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!   Introduction!

!   The (selected) latest ATLAS results of !
!   The standard model measurements!
!   Higgs boson searches!
!   New physics searches!

!   Future plans!

!   Summary!



page3 Introduction 
!   The standard model describes phenomena observed so far!
!   Higgs mechanism in SM is an effective description of EWSB, 

but Higgs boson has not been discovered yet!

!   The SM breaks down at a certain energy scale!
!   Hierarchy : quadratic divergence of the Higgs mass, !
! ! !   Weak scale << Plank scale!

!  What is the underlying nature of EWSB?!
!   Dark matter cannot be explained by SM!

!   ATLAS experiment aims at discovering !
!   the new phenomena by precise measurements of the SM,!
!   the Higgs boson(s), and !
!   the new physics beyond the SM directly (SUSY?, ED?)!

 It is essential to discover the Higgs boson!

 New physics should exist to explain the particle physics !
   at TeV scale !

SM physics"

Higgs searches"

New physics"



page4 LHC-ATLAS experiment 

p-p collider at √s = 7TeV"

6 collisions/crossing"

peak luminosity:"
2.4 × 1033 cm-2s-1"

Z  μμ event with 11 collisions"

27km in circumference"

ATLAS:"
25m × 44m"
general 
purpose 
detector"

We made much 
progress on 
understanding 
detector 
performance 
with pileups!



Standard model measurements!



page6 Standard model measurements 
Most standard model processes have been already measured. "



page7 ppW/Z + X 
Most standard model processes have been already measured. "

W mass"

Z mass"



page8 top quark pair  
Most standard model processes have been already measured. "



page9 
Most standard model processes have been already measured. "

diboson production : ppZZ  
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!   We are moving on new phenomena searches from the precise  
measurements of QCD and Electroweak physics!
!  W charge symmetry, Triple gauge coupling…!
!       resonance, tH±b decays, bare quark V-A interaction…!
!  …!

!    Success of the well-know SM measurements allows us to look 
for Higgs boson and new physics BSM!

€ 
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Higgs boson searches!



page12 Higgs production and decay 
!   Higgs production!

!   Higgs decay!
!   High mass Higgs!

•  H WW(*) lνlν, lνqq!
•  HZZ(*)  4l, 2lqq, 2lνν!

!   Low mass Higgs !
•  Hbb, ττ, or γγ 

arXiv:1101.0593"

gluon fusion (GF)!Vector boson fusion (VBF)!

Associated production with W/Z, top quark!
(WH, ZH, ttH)!

arXiv:1101.0593"

gluon fusion"

VBF"

WH"
ZH"
ttH"



page13 Higgs searches at ATLAS 
!   Hγγ!

!   rare, the best for low mass !
!   WH/ZH, Hbb!

!   Hbb can be used for associated 
productions!

!   Important for Yukawa-coupling!
!   Hττ!

!   good S/N, for low mass !
!   HWW!

!   lνlν : intermediate mass range !
!   HZZ !

!   4l : golden channel!
!   llνν : high mass search!
!   llqq : high mass search 

L = 1.08 fb-1"

L = 1.06 fb-1"

L = 1.04 fb-1"

L = 1.70 fb-1"

L = 2.2 fb-1"

L = 1.04 fb-1"

L = 1.04 fb-1"

pp"



page14 Hγγ : L=1.08 fb-1 

!   Event selection!
!   Two high quality isolated γ!
!    pT1>40GeV, pT2>25GeV !

!   Background (from control sample) !
!    pp  γγ+X (irreducible)!
!    pp  γ-jet, jet-jet +X  (reducible)!
!    Estimated from control samples !
!  isolation and identification criteria !

!   Events are classified into 5 categories!
!    direction of γ in η, !
!    converted or unconverted!

!   Fit is performed to extract # singal!
!   Exponential (background)!
!   Crystal ball (signal)!

Mass resolution ~1.7GeV"

5xSM"



page15 HWWlνlν : L=1.7 fb-1 
!   Event selection!

!   high-pT opposite sign 2 leptons!
!   large ET

miss !
!   Events are divided into two categories !

•  WW with 0 jet (jet veto)!
•  WW with 1 jet with pT>25GeV |η|<4.5!

!   Topological cuts (pT
ll, mll, Δϕll)!

