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The Standard Model precisely describes both 
electroweak and strong interactions. No significant 
deviation from its predictions was observed so far.

But:
� it has ~20 free parameters

� particle masses are generated by Higgs mechanism, 
not determined within the Standard Model

� Higgs particle was not observed so far

� Standard Model does not explain
² existence of 3 generations of fermions
² mixing between different generations

Strategy for the near future:
� find Higgs particle or exclude its existence in the 

region allowed by theory (~1 TeV)

� look for deviations from the Standard Model

� search for new particles (~50 GeV — ~5 TeV)

Needed tools
� accelerator: LHC
² high energy: 14 TeV 
² wide energy range “for free” in pp beams
² high luminosity 1034cm-2s-1

� detectors: ATLAS, CMS, LHC-B, ALICE
² universal (e, γ, µ, jets, missing energy)
² fine grained (large number of particles): ~107 channels
² fast (high luminosity): 25 ns bunch crossing

Particle physics today
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QCD
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tt̄H0
SM → l±νqq̄bb̄bb̄

mH0 = 115 GeV/c2
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Karl Jakobs ECFA/DESY workshop, St.Malo,April 2002



Karl Jakobs ECFA/DESY workshop, St.Malo,April 2002

ATLAS Higgs discovery potential for 30 fb-1

• Vector boson fusion channels improve the
sensitivity significantly in the low mass region

• Several channels available over the full mass range

(important for Higgs boson parameter determination)
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A, H -> ττ  -> 2 τ-jets + Et
miss  + X

Et
τ-jet > 60 GeV,  1/3 prong sel. with pt

h(max)> 40 GeV, Et
miss > 40 GeV, .φ (j1,j2) < 1750

Et
miss rejection factor for QCD  ~ 20 (present ORCA study)

QCD
QCD
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Sig. ~ 5.4
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Signal superimposed on the total background for 30 fb-1
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LHC  experiments  are  expected  to  explore   SUSY  in  a  decisive  way. 

The  plausible  part  of  parameter  space  of  the SUSY  models  
will be  explored  in  a number  of  characteristic  signatures.

The  ultimate  SUSY  reach  in  terms  of  squark/gluino  masses  is  
2.5 - 3 TeV (mSUGRA) with  300 fb    ;  in  the  worst  case  of    
degenerate  gaugino  masses  (and  heavy  squarks  and  sleptons)   

 −1

the  gluino  mass reach  is  still  expected  to  be  ~ 1.5 TeV.

With  integrated  luminosity  of  100 fb 

The  cosmologically  preferred  region  of  mSUGRA  parameter  space
( 0.1<  Ω h

2
< 0.3 )  is  found  to  be  within  the  LHC  ultimate  reach.

Large   domain  of  mSUGRA   parameter   space   where    χ
~ 0

2
into  leptons (direct  3-body  decay  or  cascade  one  via  sleptons)  is
explorable   in   2(3) leptons  (+ E  T + jets)   channels  with  corresponding  
observation  of   dilepton  mass  edge  used  in  various  mass  reconstruction 
methods.

  −1
 the       mass  reach 

in  2 leptons + no  jets +     TE channel  is  ~ 340  GeV
l
~
  L

(up  to  440 GeV
if  m LSP ~ (0.45   0.6) . m

l
~
  L

).-

For  moderate  values  of  tan  β  the  range  of  χ
~ 0

2  mass  explorable 
   −1

.

 decays
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2nd  ECFA/DESY  Study  on  Physics  and  Detectors  for  LC .  Obernai,  October  17,  1999

S. Abdullin,  Search  for  SUSY  at  the  LHC 

With  integrated  luminosity  of  100 fb 

  T

methods.
  −1

 the       mass  reach 
in  2 leptons + no  jets +     TE channel  is  ~ 340  GeV

l
~
  L

(up  to  440 GeV
if  m LSP ~ (0.45   0.6) . m

l
~
  L

).-

For  moderate  values  of  tan  β  the  range  of  χ
~ 0

2  mass  explorable 
in  3 leptons + no  jets +          reaches  150-155 GeV  with  100 fb   .

   −1
.

    TE

Decay  of  the  lightest  SUSY  Higgs  into  bb
 −

can  be  observed 
with  S/B  ratio  of  ~1     in  a  wide  range  of  mSUGRA  parameter  space 
(where  χ

~ 0
2 χ 0

2

~
h).

  

With  integrated  luminosity  of  100 fb

−1

  stau  mass  in  the  minimal
 GMSB  model  (for  high  tan   β  , M / Λ  = 200,   Λ= 50 -300  TeV)
 can  be  measured  in  the  range  from  90  to  700 GeV.

In  a  R-parity  violation  scenario  with 

The  χ
~ 0

1  lifetime
 can  be  measured  from  1cm  to  1 km  for  σ  SUSY

  > 100 fb   .

λ ijk   =  0
the  parameter  region  explorable  with  integrated  luminosity  of 10 fb

    −1

  squark/gluino  of  ~ 1.5-1.8 TeV.

  −1

 extends  up  to  masses  of  

 ( purely  leptonic  decay)
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0RQRSROHV DUH SDUWLFOHV ZLWK RQO\ RQH PDJQHWLF SROH
LQVWHDG RI WZR�

7KH\ FRXOG EH REVHUYHG DW /+& WKURXJK KDUG SKRWRQV
SURGXFHG LQ WKH SURFHVV�
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7HFKQLFRORU LV D QHZ VWURQJ
LQWHUDFWLRQ DW KLJK VFDOH�

,W SURYLGHV DQ DOWHUQDWLYH
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&DQ ZH GLVFRYHU DW /+& VRPHWKLQJ XQH[SHFWHG"
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Original formulation:
$OO SKHQRPHQD RQ IODW� WZR�GLPHQVLRQDO
(DUWK FDQ EH H[SODLQHG E\ LQWURGXFLQJ
WKH WKLUG �YHUWLFDO� GLPHQVLRQ � 2O\PSXV�

���	�
����������
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;
<

=

7KH LGHD ZDV PRGLILHG E\ 1�$UNDQL�+DPHG�
6�'LPRSRXORV 	 *�'YDOL �$''� ZKR SURSRVHG
H[WUD GLPHQVLRQV FRPSDFWLILHG DW 5 a� PP�

7KH LGHD ZDV PRGLILHG E\ 1�$UNDQL�+DPHG�
6�'LPRSRXORV 	 *�'YDOL �$''� ZKR SURSRVHG
H[WUD GLPHQVLRQV FRPSDFWLILHG DW 5 a� PP�

Original formulation:
$OO SKHQRPHQD RQ IODW� WZR�GLPHQVLRQDO
(DUWK FDQ EH H[SODLQHG E\ LQWURGXFLQJ
WKH WKLUG �YHUWLFDO� GLPHQVLRQ � 2O\PSXV�
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5DQGDO DQG 6XQGUXP SURSRVHG
WR FRPH EDFN WR WKH DQFLHQ *UHHN LGHD
RI WZR ZRUOGV �EUDQHV� VHSDUDWHG
LQ WKH H[WUD GLPHQVLRQ �EXON��
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� *UDYLW\ VWURQJ DW \ � DQG IDOOV OLNH H[S��N\�

� *UDYLW\ VFDOH Λπ  03ODQFN H[S��NπUF� a 7H9
² QR KLHUDUFK\

� *UDYLWRQ UHVRQDQFHV PQ  [Q N H[S��NπUF��
-��[Q� �
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Various gravitons, coupling = 0.01 (Pythia)
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Various (0.2, 0.1, 0.02, 0.01) couplings, Mass = 3TeV (Pythia)
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