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Luminosity is essence for Hadron collider
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Bunch Structure of beam
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LHC schedule
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8TeVi=& BRMEFE Higgs 25 %<HLNDAT 1> (4DL)
1.5TeV ELYSUSY 0 > 2fZ (KELHK)

ratios of gluon-gluon luminosities:
8TeV/7TeVand 9 TeV /7 TeV

(i.e. increase in
production rate)
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ATLAS $RHH 3§ #3000 A OER M

2 Detector characterisiie\
Muon Detectors Electromagnetic Calorimeters Width: 44m N

ﬁ Diameter: 22m
< Weight: 7000t
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CERN AC - AT/ i
1

End Cap Toroid

Resolution
(Pt=100GeV)

e, Y 15%
Barrel Toroid Inner Detector ‘ sl éalorimeters ' Shielding Muon 2-3%
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o KE7iDetector: INTGUVAR BEDINTA—T R EITH{KELSP/P~P/(BL2) LTHA
eAccordion Shape of /&{K Ar hOA—43 (FREGHEETTE ., BBITE15E. Fine granuarity)
elLarge air-core toroidal magnet Sa—#A>VRXTL (FAAKRER)
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QCDY T YhER | |
highest 2 jet mass

PT_1=1.8TeV PT_2=1.8TeV  Mjj=4TeV x~0.6

12 EXPERIMENT

RN Number: 179938, Event Number: 12054480

Date: 2011-04-18 17:57:29 EDT
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9 Forward jets

VBF

W, Z

association production with W+Z

I | 1 I i I I

\s=7 TeV

Higgs (M=12
GF 0~10-15pb
VBF 0~ 1-1.5 pb
WH/ZH ~ 0.5pb

| |

200

Al BE

association production with top/b
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M, [GeV]

BI#EE LGauge HIFEDTER LR RIZRBIEN

LHC HIGGS XS WG 2010

0



ARER 575 b

o * Br

L 10 T T T E
Higgs decays into heavy particles: S - \s=7TeV SM
5 important decay channels: _ & ]
o N H‘A;H“H‘gecaywdth X 15 WW —Fvgq 3
frme o f
g i 10_1§ WW|+‘V|V _;
g €rr g9 S ’ 7Z — I1qq .
-~ ® 5 F 102 "\‘ 77 — I'Tww >
r mhmf [ e E
L H—tt N A
102 5 ‘ ZZ — 11 B}
107¢ “\VBF Mot l=e,u NS
C WH — Fvbb\ ™, V= vevu Ve
J A Meb| \ N\ q = udscb 1
10° 700720 7140 160 180 200 10700 200 300 400 500
M, [GeV] M, [GeV]
BEEDF oI
GF(H->yy, WW(lvlv), VBF(tautau), WH(bb)
Br = 2*10-3 small but clean (M(H)~ 120 GeV)
GF ( H> WW(lvlv), WW(lvqq),ZZ(4l), ZZ(llgq))
bb, TT, vy mh < 135 GeV (M(H)>130GeV)

WW,ZZ mh> 125 GeV

o * Br~0.01-1 pb



Production o of the SM background processes

s
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20000

15000
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0 ) J/

Gauge boson production
factor ~ 104

=7 TeV

~ Il 165 pbNNLO

t+ X
- § (r-chan)
) 63 pb NLO
tW W+W_
10.6 pb 43 pb
t+ WZ

18 pb ZZ
59 pb

”
top
factor ~ 100

Di-boson irreducible
factor ~ 10

Fake lepton: Jet is misidentified as lepton (Prob. 10%)
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bb TT YY B ww ZZ

— |
114 120 140 180 200 250 300 400 500 600

Mh<120GeV H->yy is sensitive MH(GGV/CZ)

Mh=120-125GeV H->WW,yy, ZZ->4lepton
Mh=125-130GeV H->WW,ZZ->4l, yy
Mh>135GeV H->WW,ZZ
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Events / 1 GeV
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5 | Trials Factor of ~20 Not Included ~ CMS preliminary
g Local Significance: 2.30 Vs=7TeVL=4.76fb"
& 1E Global Significance: 0.80

Observed Asymptotic

e —+— Observed Ensemble e

 mmmms 1xSM Higgs Median Expected o
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CMS  124GeV 2.3c (1%)
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[B] H>ZZ->4lepton

Good resolution of Lepton(e.mu) (AM,~ 3GeV) _ -
Small BG ( Almost BG free Mh<180GeV) -> Gold-plated /.. & o,

But Statistic is limited, since Br(Z->ee,mumu) is small o T E 3

EXPERIMENT
http://atlas.ch

@ATLAS

Run: 189280
Event: 143576946
2011-09-14 12:37:11 CEST




= — 75 ZIZ on-shell |MII-Mz| < 15 GeV
22* -> pp eeDIEHH 35— A off-shell  MII>15GeV

ATLAS

EXPERIMENT

http://atlas.ch

Run: 182796
Event: 74566644
2011-05-30 07:54:29 CEST




13 observed (9.5+- 1.3 expect)

M, distributions
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— T HNBEEFLEEELWNVET,

(TEQBETHLND DEEIHLE: CME365BFETHLITAE. 0.3%
17A 1BOHRT—H9T5 0.03%
18 1/1FETHEHBE, 10° T HERXRIIHEHEITIKETS)

Higgs 2Z-> 4llZH E B &
125GeV(local) MBGM 55 DWNT, I=FE-FEIHKEBINIFERIL 2.10(1.8%)
115-146GeV(E E TDexcludeSN TELVFELE) D £ 1K (global) TH-FE-F3F
RICPATIZERAISN SHFEEREIL ~30%
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0 jet analysis
= 1jet( with b-jet veto)

INVDTSIUE WW
INVDTSIUE i, WW

- 2jet(Forward jet for VBF) /\wO5 5O K

AD(ll) Azimuthal angle between

M, (Transverse mass)

dilepton
Higgs Spin0 Za—k) /M2 KFTNDDT
. BENBERHE R
2 > MTZ =(E-|-” _|_E_I_m|ssmg)2_(PTII +P_|_m|ssmg)2
@ e- e+
Signal M; < M,

Higgs spin 0

WDRE U [F X MAE

W®Dleptonic decay 100% ParityBi>TL\V5
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entries

CMS: Multivariate analysis
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ATLAS combination
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CMS combination
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Signal strength
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(2) SUSYT=&T 4L, LVALVA

Minimal model
A ~ V6 mstop stop mixingMRKELLELNE MEY D45

ADY/INELYMinimal model
10TeV order MSUSUY mass [ZZEY . DM, muon g-2&EDE S &

NaiveZZGMSUSY(L - SNAELB
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Gluino/squark B ZUHICHE T,

NRT—RERIR
max( q,q
. ( % i) i, <= (high) Pt jet

min (g.q)

£.b —Ptjet

~ ~ \

X1 Xg jet

S

(missing) \Iepton

Higgs->bb

LHC is DM-factory

Event topologies of SUSY

multi leptons
ET + High P jets + b-jets
T-jets




5V LELLKMRAC—R5E
Colored sector
ot =y 4 )\
LEP2 EA{, Njet>=3
NLSPZ i ~~ o~~~ <
/108884
A s " 3 N
mE; K et~
N 99
\ J
Narvwn
carried by B-jet(s)
LSP )
SUSY t,b

Without
mE;

Exotic signal  NLSp metastable or

LSP unsable

Standard mE; signal

EW sector .

