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The Alphal analysis

OJets + MET search:
O Inclusive search over all-hadronic final state
OUses T (AlphaT) and A¢,, (biased-delta phi) variables to
reduce QCD background to negligible levels
OFitting over 253 signal bins based on: H;, Hmiss, number of jets,

and number of b-tagged jets
O Additional simplified binning scheme with only 32 bins

ONo specific treatment for long-lived particles
ONo dedicated reconstruction or object tagging
OSelections optimised on prompt signals and not changed

OAccess to paper and supplementary material:
O Accepted for JHEP to be published very soon
O ArXiv: https://arxiv.org/abs/1802.02110 _
OSupplementary info to aid reinterpretation at public webpage:

https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-038/index.html
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The AlphaTl analysis: Selections

Physics object acceptances

Jet pr >40GeV, |n| < 24

Photon pr > 25GeV, || < 2.5, isolated in cone AR < 0.3

Electron pr > 10GeV, |n| < 2.5, I"™ < 0.1 in cone 0.05 < AR(pt) < 0.2
Muon pr > 10GeV, |n| < 2.5, I' < 0.2 in cone 0.05 < AR(pr) < 0.2
Single isolated track (SIT) pr > 10GeV, || < 2.5, ™K < 0.1 in cone AR < 0.3

Baseline event selection

All-jet final state Veto events containing photons, electrons, muons, and SITs within acceptance
PSS quality Veto events based on filters related to beam and instrumental effects

Jet quality Veto events containing jets that fail identification criteria or 0.1 < flllli < 0.95
Jet energy and sums pjTl. > 100 GeV, Ht > 200 GeV, HES5 > 200 GeV

Jets outside acceptance H%.liss / p%iss < 1.25, veto events containing jets with pp > 40 GeV and |n| > 2.4

Signal region Baseline selection +
at threshold (Ht range) 0.65 (200-250 GeV), 0.60 (250-300), 0.55 (300-350), 0.53 (350-400), 0.52 (400-900)
A¢? . threshold A¢r > 0.5 (njet > 2), Apr2 > 0.5 (njey = 1)

I'I'llll min mln

O Data-driven background estimations by fitting to sideband
and control regions
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oSimplified binning scheme

©Predictions for signal region, having fit to control
regions
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The T1Tgggg model

O Gluino pair production

O Decay gluinos via intermediate, highly virtual squarks
OFinal state: four light-flavour quarks, two LSPs

O Gluino production in MadGraph LO, decay using Pythia
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T1ggqgqgll: Long-lived gluinos

OTake T1gqqqq
O Immediate long-lived extensions
O Already has very off-shell squarks
— decrease gluino width
— gluino becomes long-lived
— Split SUSY
O Implement by adjusting gluino
lifetime in Pythia
O CT: gluino rest-frame lifetime in metres

OT1lqqqqgLL: cTg values from 1 um to 100 m and “meta-stable” gluinos
O Use CMS FullSim for T1ggqqgLL, compared to FastSim for T1gqqqg

O R-hadronisation model:
O Long-lived gluinos can form meta-stable, bound states with SM contents
O Particularly important for larger values of c-tau
O Material affects of detector R-hadron interactions could become
important
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Tlggaqgll

O Cross section
limits

OAround 1 mm
O Gluino events

become b-
tagged
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T1ggggllL: Signal vs Background

OC7p =1 mm

OM,ino = 1800 GeV

OM, ., = 200 GeV

OBottom right of observed limit contour

CMS Supplementary 35.9 fb™ (13 TeV)
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Key sensitivity effects

oB-tagging rate
o Improve sensitivity around b-decay length (~1 mm)

oCharged hadron fraction of leading jet

o Reduces sensitivity once decays outside of the
tracker

oReliance on ISR as ¢y becomes large
o0Gluino escapes undetected
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OLimit contours
for all
considered
values of C7g
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Comparing o other results