!   0.75 × mH < mT < mH!

!   Backgrounds!
!  WW diboson!
!   top quark!
!  W+jets!

  

€ 

mT = (ET
 + ET

miss)2 − (PT
 + PT

miss)2

- ΔΦll is small!
 ΔΦll < 1.3 (1.8)!
- mll is also small!
 mll < 50 (65) GeV!



page16 HWWlνlν : L=1.7 fb-1 

!   counting method 

ΔΦll before ΔΦll and MT cut" MT before MT cut"

exp. 
total 
bkg. 

data sig. 
150GeV 

0-jet 53±9 70 34±7 
1-jet 23±4 23 12±3 

0 jet" 0 jet"

1 jet" 1 jet"



page17 HZZ: L=2.2, 1.04 fb-1 
!   Event selection!

!   2 isolated same-flavor leptons, Z mass window cuts!
!   For H ZZ 4l !

•  Another isolated same-flavor lepton pair!
•  m4l is the final discriminating variable!

!    For HZZllqq !
•  third lepton veto!
•  at least 2 jets!
•  ET

miss<50GeV !
•  mlljj is the final discriminating variable !

!   For H ZZ  llνν !
•  third lepton veto!
•  ET

miss > 66 (82) GeV, depending on the “low” (“high”) mass analysis!
•  mT is the final discriminating variable!

€ 



page18 HZZ: L=2.2, 1.04 fb-1 
!   Backgrounds!

!   H ZZ4l!
•  irreducible ZZ!

!   HZZllqq!
•  Z+jets!

!   HZZllνν!
•  diboson, top quark, W/Z+jets!

H ZZ4l, 27 events, 28 ± 4 expected"



page19 Limit for each channel 

Hγγ"

HWWlνlν"
HZZ4l" HZZllνν"



page20 Combined limit 

146GeV < mH < 232GeV"
256GeV < mH < 282GeV"
296GeV < mH < 466GeV"

SM Higgs of" is excluded at 95% C.L."



New physics searches!



page22 This talk will cover 
!   Supersymmetry (with ET

miss)!
   Decays end up with LSP!

!   Jets + ET
miss!

•  Squark and Gluino production is dominant!
!   Lepton + Jets + ET

miss!

•  leptons from Charginos, Slepton, W/Z  !
!   3rd generation (b-jets+ET

miss)!
•  gluinos preferentially decay to 3rd generation!
•  direct production require >1fb-1!

!   Heavy particle resonances!
    Predicted by numerous extension of the SM!

!   dilepton!
•  Randall Sundrum KK graviton, GUT-inspired Zʼ…!

!    Dijet!
•  Exited quark, strong gravity, contact interaction 

0-lepton"

1-lepton"



page23 SUSY : jets + ET
miss 

!   Cut on pT of jets, ET
miss !

!   Signal regions are optimized to maximize sensitivity to 
different production processes!

!   Main backgrounds are W/Z+jets, top quark, multijet!
!   Estimated from one or more dedicated control regions!

  

€ 

meff =
 
P T

jet∑ + ET
miss up to mSUSY~1TeV is excluded,!

for m(squark)=m(gluino)!



page24 SUSY: 1 Lepton + jets + ET
miss 

!   Event selection (4 signal regions)!
!   Exactly one isolated high pT lepton (from chagino,slepton, W/Z )!

•  suppress QCD background, help in trigger!
!   3 or 4 jets!

!   Backgrounds!
!  W+jets, multijets, top quarks (data driven estimation with support of MC)!

up to mSUSY~875GeV is excluded, for m(squark)=m(gluino)!



page25 SUSY : b-jets + ET
miss 

!   Event selections (4 signal regions)!
!   3 high pT  jets!
!   ET

miss > 130 GeV !
!   ≥ 1 b-jets or ≥ 2 b-jets !

!    Backgrounds!
!  W/Z+jets, top quark (from MC), multijet (derived from data) 

gluino mass below 720GeV (and sbottom mass up to 600 GeV)!
 is excluded with 95% C.L.!

€ 

˜ g → ˜ b b →bb ˜ χ 1
0



page26 Heavy resonance search : dilepton 
!   Benchmark models for Zʼ!

!   Sequential SM (i.e. same coupling to fermions as Z)!
!  GUT-inspired heavy Zʼ!
!   Randall-Sundrum Kaluza-Klein graviton excitation (G*)!