Nothing (or soft jet)] General MSSM
. General
One lepton General MSSM

Dilepton, 3L General , Small m0

tau, di-tau ] GMSB, large tanf

Photon(s) J GMSB

Exotlc particle

~

8 LSP/LL

Multi-leptons+(jets)+ (mET)]

Displaced Vertex ] 100u

Kink/Disappearing track(chargino, stau)] 10 cm

[R-hadron Stop in Hcal or mE; ] 0
> m

Heavy Stable charged track
(stau,R-hadron) TOF in MS, Hcal




No Lepton E—F

high PT >= 4 Jets & Large mET & mET l;l: jetd A [ TELY

> > 5 B [ ' [T T T T A
5 . 8 10 E_ . Data2011(\s 7TeV) 3
2102 Eil CMS Preliminary 3 J‘L dt=1.04 16" Eg“gg et :
: I Ilil 1.1 b, \s=7 TeV g 104? Four Jet Channel =\£\:§: §
2 = - s : il
% 1eor u,=4 jets (40 GeV) E 10° . |:Itst 'anf SSS(%E 0tf32p40‘0’10) .
< 5 ATLAS Prelimi ]
m 10: 102 E_ reliminary _E
: | b ATLAS L=1fb
| oo* l' 1;_ _;
lf U’l I g 2.5_ ;
[l A L < 2 E
100 200 300 400 500 600 700 £ 5 Sar
B, [GeV] & os— =T fojf
0 500 1000 1500 2000 2500 3000
Neutrino from W/Z £, T2 55 L PT Meyr [GeV]
F T mETFEITTIXES Meff >1000GeV (mET/Meff>0.25 mET>250GeV )
Scalar sum of Jet activity(HT) Data 40 events
CMSIE HT BG 33.9+-2.9+-6.2 (Z16 W13 t4)

ATLASIEX Meff= mET+ 2 PT (jet)
3 candidates in high Meff region ! ! !



Candidate event (Hardest)

Run=183021 #66383304

Meff(4j) = 1810 GeV
MET  =460GeV  phi=1.8

4 high PT (>150GeV) Jets
pT=528 GeV eta=0.58 phi=-1.45
pT=418 GeV eta=0.83 phi=-0.19
pT=233 GeV eta=-0.91 phi=2.54
pT=171 GeV eta=-0.47 phi=-3.11
pT=42 GeV eta=0.47 phi=1.52

good candidate

Meff ~ 1.5 * M(squark, gluino)

If it is Sugra-like candidate
gluino,squark ~ 1.3-1.5TeV
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One lepton Mode
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Candidate events

Run=183391 #61816156

Meff(4j) = 1453 GeV

MET =317 GeV  phi=-0.34

Jets
pT=654 GeV eta=-0.07 phi=2.64
pT=305 GeV eta=-0.24 phi=-0.74
pT=70 GeV eta=-0.10 phi=0.71
pT=64 GeV eta=-1.44 phi=2.41
pT=51 GeV eta=-1.18 phi=-1.48

Electron
pT=42.8GeV eta=-1.4 phi=2.4

Nvtx =4 with 103,19,10,4 tracks

W+ jets EHFTELL




CMSSMT NaiveZiGUTZ{REL T gluino/squark production ™l [fE

termion(Gaugi GUT scal
ermion(Gaugino) mass @ SCal® . [GeV]

(o)}
o
o

500 |-

MSUGRA/CMSSM: tanp = 10, Ao= 0, u>0

0 lepton 2011 combined

L=1.0fbl (ATLAS)

] LEP2 %
[ 1D0gGq tan[a 3,u<0, 2.1 fp™
I CDFGg, tanﬁ 5, u<0, 2 fb™

eoret axcluded

-=-== CL, median expected limi
exp. limit 68%, 99%CL

%  Reference poi
— 2010d

|||||\+;4\|||}||||}||||;|’:':'||I|

500 1000 1500 2000 2500

3000
m, [GeV]

scalar mass @ GUT scale

CL, observed 95% C.L. limit

a PCL 95% C.L. limit

1‘ § (1000)\

3500

[1 1

|||!||||

e

squark/gluino ~
1.1TeV (squark ~gluino)
750GeV (heavy squark)

Dark matter CHAfF SN 5 FEIE

(1) Bulk region

(2) Focus Point (Large mO )

(3) small mO
coannihilation

gluino~ 1.3-1.5TeV
muon (g-2) ALV ETH
—NIEXE FcheckTES

Naive DM over-close our Universe(Q>>1) !!

Bino DMIEM7ZEYZDLN




CMS has obtained the similar results. No excess was found and

gluino ~ 1.2TeV,

CMS Preliminary

(N

400

0

3
SARRS

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

L,=11m" {s=7Tev
@le

erved

~' .
~
5..,

. \
200 400 600 800 1000

B COF .3, tanf=5. u<0.
DO §.7, 13,40 ]
B LEP2 ¥
LEP2 T
a. CMS 1.1 b

— Observed 2010

L=1.1fb"? (CMS)

llllllll

g(1000)Gev

g(500)Gev

1200 1400 1600 1800
m, (GeV)

squark ~ 1.1 TeV are obtained.

They applied tight

cut (Best limit is obtained
With tight selection.

1 event obs. 1.5 expect.)

