Dijet MC : b jets

0.02- [

00 50 100 150 200 250 300 350 400 450 500

for QCD jet events:
fraction of light jets incorrectly tagged as b-jets
Is substantially reduced with the advanced taggers

Untuned simulation & jet flavour fracticns

Untunad simulation & jet flavour fractions Untunad simulation & jat flavour fractions

« data 2011

raction of jets tagged by IP3D+SV1 [/ 20 GeV

w

Jetp, [GeV]

SV0 tagger*

0.08 "

R R R E e ARARANRRARARINARsEaLy
> T T T T T T T T T > F T T T T T T T T T
= - “ ] r I r ]
r ATLAS Preliminary Ldt = 330pb o 0‘3: ATLAS Preliminary J-L:It = 330p0" o 0 3: ATLAS Preliminary J‘Lﬂt = 330p4"
r Pythia Dijet MC - light jets h 5] r Pythia Dijet MC  light jets 5 < C Pythia Dijet MC  light jets
[ we= Pythia Dijet MC : ¢ jets £,=50% 3 S 0.25[ === Pythia Dijet MC : c jats + T 025~ == Pythia Dijet MC : cjets
[ mmm Pythia Dijat MC : b jets ] ] [ == Pythia Dijet MC : b jets ___+++ 1 g [ = Pythia Dijet MC : b jets
o« data 2011 [ [« datazon a ic « data 2011
8 02 a B Iz 0.2
] = [ &=70% z [ &=70% ]
High-performance tagger | [ [ High-performance tagger |
arpe 9ger 3 g 0.15) E 0.15 ane 99
] 2 r = r
2 o01f B oif
9 L =]
S r g r
5 0.05 £ 0.05-
k=l E & [
51 L py L
& r =] L
L w [=
0(] 50 100 150 200 250 300 350 400 450 500 OD 50 100 150 200 250 300 350 400 450 500 ‘_05 QD 50 100 150 200 250 300 350 400 450 500
Jetp_[GeV] =z Jetp_ [GeV]

JetProb taggtJ;;'E"pGevl

IP3D+JetFitter '

IP3D+SV1
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ATLAS detector performance in 2010

® Inner detector

® momentum scale known to 1% level (<100GeV)

* reconstruction eff > 99% (muons > 20GeV)

® material distribution known better than 10% (goal'is 5%)
¢ EM Calorimeter

° scale uniformity ~2% in eta, <0.7%.in phi (goal'is < 1%)

¢ energy scale known to < 1% (goal is'0.1%) * 3

° electron ID efficiency known with ~1% preC|S|on
® HAD Calorlmeter :

¢ Jet energy scale uncertainty 4~5% (goal is 1%)

® missing Et : good MC/data agreement

no tail from instrumental origin after calibration with"15M minbias . Tie calorimeters

° “ ‘ ‘ \ LAr hadronic end-cap and
MUONS \ / forward calorimeters

¢ momentum scale known t(?orod magnets Plxil\rd:;eji::‘mmrmohr calorimeters

®  momentum resolution.knewn to selad0%ynet | Tansiic] Rate (2010/ design)

* reconstruction eff known to 1-2% (goal’ig“1%%)™ | Bunch crossing: 1MHz/40MHz
® Trigger / Data GRID transfer »| Level-1: 20kHz / 75kHz
® Luminosity 2010 (Van der Meer scan) Level-2: 3.5kHz / 2kHz

_ _ EF: 300Hz / 200Hz
¢ final uncertainty 3.2% (most of the papers used | GRID: 1-4GB/s / 2GB/s

the previous estimation 11%)




ATLAS calorimeter an

Sampling Calorimeters
- High granularity
- Longitudinal segmentation (3-4)
- Non-compensating

(jet calibration performed offline)
- Coverage

EM: LAr(act.) / Pb(abs.)
In|< 1.475 (barrel)
1.375< |n| <3.2 (endcap)

HAD
Barrel region |n|<1.4:

Organic scintillator(act.) / steel(abs.) tiles
Endcap region 1.4<|n|<3.2: LAr/Cu

FORWARD
3.2<|n|<5.0
LAr/Cu (EM) and LAr/W (HAD)

d iInner detectors

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

21m

* v\\

H mp".l".“::"m"”"f..':;””” for nVTX, E/p, b-tag, JVF,...

\ ; Ens«umwvm-

Inner Detector
Pixel detectors, semiconductor tracker (SCT),
transition radiation tracker (TRT)
87M readout channels, coverage up to n= 2.5
Immersed in 2T solenoidal magnetic field
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Summary of SM measurements

inner error: stat
outer error: total

10

ATLAS Prellmlnary

J-Ldt-DOBS 104fb
\J'§ ?’Tev

Theqry

= Data 2010 (=35 pb™)
o Data 2011

1 fb’

w Tz T wy [ oz |

Measuring cross-sections down to few pb (~40fb including BR)
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Summary of BSM searches

ATLAS Searches*

- 95% CL Lower Limits (Status: BSM-LHC 2011)

