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Figure 13: Estimated 95% C.L. exclusion limits for the all-hadronic SUSY search, expressed in mSUGRA param-
eter space.
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cross section for discovery
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e Cross section =2squark mass scale for fixed gluino mass

® need absolute measure of squark/gluino- LSP mass..

e traditional measures

® M. sum of transverse activities. Peak position of Meff
scale with m(squark) + m(gluino) but MC dependent

® End points of jet+ [I’s : need large number of events, Br
ratios is very small for normal MSUGRA model point.

® Mm, Mcm: in this talk— lepton’s

How to study the SUSY scale
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1) We only know
sum of LSP momenta

:ETmiss

Bl jetsare . By / . '
from A or B 4) what A,B, ...are
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T)Handling Etmiss

® assumption 1 Pmiss=p1(LSP) +p2(LSP)

® assumption 2 pp— AB, A— va+ LSP(p1) B— vg+LSP(p>)
topology.

e split jets and leptons into two visible objects. split missing pt
into two visible momentum—Mr, is naturally defined for two
narrow objects with missing momenta.

e Naively, Mr2< max(ma, mg ) when assumed LSP mass is
correct. useful to reconstruct both LSP and squark/gluino

Mass.
vis(1) (1) vis(2) (2) P (2)
(D, My Pr o s My, My ) = min | maX{mT My L
x (1) x (2 ) vzs(l)_ vis(2)
{p7 ’+p3 "' =—p7 Pr '}
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2) Handling ISR |

Alwall, Hiramatsu, Nojiri, Shimizu (2009)

2500 pp e g g 0 ZO00

L = ~ 3K o o C
2000 |- g o q q e qqxl 6000 |
1500 Events with 2%

: hard ISR A
B 2 SRAIc o
= i 1-:__ events without = . E ft'

e ISR Sx an =

e Tt el B oY f 1 2 3 4 5
MT2(Gev) PT order of ISR Jet \

Mr, calculated from 4 highest

pt jets(N<2.5 pr> 50Gev ) Madgraph/pythia Soft ISR we

naively expect
WISR /no hard ISR =1.4 for gluino pair

0.8 for squark pair

® |SR could be a problem of the event reconstruction
(especially for three body decay
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A protocol to remove ISR
contamination in SUSY reconstruction

Alwall, Hiramatsu, Nojiri, Shimizu (2009)

PP — gg jet level —
g — 4'q— qax;

800 |-

e Try all possible combination to e
take 2 pair of jets among 5
jets=assume one of the five jetis . |
ISR. (generalization will be
discussed later)

400 |

200 |
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O MTZmin:minl:1~5 MTz(i) o:>oo 400 500 600 700 800 900 1000

minimum MT2(GeV)

® MT2(i) is the MT2 after removing 675.4 +/- 6.4 (imin. ge.3 )
I-th jet 672.7+/- 3.5 (for all)

® |SR tail disappear significantly
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3) Handling (mis-)grouping |

® We need to split visible objects into two to define M,

® Definition

® Hemisphere method: Take the two highest PT jets and
merge softer jets to them using certain measure. (Moortgat
—application to M2 Nojiri, Shimizu, Okada,Kawagoe,
2008)

e MTGEN :Look for the combination of visible objects that
minimize M. Just try 2, nCm combinations and take
minimum!

® Task: select the combination that satisfty Mr.< M(parent) but

end point is still visible.




Comparison(parton level) at 14 TeV(Nojiri, Sakurai

to appear)
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(Nojiri Sakurai, appear soon )

squark-gluino production is more than 40% of total production cross section

removing a correct jet from sg-glsystem lead gl-gl system. ex. Msub =
Mrt2(1) proposed for mgi<<msq case.

Fror glgl, Mr2(min) =min_i (Mr2(i)) is good for gluino mass reconstruction.

endpoint of Mmmin = mgl? Need attention to decay pattern.

1D squark
squark o
H S smaller
t -
leading jet rjgca(;/ Vi BR(sq=X)




Mromin=min(Mt2(3),Mm2(4)....

Mgl<Msq Mgl<<Mysq
ISR ~Mgq
Mtmin(sq gl) | msg(for i23) | msqg(for i=3) Mgl
L i

some squark still directly decay
into inos. by selecting event with two high pr
jets. we may recover squark mass scale

ISR is less
Important
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Mt (min) for mixed case
(14TeV, 60000 events)
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MT2 is more affected by ISR
gluino mass ~ Mrm2(min) end point.
Total SUSY cross section =2squark mass scale.
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| MuI=520GeV mgl=610Gev at 7TeV and 1fb 1|
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Mct2 and sq— gl+j reconstruction

(Wong-Sang Cho, Nojiri, appear soon)

® Mcm not Lorentz invariant but end point Gul(1) £ Nollep/oho/), MET 2100 (Gev) & €50, P, (3750, 200, 280, £10..), | £2.5
i nval‘l ant u nder COntI‘a-bOOSt Cut(2) : No(lep/pho/b), MET 2100 (GeV), 6, £50, PT,, (2250, 2150, 250, £10...), Iyl £2.5
- Point1 (N,=3,N,23) C—Men(true)
50 -—(1)Yellow 2 204/ 3.4 jets 321.3 GeV 342.6 GeV

4 (2)Green © 1,/2,4 jets
® |arge enhancement near the MCT2 end point -

i " point 1
e I|tis useful to see the hidden decay patterns. ”% )
example : extraction of jet from gluino squark g _
decay. Hn .
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Leptom

® model with m1,m2<<m3 ex. first two
generation as NG boson.

~ 500
o RS Preliminary SES 1 Ta¥ (arXiv1004.4164[hep-ph], Mandal,Nojiri,
% BOE \ETTeV e Observe 1 event in 100 pb™ -
(O] Observe 4 event in 1 fb™ SUdanO, Yanaglda )
\’Q 400 B CcDF Preliminary 31 (3.2 b™) ;
3 B 00 observed limit (23 ) e the large third generation scalar
3] LEP excluded regions T . :
350} mass<less constraint from B decay, higgs
mSugra: tanp = 3, A0=0, (W=>0
300 mass, ...
250 f ® DM constraint 2Higgs mass at GUT scale.
§,
200 s 3
| ® Three DM consistent solution
M1 =0 M1/2=3OO GeV
100o 400 ‘ 700 800 900 1000 1600 1 ? ? ?

m, (GeV/c?)

1400

® Experimental reach based on leptons

1200f
are not impressive compared with jets. g
£ 1000}
® \We may focus on the models with large 80|

lepton branching ratio (looking for a
key under the...)
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signature ml=m2~0 << m3

® non-universal heavy third
generation — no tau, no ("M)b Mivarg CNATGE aSymmetry ndoriow 0

= Overflow  0.2479
0.4:— —L
e non-universal Higgs mass at GUT W
scale —radiative correction to C
SUGRA slepton mass relation . “2r
Three DM acceptable scenario: b
small g or co-annihilaiton with 5 1
~ ~ 0_
eL/eR H* s TR TV T TOP TP T IO TR T
; h 0 AO 0 50 100 150 200 250 300 350 400 450 500
® slepton interaction: measured 7
from m(jl) charge asymmetry A.. b
(Barr, Goto Nojiri ) e T 1o
J N({T) - N() g o 2
= . . ~ ,SL -
er==. N(l+> N(l_) X1 X d sk L ur, Cr,
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Summary

® Fvent has structures, and kinematical variables
will help you to access it to reveal particles
natures behind.

I__

® invariant mass
® missing momentum

® M1, and Mct and that of subsystems
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