At Large mO

gluino ~ 600GeV
gluino only
3body decay
high Jet multiplicity
s mall mET
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_ q .. o 0-45_ A 4 nu2=900
o |5 EBBEREIE strong :
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1200F -, /0 T 00 200 300 400 500 600 700 800 900
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A A
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S R e L T N
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I . (coloured vs LSP)=400GeV (@ 14TeV)
__________ :2TeV
400F [ = N .
________ = CNMLHCTY IL— vl
g:1TeV AM < 300GeV (@7TeV)
200+ = .
q:1TeV
Ag=0,tanp=35u>0 |5
o BT s | No SUSY found @ LHC (1) heavy colored (2) degenerate

mo (GeV)

(3) NoSUSY @ TeV scale.



Dark Matter (1) Higgsino/Wino DM

Higgsino Dark matter case: In mSugra Higgsino mass () is calculated &
|| ~ m1/2 except for Focus point. (but it is over-constrained )
W is smaller than 0.4*m1/2 -> Higgsino like LSP dark matter
higgsino DM can annihilate much more,
also || can be small in more relaxed model
LHC phenomenology (A) jets + mET + bjets (Higgsino coupling)
(B) Long cascade high jet multiplicity & less mET

2?:(( %,’%)) |} < (high) Pt jet rr]:i}r)w((( %’%)) |} < (high) Pt jet

b,t Branching ‘ \L é—met Bino/Wino éﬁuet
increase — o~ Y ——

X, X é"et X, X é"et
Higgsino Like %% \y ‘L J|ept‘z?1ﬁ Pe v v Jlepton
denegerate (missing) \ | (missing) \

Higgs->bb Higgsino Like Higgs->bb
denegerate

No excess No excess



If GUT relation is assumed

Da rk IVl atte r (2) M1(Bino) = M2(Wino) = M3(Gluino)

Limit on Bino mass is 180GeV

(2) Heavy Colored particle. @ GUT M3(gluino) > M2(Wino)=M1(Bino)
Colored particles are too heavy to be produced @ LHC, but Bino is still
about 100GeV

LHC pl'(eqomenology EW gaugino direct production

Impossible LHC @ 7TeV
600 max('g.q )
- IR Al & <= (high) Pt jet
ted min ( 9 o ) \L T
@ 400 ———Ptjet
> ——— Y
% X1+ Xg < jet
i 200 %’o V v
% 1 (missing) \
-
[a st i -
; Gaugino Direct Production Higgs->bb
: 1 is only possible signal.
Y | SSdi-lepton or 3L
200 D e but still not yet have enough sensitivity.
Log,,(Q/GeV)

Sensitivity should be up, tight LID + ISR + optimization



If GUT relation is assumed

Da rk M atte r (3) M1(Bino) = M2(Wino) = M3(Gluino)

Limit on Bino mass is 180GeV

(3) If all SUSY particles are degenerate same as UED:
jets emitted from the cascade becomes sofft.

Jet(highP,)
LHC phenomenology: ISR jet + soft object ISR
é’Jet(lowPT)
AM/M=20% q ) —1
*1/R=700 GeV _sesgev __________ 2(g) J(%Jet(lowﬂ)

qa) T aw

ISR Trigger is low efficiency
(~5%)

- soft-lepton combined trigger
(1) multi soft leptons
(2) soft lepton + jets

Solid : dominant -~ . Y _
Dotted : rare 700GeV 71:"‘\"
1



ATLAS Exotics Searches* - 95% CL Lower Limits (Status: Dec. 2011)

________________________________________ I | L I I | L
Large ED (ADD) : monojet Mp (8=2)
Large ED (ADD) : diphoton Mg (GRW cut-off) ATLAS
UED :yy + ET,miss Compact. scale 1/R (SPS8) Preliminary
‘é RS with k/M, = 0.1 :yy, ee, uu combined, m, Graviton mass
2 RS with k/Mp, = 0.1 : ZZ resonance, my, Graviton mass J-Ldt =(0.03-2.1) b
g RSwithg  /9.=0.20 :Hr+ Eyp oo KK gluon mass {s=7TeV
o Quantum black hole (QBH) : my,,, F(x) M, (8=6)
a QBH : High-mass o, My
ADD BH (M, /M=3) : multijet, Zp _, Ny, Mp, (5=6)
ADD BH (Mqy /Mp=3) : SS dimuon, Ny, ;an M, (8=6)
______________ ADD BH (My, /My=3) : leptons + jets, 2p, My (8=6)
— qqqq contact interaction : Fx(mdijet) A
© qqll contact interaction : ee, uu combined, m, A (constructive int.)
< SSM :mg.,., Z'mass
................................................. SSM My, W' mass
o Scalar LQ pairs (f=1) : kin. vars. in eejj, evjj |L=1.0tb"(2011) [Preliminary] gs0cev 1 gen. LQ mass
- Scalar LQ pairs (B=1) : kin. vars. in pjj, Lvjj |L=35pb” (2010) [arXiv:1104.4481] 422Gev 2" gen. LQ mass
s 4" generation : coll. mass in Q Q,— WaWq. Q, mass
S 4™ generation : d4a4—> WtWt (2-lep SS) d, mass
{,. ........... T.Tftth gen. tf"'AQAO T-lep +jets + Ey o T mass (m(Ao) <140 GeV)
Techni-hadrons : dilepton, m, p /o mass (m(p /o) - m(nr) = 100 GeV)
Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W ) = 1 TeV)
Major. neutr. (LRSM, no mixing) : 2-lep + jets W g mass (230 <m(N) <700 GeV)
(DY p.rod., BR(Hfi—>%1u)=1) PM - ie-sign
E’ Excited quarks : y-jet resonance, myjet q* mass
e} Excited quarks : dijet resonance, my;,, g* mass
Axigluons : my, Axigluon mass
Color octet scalar : my;, Scalar resonance mass
Vector-like quark : CC, m Q mass (coupling k,q = v/mg)
_________________________________ Vector-like quark : NC, myq Q mass (coupling koq = v/my)
11 1 111 | 11 1 1 111 | 11 1 1 111

10" 1 10 102
Mass scalegTeV]

*Only a selection of the available results leading to mass limits shown
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2011 Physics Proton Trigger Menu (end of run L =3.3 1033 cm2s1)

Trigger Selection L1 Rate EF Rate (Hz)
. . (kHz) at 3e33
Offline Selection
L1 EF at 3e33

Single leptons Single muon > 20GeV 11 GeV 18 GeV 8 100

Single electron > 25GeV 16 GeV 22 GeV 9 55

2 muons > 17, 12GeV 11GeV 15,10GeV 8 4
Two leptons

2 electrons, each > 15GeV 2x10GeV 2x12GeV 2 1.3

2 taus > 45, 30GeV 15,11GeV 29,20GeV 7.5 15
Two photons 2 photons, each > 25GeV 2x12GeV 20GeV 3.5 5
Single jet plus MET Jet pT> 130 GeV & 50 GeV & 35 GeV 75GeV & 55GeV 0.8 18

