Techniques for

Stop Searching
2012

David Kaplan
CERN QCD thingee just after they discovered the Higgs-like boson



Supersymmetry

e Naturalness (a la Wilson)
e Unification (LEP circa 1990)

e Dark Matter (LSP)



Susy: Naturalness

e For a weakly coupled Higgs, what cancels the
top loop? Stop - but shouldn’t be too heavy
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Central question of our time:

EW-breaking Natural?

Last stand in SUSY naturalness
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Cosmological constant?

MSSM+S

non-decoupling D-terms
Dirac gauginos
Split families
compressed spectra

deconstructed gaugino mediation...



Look for stops?

e Most direct test of naturalness (dominant contribution to EW scale

w/ simple cutoff). SN
@ e Naturalness requires very light stops ~ 400 GeV or less
Sy M

e Much much less model-dependent than the CMSSM

e Simple signature (tops plus missing Et) ¢ — tX0

e Direct production - small cross section.

@ e Huge tt background.

e SUSY infers other easier search channels



Easier than stops?

e Gluinos -> 400 GeV stop masses require 800 GeV gluinos (model dependent:
dirac gauginos 2 _ o, M log(2) )
3T

e Sbottoms! also required to be light: “LH” sbottoms and stops in same doublet

mé - m% + Ay X
md'q + A(hq)"(hq)

— Same contribution

Supersymmetric



Aside: Split bottoms?

Add anti-generation:

MQ > My

Left-handed top could
be part singlet!

Ds Qs
Q3 [ ywva Mg )
D§ MD gbvu

Requires either same
for bottom (bad for Rp)
or enormous Yukawas



Sbottom searches
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Sbottom searches
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Direct stop production

It is an important channel for ruling out SUSY
naturalness.

It is psychologically pleasing to have a concrete
statement about the stop (which cancels the top
loop).

For decoupled (colored) superpartners, cross
section only depends on mass.

t =ty
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Top partner searches
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Semi-leptonic
tops

stop have a small
cross section - about
1/6 of Dirac Fermions
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Top partner searches
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Neutrino in signal and
background affects
efficiency of cuts



Suggest: loose ‘top
tags’

e | ook for fully hadronic

tops: large BR and no
neutrino

e Top tags kill combinatoric
background for a very
mild cost in signal



HEP Toplagger

a la Plehn, Spannowsky, Takeuchi and Zerwas, arXiv:1006.2833
Cluster using Cambridge-Aachen with R=1.2

De-cluster to find subjets. Each split to two, throw away one if other has
> 80% of mass. Stop when all subjets have m < 30 GeV.

Filter (a la Butterworth, et al: arXiv:0802.2470) with Rsiter = min(0.3,R;i/2).
Keep up to five filtered subjects.

Select three subjets whose combined invariant mass is closest to m:.
Require combined pt > 200 GeV.

Kinematic requirements on pairings of three subjets to loosely match W
mass (details in paper)



Signal/backgrounds

Process Generator cuts o (fb) o (fb)
and parameters 7 TeV 8 TeV
tt* (340 GeV) | 254 |1.04 x 10°
" (440 GeV) | tt7 = bb+47+2x |  48.8 205
tt* (540 GeV) 11.8 51.1
tt + jets W_,en, pr, > 80GeV [16.3 x 10°(26.7 x 10°
sing. top + jets| pr, > 100 GeV  [4.65 x 10°(8.27 x 10°
V+bb+jets | Z—vi, W >4y [1.08 x 10°(1.53 x 10°
V+ jets > pr, >80 GeV [66.6 x 10°[96.3 x 10°

Leading order. Matrix elements via MadGraph + MLM matching




Preselection

e |solated lepton veto (80% of Energy in R =
0.4), pt > 4,8 GeV (mu, e), letal>2.5 (also
hadronic tau veto)

e Ady.;>04 and K/ Hr > 5VGeV

e Hr>275 GeV



Cuts

Require:

e Missing ET > 175 GeV
o 2 fatjets, one ‘top tagged’
® D-tag non-top-tagged subjets



Simulation
7TeV5fb1 . 8TeV20fb1
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dominant background:

t+nj — (bj7) (bravs) + nj



Dominant background
tt +nj — (bjjg)(bTavr) +nj

b
L= Neutrino(s) carry most
%% of W’s energy
14

mi < \/mf —m2, ~ 155 GeV




Transverse mass cuts

e mr2 cut on two fat jets and MET (>200 GeV)

e mrt cut on each of the two fat jets (>200 GeV)

m%(p%, Mo, A, mg) = m2+m%+2(E$ E7—p3-qr)

Bf = \/m3, + (p$)?
m%z (p%amaapg“amﬁa /pTamx) — (1) m%g
qT +dT =PT

[ma’x{m’_zl“(p’%amaa )q’_(l“l)amx)a m’_zl"(pg“7mﬁ’ f(lg)’mx)}]




Transverse mass cuts

8 TeV, 20 fb1
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Parametric Reach

7 TeV, 5 b
< 20— T T T 7
¢ [ Significance Bis
B 4.0

3.5
3.0
2.5
2.0
1.5

0
200 250 300 350 400 450 500 550 600
M: (GeV)

Can be done now!



Parametric Reach
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Semi-leptonic tops

b
e mT
mt:400 GeV
m_t=600 GeV
10-3 o a.....s....d.....l.....a.....l......a..... .
0 200 400 600 Plehn, et al arXiv:1205.2696

m>[GeV]



Fully leptonic tops

o

"8 :é— ¥ tt m'lll'z
M) : 2 B
o B m=400 GeV
m{=600 GeV
’ [kﬂ
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mi[GeV]

m%% — min [maX (mT(p€17ﬁ1)7mT(pﬁzaﬁ2))] > 100 GeV

IDLT =]{1 -I-]{z



Other Models

R-parity violating decays kills missing energy

b

q

stop pair production = 4 jets!



Displaced vertices?

Baryon number violation can wash out the B asymmetry unless:

e coupling is smaller than 10-7

e the reheat temperature is very low (~ 1 GeV)

L~ (1 mm) (300 GeV) ((2.5 - 10—7)2>

. "2
mtR Z /\31 J



RPV - sbottom decays

}D%

j

Brust, Katz, Sundrum arXiv:1206.2353



Conclusion: 2012 quests

e Higgs couplings SM or BSM?
e Top partners discoverable this year?
e Gluino mass limit straining MSSM?

e (Can we kill a natural explanation for the
electroweak scale?

e Did the Mayans predict this?