CMS Preliminary

'g’ — C]CYXO (BR=100%) Status: February 2018
(R-hadron cloud model) Jets + ppiss, arXiv:1802.02110
m, 0o = 100 GeV, charge suppressed
Jets + p%ﬁss, arXiv:1802.02110
@— Observed mg —m,o = 100 GeV, charge suppressed

Stopped gluino, arXiv:1801.00359
mg — m,o0 > 160 GeV, fz, = 0.1

HSCP, CMS-PAS-EXO-16-036
f5g = 0.1

OCMS: EXO-16-004
OSubmitted to JHEP in December
O Public page:

http://cms-results.web.cern.ch/cms-results
/public-results/publications/EXO-16-004/

O A dedicated search for out-

of-time calorimeter jets
OT1qqqqgLL where gluinos stop in
the calorimeter, then decay
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out-of-time with collisions , S R R 1
I 10 10% 10 10'2 10
OHSCP, CMS-PAS-EXO-16-036 vy EE 83 er [m]
OdE/dX measurement for T 107 107 100 107 107

hadronised gluinos 7 ns]

O Complementary sensitivity between methods
O Prompt AlphaT analysis does well for smaller lifetimes
O EXO-16-004 and HSCP perform better for much larger lifetimes
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Summary

OFirst look at extending standard prompt inclusive search to
simplified SUSY models to a LLP regime

OLimits from the AlphaT prompt search:
OBest observed (expected) limits, CTp=1 mm: M., = 1750 (1950)
GeV, M, = 1050 (1200) GeV

OSensitivity to full range of CTpvalues (prompt to meta-stable)
OWeak dependence on R-hadronisation model
O Possible due inclusive nature of search and low selection
thresholds

OMore on this at the LLP workshop later in the week
OCMS Snapshot (Steven Lowette)
OCMS Material for Reinterpretation (Juliette Alimena)

OLinks to paper and material
O ArXiv: https://arxiv.org/abs/1802.02110 _

OoP ublic web pCl g € . https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-038/index.html
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Advert: Additional Material

OSince this is a reinterprations

conference, available online material:

O Covariance matrix (full and simplified
binning)

OBin contents for data and SM background
predictions as csv files (full and simplified
binning)

O Digital limit and signal acceptance x
efficiency mass planes for 7 standard SMS
models and T1gqqqlLL with 6 CTgvalues

O Bin contents for signal from four
benchmark models

O Cut flows for four benchmark models

Benchmark Model
T2bb T2cc TIibbbb TlqqqqLL
msusy (GeV) 550 500 1900 1800
mysp (GeV) 450 480 100 200
cTp (mm) - - - 1
Before selection 100.0 100.0 100.0 100.0
Single isolated track, muon, electron, & photon vetos ~ 94.6 97.2 99.4 86.0
Event veto for jets failing ID 943 96.8 98.7 85.7
]J’T‘ > 100 GeV 629 843 98.7 85.7
0.1 < fll. <095 59.8  77.4 93.9 82.1
Hr > 200GeV 495 645 93.9 82.1
Hmiss > 200 GeV 18.8 483 88.5 774
Event veto for forward jets (|17| > 2.4) 13.6 358 69.9 63.7
Hmiss /pmiss < 1 25 129 341 69.3 60.3
et~ and Hr-dependent at thresholds 8.3 249 69.2 60.1
Aprin > 0.5 57 205 25.1 229

Table 2: A summary of the cumulative signal acceptance times efficiency, Ae [%], for various
benchmark models found in Table 4 of the paper, following the successive application of the
event selection criteria used to define the signal region. See discussion and Table 1 in the paper
for detailed descriptions of the selection.