MET > 140 GeV
MET MET > 170 GeV 50 GeV 70GeV 0.6 5
Multi-jets 5 jets, each pT > 55 GeV 5x10GeV 5x30GeV 0.2 9
TOTAL <75 ~400 (mean)

*Some increase in L1 thresholds needed in 2012 (other measures need upgrade)
*Many triggers have rate ~ E,3, raising thr. 20% gives 50% rate reduction

e|solated single lepton triggers ready in 2011, but not yet used in physics
*Factor of 2 to 3 available from tracking isolation alone at EF

*Expect to keep 25 GeV single lepton offline thresholds in 2012




CMS Preliminary \'s=7 TeV

CMS 2011 combination
TOP-11-024 (L=0.8-1.1/fb)

CMS e/u+jets+btag
TOP-11-003 (L=0.8-1.1/fb)

CMS dilepton (ee,uu,epn)
TOP-11-005 (L=1.1/fb)

[
CMS all-hadronic
TOP-11-007 (L=1.1/fb)

(——— ——

CMS dilepton (ut)
TOP-11-006 (L=1.1/fb)

I Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097

C—INLOQCD

| |

166+ 2+ 11+ 8

(val. £ stat. £ syst. = lumi.)

164+ 3+12+ 7

(val. £ stat. £ syst. = lumi.)

170t 4+16+£ 8

(val. £ stat. £ syst. £ lum)

136 £20+40+ 8

(val. £ stat. £ syst. = lumi.)

149+24+26+ 9

(val. £ stat. £ syst. = lumi.)

| | |
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CMS Preliminary, Vs=7 TeV, L=1.14 fb
Top quark pole mass from cross section
CMS (Prel., L=1.14 fb™') approx. NNLO ® MSTW08NNLO value = theo ® exp * a (m,)
A } ° ' +6.2 +3.8
Langenfeld et al 170.3 5.3 -4.0
1 H 3 Il +6.6 +3.7
Kidonakis - L +— 170.0 5.8 4.0
. : PY +6.8 +3.3
Ahrens et al 167.6 6.1-36
ATLAS (Prel., L=35 pb™') approx. NNLO @ MSTWO08NNLO
Langenfeld et al. ° 166.4 t;g
: H @ +7.8
Kidonakis 166.2 74
+8
Ahrens et al. L 162.2 7.6
Do (L=5.3 fb™) approx. NNLO ® MSTWO08SNNLO
Langenfeld et al. ° 167.5 ti?:'
: H @ +5.2
Kidonakis 166.7 * 45
+5.1
Ahrens et al. L2 163 "6
Tevatron direct measurement (July 2011) -@- 173.2 ":gg
I | | 1 | | | | | | | | | | | | | | | | | 1 | | 1
140 150 160 170 180 190

m:’°'e (GeV)
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124GeV

mH_ 119.5 GeV/&
=~4= Combined +1c

—— Slngle channel +1c

H— bb

%505 17 NELEN B N L B B R B R L B B L B

CMS Preliminary,\'s = 7 TeV
Combined, L =4.6-4.7 fbo!

H— 1t
H— vy —I—
H— WW

H— ZZ — 4l

mH =124 GeV/c?

~}= Combined +1c

—&— Single channel +1c

rvjrrrrJrrrr|rrrr

CMS Preliminary,Ns = 7 TeV
Combined, L = 4.6-4.7 fb!

o>+ IR ENE AT AN Er ST AR

1 3 4
Best fit G/O'SM

H— bb

H— 1t

H— vy

H— WW

H— ZZ — 4l

—
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-1

0 3 4
Best fit G/GSM




dN/dm.,

[D] H->tautau

CMS Preliminary 4.6 fb™! ToT
L) Al L] Al I Al L Ll

4 CMS Preliminary 4.6 fb"' \/s=7 TeV Tt
T T T ™7 T

CMS Preliminary \[s=7 TeV 4.6 fb™

mos (5) H2TT m,=120
—o— Observed

1.2

dN/dm_

@ Electroweak
CJaco
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Examples of data in VBF Channels
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- 5 :
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m,, [GeV]

tautaulo LANJLIZITE zerok¥ consistent



HZ(ll,nunu) HW(Inu)

=
R CMS Prehmmary, BDT analysis
5 | is=7TeV,L=47fb"
£ "I VH(bb), combined
- = : :
3 12L+CLsObsewed 5
% = smsas CLSEXpeCtGd
@ 10— WM CLgExpected 10
- CL. Expected=20
o~
e
lo LRNIVEIGE 2 ; . - T ;
ZerO&:E)ConSiStent o o b by ey by by e by e ey
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Hioas Mass [GeV!



[F] Heavy Higgs (ZZ->1lqq, llvv)

(1) '~ M, ®becomes wide for a heavy higgs, the benefit using “lepton” becomes less.
(2) Br(Z->ee,mumu)*c is too small for heavy Higgs

H->ZZ-llv and llqgg help the sensitivity for the heavy Higgs.

H->ZZ->llvv : OS lepton pair whose invariant mass is Mz, and large mET
MT is calculated as follow, (MT < Mh, but there is Jacobian broad peak near Mh)

m% = [\/m2 |pr|2 + \/m + |7 mlssl2:|2 _ [ n —omlss]2

CMS Prellmlnary
T T T T ] T T T T ] T T T T l T T T T I T T T T ] ] T T ]_.

CMS Preliminary,\s = 7TTeV. 46 1" |
T S S S e

3

—

45 Higgs (400 GeV) - - =
40 reJets (Data) B - SM HZZ —» 212v, 4 6™ N
Top/Vi (Data) - - e 95% CL exclusion: mean m
35 [ = - I 95% CL exclusion: 68% band -
: 95% CL exclusion: 95% band
.z —— 95% CL exclusion: observed

—ea— Diepton events (Dats)

M+ shape

v

5% CL Limit on o/a,
5

TIrryrrrryrrrryrry prryrT
| [T | | [

T IIHH]

| ]Illlll

N
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I |

-
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[F] Zz-> 1l

Events/10 GeV

[~ I I 1 I I 1 1 | I
i ATLAS Preliminary
12~ ® DATA
i I Background
- [ Signal (m =150 GeV)
10~ [ Signal (m =190 GeV)
- B Signal (m =360 GeV)
8- HozZ" 4l
of Ldt = 4.8 fb"
- \s=7TeV
ar
2r

400 600
my, [Ge)

Events/10 GeV/c?

