UH
m
L2 Universitdit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Phenomenological MSSM
interpretation of the
7 TeV CMS results

Lukas Vanelderen,
on behalf of the CMS collaboration

June 24, 2013



the phenomenological
MSSM (pMSSM) is ...



the pMSSM is ...

» arealization of the R-parity conserving MSSM
- no new sources of CP violation
- no flavor changing neutral currents
- 1st and 2nd generation sfermions degenerate in mass

» 19 SUSY parameters
- M1, MQ, and M3
- tan ﬁ, n, ma
- 10 sfermion mass parameters
- A, Apand A,

captures most of the
phenomenological features
of the R-parity conserving MSSM
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Analysis



preCMS prior for pMSSM parameters ¢

preCMS
preCMS likelihood initial prior
prior (flat)
ppreCMS(e) — L( DpreCMS'e) pO(e)
L(DpreCMSw {H L DPI‘CCMS | #1(0) }
theory
measurement of prediction for
observable i observable i
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preCMS prior

preCMS observables
i Observable Constraint Likelihood function MCMC /
14/(6) D/‘.’”CMS L(DJ‘?'CCMS 114i(6)) post-MCMC
1 BR(b — sv) (3.55 + 0.23% + 0.24™ 4 0.09%) x 10— 7 Gaussian MCMC
2a | BR(Bs — pu) observed CLs curve from d(1 — CLs)/d(BR(Bs — ) MCMC
20 | BR(Bs — ppu) 3.2115 x 107° 2-sided Gaussian post-MCMC
3 R(By — Tv) 1.63 + 0.54 Gaussian MCMC
4 Aa, (26.1 + 8.0%° + 10.0™) x 10~ 10 Gaussian MCMC
5 my 173.3 £ 0.5 4 1.3 GeV Gaussian MCMC
6 my(mp) 4197518 Gev Two-sided Gaussian MCMC
7 as(Mz) 0.1184 £ 0.0007 Gaussian MCMC
8a mp, pre-LHC: m®" = 112 1if mp > mP" MCMC
0if my < mw
8b mp, LHG: mP" = 120, m}P = 130 Tt mo¥ < my < miP? post-MCMC
0if my < m? ormp > mP
9 sparticle LEP 1 if allowed MCMC
masses (via micrOMEGAs) 0 if excluded
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preCMS prior

discrete representation with MCMC

» sample pMSSM parameters within a 19-D cube
sparticle masses can go as high as ~3 TeV

» sample m;, mpy(myp) and as(Mz), no hard limits
» X must be LSP, x5~ must be short-lived

~ 20 000 000 preCMS points sampled
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CMS posterior density
CMS posterior density

p(elDCMS) — L(DCMS|0) ppreCMS(é))

CMS likelihood

given a count experiment /
- N, counts observed
- B, + 0B, bkg counts predicted

L(Ni|si(8)) = [ Poiss(N|si(6) + by) p(b))db
p(b) = Gamma(b/; (Bi/éB))?> +1,B,/6B?)
for independent count experiments
L(D™®10) =TT, L(Nils(0))

signal prediction s;(#) from simulation

5/24



CMS posterior density

7 TeV CMS data

Hadronic Hr + H?”SS search: arXiv:1207.1898
Hadronic jets + ET'S + p-jets search: arXiv:1208.4859
Hadronic Hr + E7"% 4 7s search: arxiv:1301.3792
Hadronic monojet +E#"S search: arXiv:1206.5663
Leptonic same sign 2¢ search: arxiv:1205.6615
Leptonic opposite sign 2¢ search: arXiv:1206.3949
Leptonic EWKino search: arxiv:1209.6620 |

discrete representation

choose random 7300 out of 20 000 000 preCMS points

weight with L(DMS|6)
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Results



gluino, Ug, Cg Mmasses
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3rd generation squarks

Probability density

Probability density
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EW gauginos

Probability density

Probability density
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gluino and LSP

p(6 | preCMS)
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SUSY cross section

Probability density

p(® | HT + MHT)

p(6 | HT + MET + b-jets)

p(6 | EWKino)

CMS Preliminary: 7TeV, 4.98fb™
p(6 | preCMS)
—— p(8 | combined)

Probability density

pggI pre(‘;MS) CMS Preliminary
1BL) 1
01187 7TeV, 4.98fb

—p(0]2BL)
—Pp(8]28BT)
—p(8]3BL)

Probability density

CMS Preliminary: 7TeV, 4.98fb™
p(6 | preCMS)
—— p(8| combined)

cross section (fb)

cross section (fb)

cross section (fb)

11/24



unexplored regions



Z-significance:
Z =sign(InByo)+/2|InBy|
Bio(8) = L(D™S|6, Hy) /L(D™3|Hp)

Bayesian analog of frequentist “n-sigma”:
Z < —1.64 ~ signal excluded, 95% CL

Z>5 ~ b5-o0 discovery
H H . CMS Preliminary: 7TeV, 4.98fb™
Combination: . e
independent experiments: g
Bio(6) = I1, Bio(9) :
overlapping experiments: &
Zvest: Z) With max |Z)]
-15 -10 -5 0

best significance Z
best
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unexplored regions with high cross section

unexplored = |Zyy| < 2 ~ 4500/7300 points

highxsec  :=o¢ > 10fb~' ~ 2200/4500 points
g [ production cross sections of unexplored points
g I
Z 10°|- | 2198/ 4504 points with a™4>101b
2 b
o
kS
3
£ 102
3
=4
| cMs Preliminary: 4.98 fb™, 7 TeV
10

A S A IR A AUV AR S R
0O 20 40 60 80 100 120 140 160 189 200
"% [fb]

decompose these interesting points
into Simplified Model Spectra
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production mechanism

CMS Preliminary: 4.98 fb™, 7 TeV
production mechanisms of the unexplored high- o points
_"“[”VT RTINS TTTTNTTYY TR

Il
M ss
99
s
Il s0

others

1000 1500 2000
index of unexplored pMSSM point (sorted)

dominated by EW gaugino production
and by squark production
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EWKino production

Lengths of SUSY chains, o > 10 fb, |Z|<2, ewkino production

CMS Preliminary: 4.98 fb™, 7 Tev

w

Number of SUSY particles in shorter leg
~
I

Lo
S So

2 3
Number of SUSY particles in longer leg

» typically, 1 or 2 legs with 2 sparticles

as:

LSP

Particle masses of missed weakino points, ¢ > 10 fb

CMS Preliminary: 4.98 fb™, 7 Tev

3

chargino/heavy neutralino mass [GeV]

| | L L |
150 200 250 300 350 400 450 5

» typically, very small mass differences
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squark production

Occurrences of topologies, squark production, |Z|<2, 6>10 fb Particle masses of missed squark points, o> 10 fb
° —
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v

typically, 1st/2nd gen squark pair production
typically, rather low mass differences

v
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Summary



» impact of considered 7 TeV CMS data
- disfavoring squarks, gluinos < 1 TeV
... but many scenarios not probed
- impact on 3rd gen very limited
- impact on EWKIinos, sleptons not visible

» unexplored regions
- many “high cross section” scenarios not probed
- mainly EWKino production (mass degeneracy)
- and squark production (low mass splitting)

» more in back-up
- consequences for dark matter and Higgs

full documentation: SUS-12-030
coming soon: 8 TeV updates
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS12030

Backup



some preCMS distributions
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some preCMS distributions

Probability density

Probability density
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degeneracy of EW gauginos
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consequences for Higgs
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consequences for Higgs

Probability density
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consequences for dark matter

Probability density
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p(6 | preCMS)
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