T.mass

MSUGRNCMSSM Tdep +js +E
MSUGRNCMSSM multijets + E

Simpl. mod. (Ilghtx JyiO-lep+js+E

Simpl. mod. (Ilghtx@ O-lep+js+E

Simpl. mod, (light x (O-lep+js+E

Simpl. mod. (light ¥ } : 0- ep + bejets + s + E
Simpl. mod. (§—tty ) : 1- dep +brjets +'s + E
Pheno-MSSM (ligh 7, °):21ep SS+E, |
Pheno-MSSM (Ilghtx } 2-lep OS ¢ T Eqr s

Simpl. mod. (§— oJ¥ ) : 1-lep+js+E
GM B(GGrSﬁ Slr‘npl model - {r«,r+E”“5

GMSB : stable ©
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Hypercolour scalar gluons : 4 jets, i, = m,
RPV (4,,,=0.10, .-'1312-0 05): hlgh-mass el
Bilinear RPV (ctLSP < 15 mmj:i-lep +js+E,
.................................................. Carge ED E"DDJ . ”rﬁc'iriojet .
L +E T réss
RS with k/M, = 0.1 : diphoton, m,,
RS with k/M_, = 0.1 : dilepton, m__,
RS withg_ 719,=0.20 : Hy + E,m’_‘;;
Quantum bisck hole {QBH}) : My FUK)
QBH : High- masscr
ADD BH (M, /M,=3) : multijet £p
ADD (M /M= S5 dimuon i\."¢n M
qag mnFéiﬁt'i'h’té’féiiﬁc’ih""F"( 4 #}'
qquu contact interaction :

T.mass
T rnéss
T méss
T.mass
T rnéss
T rnéss
T rnéss

SUSsY

L=42 pb' (2010) [arkiv:1104.4398]
L=1.081.21 5™ (2011} [arXiv: 1108.1882]
| L=1.04 F6 (2011) [arKiv:1108.1316]

4" generatlon coll. mass |nl3I
4" generation : ddd it { (2-lep 5S)

6 — Wqu'

1T

ath gen. 0. 1IED+IEtS+ETmﬁ5

— 1+
Techni-hadrons : dilepton, m_, un
Major. neutr. (LRSM, no mixing) : 2-lep + jets
Maﬂitor neutr. (LRSM, no mu(lng% 2-lep + jets
H" (DY prod., BR{Hﬂ—mu} [“Mgn]
Excited quaFI-cs
Axigluons : m

Color octet scalar : m
................................................................................................... diet. 1 | L1

Other

L=36 pb”" (2010) [arkiv:1103. 3864 {Bayesian limit)]

mass (for mlﬂ) 2m(g))
§=gmass
O mass
g mass
g mass (for mib) < 600 GeV)
§ mass (for m(3 ) < 80 GeV)
qmass
gmass

i

3: mass (for m(g) < 600 GeV, {m[)[ )= m[){ W (mi(g) - m[){ 1= 142)

g mass (for mibina) = 50 GeV)
T mass
g mass
b mass
T mass
sgluon mass {excl: m,, < 100 GaV, M= 140+ 3 GeV)
V. mass
§=Qmass

Compact. scale 1/R
Graviton mass
Graviton mass
KK gluon mass
My, (5=6)
Mg
My (8=6)
M, (6=6)
67TV A
48TV A
18Ty Z' mass
2487 W mass
1 gen. LQ mass
2™ gen. LQ mass
Q, mass
d, mass
T mass
p_ /oy mass (for m[p_l_,l'{.u.r) -m{n;) = 100 GeV)
M mass (for m[WR) =1 Tev)

Wy mass (for 230 < m{N) < 700 GeV}

H* mass
q* mass
Axigluon mass

| | L L 1111 lScaIﬁrlresalnani:eTnass

der =(0.031 - 1.60) fb'

ATLAS

Preliminary

ys=T7TeV

SUSY mass limits pn
g~,g~ in the range
0.5-1.0TeV

w, =2 (Within constrained

models)

*Only a selection of the available results leading to mass limits shown

10

Mass scale [TeV] =
45



95% CL Limit on c/cSM

Summary of Higgs searches (all channels combined)

— T T T T T T T T T 1 1 T T T T T T T T E T T 1 T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -
- ATLAS Preliminary ~ CLs Limits 1@ [ ATLASPreliminary  CLs Limits E
i 1 % [ j
i —— Observed ] S i — Observed |
---- Expected J' . = ---- Expected j .
10 mWtio Ldt=10230 1 E q0p e Ldt=10231b"
- 4 \s=7TeV 3 = \s=7TeV .
[(J+26 a F [J+20 .
O\O — _
1] - |
[0)]
TE W R e = 1 =
10-1 TS NN TR NN (NN NN TN SN SN SN SN TN AN SN NN SHNNE SN SR SHNN N SN N SN 10.1 PR N NN S TR TR T TR TR S (NN SR SR S (N SR S SN NN S S S N T S A
200 300 400 500 600 120 140 160 180 200 220 240
my, [GeV] my, [GeV]

® Excluded by ATLAS at 95% CL
® 146 — 466 GeV except 232-256, 282-296 GeV
® Expected to be excluded (if no signal) at 95% CL
® 131 -447 GeV

® the best motivated low mass region (EW fit: m,<161 GeV 95%CL)
still open to exploration

2011/10/20-22 JINNOUCHI pp LHC 46