CMS Preliminary 2011 Ns=7TeV L=4.711fb"
1 8 l T T T T | T T T T | I T I T | T I T T | T T T I J_
- * DATA .
16 7
- . Z+X ]
140 Wzz E
121 m,=350 GeV/c*]
10 — m,=200 GeV/c® ]
- —m,=140 GeV/c* ]
8 _— 1 { ]
6
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General comments on BG processes

BG estimation is crucial for SUSY hunting, since no peak is expected.
Main BG is W/Z+jets,
top pair production and QCD multijet processes.
(diboson also contributes to EW gaugino direct production)

Control regions are defined to enhance these SM BG processes
and check the various distributions.



BG1: Control regions (QCD)

QCD multi-jets processes AD(jet vs mET) <0.4 is required
contribute to BG for many SUSY to obtain QCD sample
searches, when v emits in a heavy flavor jet
or when jet energy is miss-measured

IIIIIIIIIIIIIIIII[I]IIIllllll]_

E 10°E o Data2011Ws=7TeV) 3
( Fake mET). S okl JL dt=1041" 536D metiet B

- = 0 W+jets 3
Large mET is useful variable for SUSY. é 104;5 ourerhamne 5tz't'+e{itdssingle top E;
Also Scalar sum of Jet activity(HT) is useful. & 4. = SM +5U(660,2400.10) ]
Sum of them, Meff= mET+ X PT (jet) is used 1 02;_ ATLAS Preliminary _
in ATLAS. ob :
Data is harder than PYTHIA - ]
prediction. 3 E
PYTHIA is parton shower scheme, 107 .
To produce high PT jet, Q"2 of shower Q2 25 E— T
evolution is set high, still not enough, < 15— ma e e E
On the other hand, Q"2 is high < 08 - "F A I
then too many jets are produced in PYTHIA ° S00 10001500 2000 250,?16ﬁ [Gi‘i?]"

and there is discrepancy. _
QCD BG is estimated with real data using this CR Meff= mET+ 2 PT (jet)



BG2: Control regions (Z)

Gamma + jets Z(ll) + jets
BG (Z->vv)+lets J (1) +]
- > 6_ ‘ ‘ ‘ | o o I ‘ ‘ n ‘ T T T ‘— T T T T T L T L T L T 17T T =)
can be estlmated 810 = JL e 108" _ 3 L%D) | . Data£011(\w2=l7TeV) E
with Sipk /7 e - O AL -
V< Z(->11) gm; Four Jet Channel [ ]ysjets 1 3 | FourdetChamel gEIIe ]
q 51035 ATLAS Preliminary £ 102? e e o .0.10)
10E ATLAS Preliminary -
102 - :
£ 1E E
10 E 3
E L -
g - d 3 i
250 —— : — L]
S i s %
L e I S
. . . F osE = E 4+ i
Events with high PT jetare & ¢ i NI " | .
500 1000 1500 2000 2500 3000 % 500 1000 1500 2000 2500 3000
expected. Meff [GeV] m,,, [GeV]

Yellow and blues show the simulated distribution of y+jets and Z(ll)+jets
Currently MC produced by ALPGEN are used and

Normalization has been performed using data. There are two serious problems:

(1) Statistic of both Data & MC are limited in the interesting regions.
No body believes MC for such a high end of the kinematics.
Linear extrapolation or asymptotic?
(2) If use use MC information, JES uncertainties (~¥10%) will contributes. still high.



Entries / 100 GeV

DATA /MC

BG3: Control regions (W)

W + jets (1lep without b)

E T T T I | T T T T I T T T T | T T T T | T T T T | T I T T | 3

= e Data2011 §s=7TeV) .

B _ -1 — SM Total b
10° JL dt=1.04 b [JQCD multijet E
- [ W+jets :
103 Four Jet Channel  gum7.ets ]
E [CJtt and single top 3

C SM + SU(660,240,0,10) 7
10% . =
- ATLAS Preliminary E
10 E
1= =
10 -
= l \ " l -
25E E
| S— W
1.5F e = -
12 - * T i i

% ~T 500 4000 1500 _ 2000 _ 2500 _ 3000

m, [GeV]

M.< M,, & no bjets are selected
to obtain W+jets sample.
Blue shows the simulated W+jets BG.

MC is produced with ALPGEN.

Statistic is high comparing to Z+jets
Slop is slightly different?
Data is harder ?

Currently
Normalization is determined by data
& shape predicted by ALPGEN is used.

Linear extrapolation ?
some structure asymptotically ?
This becomes key | will show later.

Prediction (W+jets BG in high Meff region) is most urgent & important,
otherwise we can not conclude even if we have an excess, (the same as H->WW)



Entries / 100 GeV

DATA /MC

L T I T T T | T T T I T T T T | T T T T | T T T T I =

B e Data 2011 {s=7TeV) ]
104 - -1 —SM Total -
= JL dt=1.041b [CJQCD multijet E

B ] W+jets ]
10° Four Jet Channel  pum7.jets _
g [+t and single top =

- SM + SU(660,240,0,10)
10°E ATLAS Preliminary =
10 E
i L d I_l L‘i L | | ‘—E I |
2.5E ' ' ' E
2E 3

L o JH‘ E

% 500 1000 1500 2000 2500 3000

BG4: Control regions (tt)

M;< M, & bjets are selected
to obtain tt sample
and the pure tt sample can be selected.

tt is not dominant BG except for
mET+bjet analysis,
since o at 7TeV is 170pb.

It becomes serious at ECM=14TeV
(830pb)

Now basically We use MC even
with normalization.