!   Event selection!
!   Isolated same flavor lepton pair!
!   reconstruction of high pT of lepton is challenging 

95 % CL. Mass Limits:!
ZʼSSM 1.83 TeV !
G*     1.63 TeV!



page27 Heavy resonance search : Dijet 
!   Benchmark models !

!   Exited quarks (q*)!
!   axigluons!
!   Color octet scalar!

!   Analysis!
!   Look for the resonance above 

phenomenological fit of the mjj data!

m(jet-jet) = 4 TeV     Missing ET = 100 GeV!



page28 Summary of the current searches 
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Mass limit (95 C.L.) 
SUSY < 1 TeV 
Heavy gauge boson < 2 TeV 
Excited quark < 3 TeV 

Search for new physics in TeV scale is begun !

No hint of new physics in LHC data yet, unfortunately!

Especially, SUSY was not around the corner!
    We might re-consider the SUSY scenarios !
           SUSY is heavier?  !
                         degenerated (pT of jets/lepton is lower)?.. ?!



Future plan!



page31 10 years plan 

7~8TeV  13~14TeV 

 ~100fb-1 

2022 

LS3 

Installation of 
the HL-LHC 
hardware. 

Preparation 
for HE-LHC 

HL-LHC"
peak luminosity 5×1034cm-2s-1!

longer lifetime!

Goal:"
200~300fb-1/year"
3000fb-1 in total??"

14TeV    ~300fb-1 

Not approved"

L ~ 1034 cm-2 s-1! L ~ 2×1034 cm-2 s-1!



page32 Future Plans 
!   by 2012!

!   3σ observation of Higgs up to 120 
GeV will be achieved (only ATLAS)!

!   SUSY ~ 1TeV!

!   From 2014 – 2021(√s=13~14TeV)!
!  More searches for new physics!
!   Higgs property measurements!

•  Yukawa-coupling   !

!   HL-LHC (<3000fb-1)!
!   Can add Hμμ for Yukawa coupling 

measurement?!
!   New physics using high-x partons!

•  advantage of p-p collider  !

600fb-1 →　3.5σ!
6000fb-1 →9.5σ!



page33 Summary 
!   LHC is delivering data of p-p collision so well!

!   ATLAS has produced an impressive number of results!
!  Most standard model process has been measured!
!   High mass Higgs starts excluding!
!   Large parameter space of the new physics starts excluding!

!   Unfortunately, new physics didnʼt seem to be around the corner!

!   We have many rooms to be explore !
!  more 7 TeV or 8 TeV collision data until 2012!
!   13-14 TeV data from 2014 to 2012!
!   HL-LHC will follow 



Backup slides"



page35 Detector performance 
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Most standard model processes have been already measured. "

diboson production : ppWZ 

W mass"
Z mass"



page37 WHlνbb / ZHllbb : L=1.04 fb-1 
!   Event selection!

!  Wlν or Zl+l-!
!   exactly two b-jets with pT>25GeV!

!   Backgrounds!
!  W+jets, Z+jets, top quark, multijet!

20xSM"

20xSM"

WH"

ZH"

4.5 evts (exp.)"

1.6 evts (exp.)"



page38 HWW (mH=120GeV) 



page39 Hττ : L=1.06 fb-1 
!   Hττl τhad 3ν (lepton-hadron)!

!   Event selections!
•  one lepton from !
•  1 or 3 tracks in a calorimeter jet!
•  ET

miss > 20GeV!
•  MT(l, ET

miss)< 30 GeV 



page40 Yields (Higgs analysis)  



page41 Systematic uncertainties (Higgs) 



page42 list of models × signatures 

From LP2011 presented by Henri Bachacou 

Experimentally,"
a signature 
standpoint 
makes a lot of 
sense:"

  practical"

  less model- "
    dependent"

  important to "
    cover every "
    possible    "
    signature"



page43 list of models × signatures 

From LP2011 presented by Henri Bachacou 



page44 Wʼ searches 
!   Benchmark models for Zʼ!

!   Sequential SM (i.e. same coupling to fermions as W)!
!   Event selection!

!  One Isolated lepton & large ET
miss 

Mass of WʼSSM up to 2.15 TeV is excluded at 95% C.L. !



page45 WW yields 
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