Event Selection

CMS Supplementary 35.9 fb™' (13 TeV)

10°

$ column -t -s, CMS-SUS-16-038_Figure_001.csv |head -20

njet bjet ht_low ht_high mht_low mht_high bkg bkg_err data 8
eqlj eqGb 200.0 400.0 200 inf 254856.0625 26604 .055607 291353.0 %
eqlj eqOb 400.0 600.0 400 inf 7342.193848 966.182095 8572.0 =
eqlj eqOb 600.0 900.0 600 inf 680.055298 121.049535 878.0 2
eqlj eqOb 900.0 inf 900 inf 56.934498 14.6372 57.0 Q
eqlj eqlb 200.0 400.0 200 inf 8864 .285156 956.368883 11072.0 o
eqlj eqlb 400.0 600.0 400 inf 334.577576 45,115704 406.0

eqlj eqlb 6600.0 inf 600 inf 41.5201 7.551247 71.0

eq2j eqob 200.0 400.0 200 inf 29224 ,53125 7829.808887 34934.0

eq2j eqoOb 400.0 600.0 200 400.0 3274.273438 910.445913 3468.0

€qg2j eqob 400.0 600.0 400 inf 2176.893066 623.577549 2568.0

€qg2j eqob 600.0 900.0 200 400.0 276.672485 91.911319 226.0

€qg2j eqob 600.0 900.0 400 600.0 268.382141 75.608887 253.0

eqg2j eqob 600.0 900.0 600 inf 284.567871 92.978472 303.0

eq2j eqob 900.0 1200.0 pAc]c] 400.0 179.342911 54.562745 165.0

eq2j eqoOb 900.0 1200.0 400 600.0 130.910461 33.582285 125.0

eq2j eqOb 900.0 1200.0 600 900.0 78.662025 25.244872 97.0

eq2j eqOb 900.0 1200.0 900 inf 29.319504 13.698029 25.0

eqg2j eqOb 1200.0 inf 200 400.0 11.844943 5.111627 9.0
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Back-ups
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AlphaT
=

M+ CMS supplementary 35.9 b (13 TeV)

O1In dijet events:

O AlphaT is the ratio between
the sub-leading jet’s
transverse energy and the
dijet mass

OWith no Etmiss in event,
cannot exceed 0.5 even with
jet energy mis-measurements

O Robust to detector effects on
jet energy resolutions

aT
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otal Standard Model
— = V+jets, tt, residual SM
ert=_ QCD multijet
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O Generalising to multi-jet
events
O Cluster all jets into two large
pseudo-jets such that
difference in scalar ET sums
for each pseudo-jet is
minimised
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CMS Supplementary 35.9 fb' (13 TeV)

Biased
delta-ph

OMinimum for all
jets of the angle
between the jet
and the vector
sum of all others

Total Standard Model
— = V+jets, tt, residual SM
m = QCD multijet

Events / 0.1

OPeaks close to

zero for
mismeasured
multi-jet events
OoCan reach up to RN Sy = =
180° A¢min = HlilIl A¢( P T Z P T)

JF
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Cuft flow

Benchmark Model
T2bb  T2cc Tlbbbb TlqqqqLL
Event Selection msysy (GeV) 550 500 1900 1800
mrsp (GeV) 450 480 100 200
cTp (mm) = = = 1
Before selection 100.0 100.0 100.0 100.0
Single isolated track, muon, electron, & photon vetos  94.6  97.2 99.4 86.0
Event veto for jets failing ID 943  96.8 98.7 85.7

P > 100 GeV 629 843 = 987 85.7

0.1 < fl. < 0.95 59.8  77.4 93.9 82.1
Ht > 200 GeV 495 645 93.9 82.1
H™MSs > 200 GeV 18.8 483 88.5 77 .4
Event veto for forward jets (5| > 2.4) 13.6  35.8 69.9 63.7
Hmiss / miss .25 129 341 69.3 60.3
njer- and Hy-dependent at thresholds 83 249 69.2 60.1
Apl.. > 0.5 57 205 25.1 229

Table 2: A summary of the cumulative signal acceptance times efficiency, .Ae [%], for various
benchmark models found in Table 4 of the paper, following the successive application of the
event selection criteria used to define the signal region. See discussion and Table 1 in the paper
for detailed descriptions of the selection.
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Tggaall

oSignal
acceptance x
efficiency

O0In general, flat
for all model
points until
about 10-2 m,
start to decay
outside of the

tracker
O Depends on
mass values
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