But tt+Njets, high meff regions
still need more data and study.
Different kinematic regions are
used in top WG and SUSY WG



Selection D k&

squark pair squark->qx (2body)
m1/2 (A) 2jet-like
(B) $¥[Zm0/MELVE lepton Br
BG% &9 A Large mET

gluino/squark
(A) 3~4 jet-like (FxIE 2 AIL/\—F)]
(B)g->bb,tt7&& b, leptonic

gluino pair  Gluino->qqy (3body)
(A) 4jet-like
(B) ¥ [Zm0 RZELEE o/
hard >= 4jets (small mET)
(C) sbottom, stop Br b®DfEHT
BG3% &9 High PTjetsZ % or b

mO

Main BG  W(Inu)+jets, Z(nunu)+jets, top, QCD(2jets At [EXEhHVEELY)
mETZELLLTH W/zZIT 518 xR FETES.
ECM 7TeV %M T top 0=830pb ->160pb (BRME*E 1/5) W/Z2H%1,2,3 TE



Jet PT of W+jets process comparing with signal

< 1stJet Pt>
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Dilepton
analysis

constrained on CMSSM

MSUGRA/CMSSM: tanf = 10, A = 0, u>0

= L L L L L L BN
8 - ATLAS L™= 1.04 fb"', VS=7 TeV = Observed CLg95%CL [
} 1 lepton, combination — -~ Expected CL —;
.......... Expected CLS 1o _:

LEP27 -

Stau ==cocoooSsoog - e
- x DO g, g, tanp=3, u<0, 2.1 o™
LSP :_ i P ST a(700 G v\\ - R :
s TEIEAGN 3 CDF §, §, tanp=5, u<0, 2 o™=
__: — \ '- \ .................... - -
[ §(500Gev) TR T ’ =

- '\__ \_ .............. ~

e

(@00GeV) .o

150 \ < g (400 GeV) R
|‘\ [ ‘\\I [ ‘\r\ | ;\\ |I\\IJ 'I [ o by A
200 400 600 800 1000 1200 1400
m, [GeV]

excluded
by No lepton
channel

Squark, g|uin0 ~ 800GeV This channel is crucial for “discovery”



2leptons Mode

charginol + neutralino2 -> lepton pairs + mET (no requirement on jet)

2lepton electron (medium: PT>25GeV for leading >20GeV for 2M9)
muon (combined: PT>20GeV for leading >10GeV for 219)

> L L s e L L | S e s e S S S S LA S S e s e ) S e e e e e e e S e e e e
[ ) ATLAS ' Preliminary J > ' ' ' ' ' ' e Data2011 N 7 TeV
G 10*=|Ldt~1.04f" dilepfon [SS] ® Datazoits=7TeV) H O o IL dt~1.04f"  dilepton [OB] 2 Sk Y
& —— SM Background = e : IEI ;a!(e leptons ‘;
@ (] Fake Leptons — % ~ 5 +Jet_s S
g 10 SS I Z+jets 3: é é 10 OS ATLAS Pl § tDf.rell Yan :
2 Fak BG B3 Orell-Yan 35 E o S Diosors £
102 [ Diboson -
3 10°
10 E 10°
- 10
1 =
10" 10"
(@) )
= D gyt ettt mm T R = = ol
3 3
5 E & he--l-- 417
(] X E ()] ) ) ) ) & . LT T o - H
250 50 100 150 200 250 300 350 400 450 500
E‘Tlss [GeV] miss
E; ™" [GeV
Data 25 events Data 13 events T 1GeV]
BG 33+ 4+-4 BG 15+-1+-4

No excess was found -> still sensitivity is less than 100GeV(Bino) for direct production
Lepton ID should be more tight to reduce fake contribution.
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Squark-gluino-neutralino model, m(i?) =0 GeV

— 2000 : ———————
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MSUGRA/CMSSM : 0-lep +j's + E s
MSUGRA/CMSSM : 1-lep +j's + E s
MSUGRA/CMSSM : multijets + E

T,miss
Simpl. mod. : O-lep +j's + E7 s

Simpl. mod. : O-lep +j's + E

T,miss
Simpl. mod. : O-lep +j's + E1 s

Simpl. mod. : O-lep +j's + E7 s

Simpl. mod. : O-lep +j's + E

T,miss
Simpl. mod. §— a@%") : 1-lep +J's + Er e
Simpl. mod. : O-lep + b-jets +j's + E s

Simpl. mod. (§—>tfi?) :1-lep + b-jets +j's + E
Simpl. mod. (6,— bz:’) -2 b-jets + E

T,miss

ovor

~0

Simpl. mod. (%ff(z — 3lY,) : 2-lep SS + E s
GMSB : 2-lep OSSF +E
GGM + Simpl. model :yy + E

T,miss

T,miss
GMSB : stable T

AMSB : long-lived zf

Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Hypercolour scalar gluons : 4 jets, m; ~ m,,
RPV : high-mass ep

Bilinear RPV : 1-lep +]'s + E 7 s

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec. 2011)

ATLAS

Preliminary

g =gmass
g =gmass

gmass (for m(q) = 2m(g))
J.Ldt =(0.03-2.0) fb™

G=gmass (ight%,)
Is=7TeV

Gmass (m(@) <2 TeV, light 7))
gmass (m(Q) <2 TeV, light 5(“(1))

Gmass (m(@) <2 TeV, m(z,) < 200 GeV)
gmass (m(Q) <2 TeV, m(i?) <200 GeV)
g mass (m(7;) <200 GeV,Am(x" %) / Am(@.%°) > 1/2)
g mass (m(b) < 600 GeV, light 1)

~0

g mass (m(x,) <80 GeV)
b mass (m(x;) <60 GeV)

~+

—t L0~ 0
X, mass (light X, m{l) =2(m(x;) +m(x,))

g mass (corresp. to A < 35 TeV, tanp < 35)
g mass (m(bino) > 50 GeV)

T mass

%, mass (0.5 <t(x,) <2ns)

g mass

b mass

tmass

sgluon mass (excl: mgg < 100 GeV, mgy= 140+ 3 GeV)

v, mass (4,,,=0.10, 4,,,=0.05)

G =gmass (ct gp < 15 mm)
1 Lo ol 1 Lol 1 11

1 10




events / bin

CMS D EZ 4T
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{0 F T T : CMS Preliminary 2011 1.1 \s=7TeV
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mET + jets with B jet (Stop search)

Stop is crucial for naturalness (Only Higgs mass and Higgsino mass )
+Br increases when Higgsino component in LSP increase
(A) No Lepton + multijets(>=3) + mET + b-jet (at least 1 or 2 )
gluino pair production
and gluino -> top stop
( gluino - b sbottom also contributes this stopology)
(B) One Lepton + multijets(>=3)+mET+bjet(at least 1)
gluino pair production
gluino -> btop stop & lepton is emitted from top decay or chargino

(C) No lepton + 2 b jets + mET (stop pair sbottom pair )
direct productio of stop/sbotom
stop/sbotom -> b + chargino/neutralino (chargino -> LSP+soft)

) b . g g Z N ST
~ COTCOI0 = — = 2 = 5800 — ~ = 585y
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b § A _1;.54?»;10
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Events/ 50 GeV

data/ MC

Results of Topology A (bjet +No lepton)

At least 3jets(PT>130,50,50) MET>130GeV MET/Meff>0.25 Adp>0.4 Meff>700GeV

Bjet>=1
105 T T T I T T T I T T T I T T T I T T T I T T I ] T T T I
ATLAS  Preliminary 0-lepton,3 jets
o . >= 1 bjet
104 JLdt=0.83 b Ns=7Tev ® Data 2011
== SM Total
5 [ top production
10 =3 W production
I Z production
[ QCD production
10 20202020 =Sy amam g 700 GeV,b 380 GeV
10 samnnm
‘Iﬁ.* a
-I‘
1 - -l‘.
+ f iy
; .
10-1 1 oy
25E
186
’ 1§ '.'-.-'.'.._’. ............ 3
0.5
05 200 200 600 7000 1200 1400

m 4 [GeV]

Data 63 events

BG

70 +24 -22 (t37 W/Z31 QCD 2)

Events/ 50 GeV

data/ MC

Bjet>=2
105§||||||||1|]|||]||]|:|_||:||||§
= ATLAS  Preliminary O-lepton,3 jets 3
- . . >= 2 bjets -
10* - JLdt=0.83 N5 =7TeV ® Data 2011 =
E == SM Total =
- [ top production —
10° = =3 W production =
= Al Z production =
- ] QCD production -
12 amm 9700 GeV,b 380 GeV
10 )
] as
1 ry =llll n
1"‘1--!':
10-1 ‘ \ i H
[T [ S |—| —1
2.5E
2E
1.5 ”
0 515_ b ‘ +.+_+_ | R

c__}O

1 -
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Data 12 events Mgy [GeV]
BG 13+-5 (t8 W/Z5QCD0.5)

Green shows the tt BG(Leading contribution), data is consistent with SM BG
No excess was found in both topology. N>=2bjets is useful to suppress W/Z+bb BG
since g->bb has relatively small angle and can not be distinguish for high Pt region.



Events / 100 GeV

Results of Topology B(bjets+lepton)

data/MC

Exactly One lepton PT>25GeV (electron) PT>20GeV(muon)
At least 4jets(PT>50GeV) MET>180GeV MT>100GeV Meff>600GeV
At least 1 b jet

Electron Muon
104 | R B B BN B BN B B > 104 E T T T T T T T T T s
= ATLAS Preliminary T-electron, baseline selection 3 8 E ATLAS  Preliminary 1-muon, baseline selection 3
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small excess (< 20) was found : tt+Njets is need to be understood.
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Results of Topology C (2bjets)

| sbhottom-sbottom cross section (PR

FIVE
.E: F —e— FROSPINO NLO
£ 1wk e PRSP Stop->b+chargino
~ F oot sose (Higgsino/Wino lighter)
b3 In both case AM(charhino-neutralino) becomes smaller
10.1;_ [ ] [ ]
2bjet+meE; is event-toplogy
10316“556“306":‘xsé“éoé“&56“:‘;06“556“606"ésé“ﬂ o
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Entries

Data/ MC

| [ | I |

35 jUSt image nary + Data\s =7 TeV, 54
30 J]_ dt~1035f" SM Total 44.2 & 14.3 Large contraverse mass
Bl ziicts. 79+ 33 is expected for signal.
oF O'-Iepton [ wiiets. 495 27 End point is almost stop mass
2jetX_nbtag2 e if AM(stop wino) is large.
20 1,209+ 75

QCD dijets, 6.4 + 3.3

MCT>150GeV is signal region
18events observed

10.9+- 4.5 BG expect

Slight excess (< 20)

Still investigating BG

~ single top, 4.0 £ 1.7

N — edge of MCT is 250GeV
5, A | ‘ ‘ — ->AM >>0
00 50 100 150 200 250 300 350 400 450 500 m(StOp)=ZSOGeV
Mq [GeV] inconsistent with o
M2 =[E,(q)+ E;(¢,)]’ - [Pr(q) - P, (g,)I

) > - AM  ~150GeV
MR _ o pmax _ mu(qR)_m () m(stop)~350GeV
cr =4Pr = m(g.)
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5 SUSY with Exotic signature

Motivation (1) AMSB Wino LSP chargino life ct=1-10cm Wino Q<<1
(2) GMSB stau NLSP stable in detector ordecayinID  Gravitino DM
(3) SPLIT SUSY (m0>1000TeV) gluino - R-hadron
(4) R-parity violation If coupling is small displaced vertex

Signatures

(A) Heavy charged particles (GMSB stau, R-hadron)
(A1) dE/dx energy loss in the semiconductor , ct>> detector size

(A2) TOF information in Cal. or muon system (< 1) p<1
(B) Decay in flight (AMSB wino, GMSB stau )
(B1) Kink/Disappearing track in the continuous ggft\i’g;esslow

tracking system (ATLAS)
(B2) neutralino decay with long-life ct ~ detector size
displaced vertex is found

(C) stau and R-hadron( both neutral and charged) _
. . . kink or
stop in the dense material (Hadron calorimeter) Fesmoearie
dedicated trigger is necessary to catch decay. track



methods as function of lifetime

cty  0.1mm 100mm 1000mm °°>
Displaced dE/dx in Pixel | Kink/ dE/dx in TRT | Time of Flight | Time Of Flight | Stop in
Vertex Disappearing In Calorimeter | 1n Muon Calorimeter
Spectrometer
RPV v v
AMSB v? vk
Stau LL v * v v v| % v
Stau SL v ?
R-had v v v v
[ —— Radius of each detector
{ ATLAS CMS
Vertex 0.1mm 0.1mm
FLRR“iS:tmm k' Pixel(dE/dx) | 5-10cm 5-100cm
e A TRT 50-100cm No
L::;: Hcal 2-4m (A t~1nsec) 1.5-2.5m
L 5-10m(A t~1nsec) | 4-6m

R=88.5mm
R=5805mm p—"

R = 122.5 mm}-
Pixels
R =0 mm ‘ —~

Hadronic calorimeter Fe or cu

Depth 1m time resolution ~1nsec




dE/dx estimator (MeV/cm)

(A1) dE/dx in Si tracker

CMS Preliminary 2010 \/s =7 TeV

10wy ARRRRE
- R - -i | —— Fit to reference Data j
Ok ; .
E Extrapolation E
8:_ dE_kmi,c _:
- & et ]
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nr ]
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3
oF: 10
(=
0:|||||IIII||||||IIII|I|||I||II|III|||||||IIII||||| 1
0051152 253354455

P (GeV/c)

lonization energy loss dE/dX ~1/B2
We can use this information to search
for heavy stable particles.

CMS Preliminary \s=7TevV 1091pb '

2 ror LA B B L 'g
510'1 vv -
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A
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v
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B 4 g300
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Pi is the probability

for a minimum-—ionizing particle (MIP) to produce a
charge smaller or equal to the i-th

charge measurement for the observed path length in
the detector
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(A2) TOF information using muon

MDT tube
anode wire

drift time = TDC output time
- To(flight time from IP)
drift circle = function(drift time)

drift circle—
Then the position is determined.

But =1 is assumed for this calculation.
For the particle with <1, IP
drift circle become wrong.

1 &- T T T T T T T T | T T T T
=4 Tracker + TOF 3

¥ Data 3
4 GMSB 7,100 -

1()'1 B GMSB 7,156 =
‘ & GMSB 7,247 ]

%)
=
c
5
Py
©
j .
=
8
[
@

Then the chi*2 becomes worse, since the
calculated drift is worse.
TO is fitted to obtain best chi*2

8=0.3-0.95

B resolution ~ 7%




arbitrary units

(A1) dE/dx inID + (A2) muon TOF ()

- - - - -
S © oS 9 3
o A w () LN -

—
<
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CMS Preliminary \s=7TeV 1091pb CMS Preliminary \s=7TeV 1091pb
? | Tracker + T('JlF _g Né’ ] Trlackelr + 1"OF I§
- ¥ Data . O 4 F'y N
4 GMSB <, 100 i 010 ® Data 3
E .' : E::: ;: ;i: E § E Data-based prediction ;
; v _; %’1 O3 - MC - Stau (M=156 GeV/c?)
- L z
= E 10° E
¢ . 10 -
3 E 1 -
3 : 10 s ;
0 - Ay .
1 0-2 [EETEE I R T S T
0 500 1000

Mass (GeV/c?)

PT>40GeV Data 10562 events  V1=-p2

las>0.05 BG 12662+- 1269(sys) event m=pr B

1/B> 1.05

BG is estimated assuming that PT, dE/dx and 1/B are independent



(A1) dE/dx inID + (A2) muon TOF (ll)

G (PD)

CMS Preliminary \s=7TeV 1091pb '

— ..\ T , T | T T T T | T E

: Theoretical Prediction Tk + TOF :

10 gluino (NLO+NLL) —*— gluino; 50% §g_

E ------- stop (NLO+NLL) —— gluino; 10% gg E

[ —— GMSBstau (LO) —=— stop i

L \ \ —+— GMSB stau 1

1 = 3

(= E

1072 E
-3 L 1 ! 1 | 1 T I L

10
500 1000

Mass (GeV/c?)

Obtained limits

293GeV is excluded (95%CL)
for stable stau.
direct production

899, (839) GeV for stable gluino

R-hadron: R*

Stable R-hadron



event display of AMSB event

] ~— ] ~—

9999 X1 99 X1 . (B1) Kink/displaced track (l)
|_>X17r_
Xim

ATLAS Atlantis  event:]iveXML_9999_00055 run:9999 ev:55 geometry: <default>

AMSB:
Wino is LSP

Chargino Wino*
Neutralino Wino®
Mass degenerate
Long-lived chargino

mass( g)= 1TeV
mass( ¢g)= 1TeV

Br(§ —=qq'x)=1
mass(chargino)
=100.157GeV
mass(neutralino)
= 100.000GeV B
ct of chargino =300mm | invisible (MC)
cross section : 170 fb

vertex

MissingEt
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€ = “4444 Total background 3 o ) _
o F . Current Limit on Wino is 90GeV
Yk o = obtained at OPAL.
- ATLAS Flelininary = Now We have exceed this limit
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. %" decaying into %;°

high-p; charged particle
interacting with TRT material

low-p; charged particle scattered.
in materials resulting in badly
measured track py

[ ] reconstructed track
true particle track

Pixel SCT TRT



Z’ssm I

Zw

Gkx Il K/M = 0.1

W* v

W’ dijet

Gk« YY k/M = 0.1 (2010)

Mo, b’ = tW (2010)
Me, t = tZ (100%)
Mg, t* = bW (100%), l-+jets

Mgluino, HSCP

Magiuine, Stopped Gluino
Mstop, HSCP

Msiop, Stopped Gluino
Mstau, HSCP

Ms, vy, GRW (2010)

Ms, pu, GRW (2010)

Mp, monojet, nep = 2 (2010)

Mp, monojet, nep = 6 (2010)

Mg+, rotating, Mo=3.5 TeV, neo =2
Mg+, non-rot, Mpo=1.5 TeV, neo = 6
String Ball M, Mp=2.1, Ms=1.7, gs=0.4

String Resonances

Es diquarks
Axigluon/Coloron

q~ , dijet

qQ~ , boosted Z

e, AN=2TeV

Y, A=2TeV

C.l. A, dijet mass (3 pb™)
C.I. A, X analysis

LQ1, B=0.5 (2010)
LQ1, B=1.0 (2010)
LQ2, B=1.0 (2010)

Limits in TeV
Heavy Bosons

1.94 2011
1.62 2011
1.78 2011
2.27 2011
1.51 2011
0.945 2010
4th Generation
0.361 2010
0.417 2011
0.45 2011
Heavy Stable Particles
0.899 2011
0.601 2011
0.620 2011
0.337 2011
0.293 2011
Large Extra Dimensions
1.89 2010
1.75 2010
2.56 2010
1.68 2010
4.1 2011
5.1 2011
4.1 2011
Compositeness and Contact Interactions
4.0 2011
3.52 2011
2.47 2011
2.49 2011
1.17 2010
0.720 2010
0.745 2010
4.0 2010
5.6 2010
LeptoQuark
0.340 2010
0.384 2010
0.3294 2010
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Theoreti¢al Prediction

Gluino g (NLO
Split SUSY, Squirk masses: 10 Tely
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(A1) dE/dx in Pixel + (A2) muon TOF ()

R-hadron: R*
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"ionize dE/dx ~ 1/B? (Beth-bloch) 10
*Hadronic

3
Gluino interaction becomes smaller 107 \\ :
in high energy. 102 \?
Spectator quark interacts hadronically. R T T
momenta of them are small 0 200 400 600 800 1000

— small dE/dx is expected. Gluino Mass [GeV]
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HE-LHC — LHC modifications
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GKK Il k/M =0.1
GKK yy k/M = 0.1
GKK Ilk/M =0.05
GKK yy k/M =0.05
W' v

W' dijet

WR. MNR < 1.0 TeV
W’'— WZ

olC

Mb’, b’ = tW, I+ets

Mt', ' = tZ (100%)

Mt’, 1 = bW (100%), l+jets
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