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E.G. LONG-LIVED GLUINOS
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e Maybe we’re producing lots of gluinos

 But because of very high mass squarks, gluinos become meta-stable
(“Split-SUSY?”)

e Gluinos hadronize to a color singlet (“R-Hadron”) that may be charged



Si Tracking Detectors measure
ionization energy loss

Modeled by Bethe-Bloch Curve

Relativistic particles leave a small
amount energy deposition

(dE/dX)mpv (BY)
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Si Tracking Detectors measure
ionization energy loss

Modeled by Bethe-Bloch Curve

Very massive charged
particles are less relativistic

— Anomalous lonization Signatures!

Relativistic particles leave a small
amount energy deposition

By =p/m
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So we’ll be looking for inclusive, generic
anomalous ionization signatures

We’ll optimize and interpret w/ two main classes of models

Long-Lived Gluino R-Hadron
(Strong production, mini-split-SUSY motivated,
OOTB Pythia 8 R-Hadron Spectrum)

Long-Lived Sleptons/Staus
(Drell-Yan Production, GMSB/GGM Motivated)

[ATLAS Diagrams]
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With an ionization-based mass
measurement, ATLAS sees an excess

At high mass, 7 events observed for
0.7+0.4 events expected

e 3.60 local, 3.30 global

MET Triggered
5 events have reco muons
3 of those have 2 reco muons

All candidates have B consistent with
1 as measured by the Tile
Calorimeter and Muon System

[1606.05129] [2205.06013]
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—— R-hadron m§=800 GeV
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e With an ionization-based mass
measurement, ATLAS sees an excess

e At high mass, 7 events observed for
0.7+0.4 events expected

e 3.60 local, 3.30 global

e MET Triggered
e 5 events have reco muons
e 3 of those have 2 reco muons

e All candidates have 3 consistent with
1 as measured by the Tile
Calorimeter and Muon System

B~1 is inconsistent
with a heavy pair-
produced particle

[1606.05129] [2205.06013]
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B=1 — Boosted +2e?

e Maybe momentum measurement wrong because
of a q>1 signal

* pr off by factor of g

e dE/dx — fy — my, translation also fails

e Nicely quantified in [2205.04473] by Giudice,
McCullough, Teresi

e Why 3~1? Produced in decay of heavy
resonance

* |f not from low 3, why large dE/dx? q=+2e

,++
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e Maybe momentum measurement wrong because
of a q>1 signal
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e Nicely quantified in [2205.04473] by Giudice,
McCullough, Teresi

e Why 3~1? Produced in decay of heavy
resonance

* |f not from low 3, why large dE/dx? q=+2e

,++

So let’s look 7
for this too
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Two parallel approaches:

1) A simple, very
inclusive search.

Minimize look-elsewhere-effect

2) More exclusive channel.

If excess, measure properties
Else, set tighter limits




11

Two parallel approaches:

1) A simple, very
inclusive search.

Minimize look-elsewhere-effect

Inclusive
lonization
Channel

2) More exclusive channel.

If excess, measure properties
Else, set tighter limits

Mass
Reconstruction
Channel




Both analysis channels share common
preselection and object definitions

ATLAS excess had a lot of muons

101 fb-1
— Focus on muon trigger 2017-2018
(50 GeV online) (Phase-1 Pixels)

Selection criteria Data g (1.8TeV) Pair-prod. T (557 GeV)

Tracker Barrel Al events 7 7 7

Trigeer 0.15 0.11 0.86
for Homogeneous Measurements &8
< pr > 55GeV 011 011 0.86
| <1 0059  0.074 0.64
# of valid pixel hits in L2-[L4 > 2  0.056 0.071 0.62
Fraction of valid hits > 0.8 0.052 0.069 0.62
. . . . # of dE/dx measurements > 10 0.052 0.069 0.62
High Quality Track w/ lonization Info High purity track 0052 0.069 0.62
2

Reduces pileup effects, combinatorial fakes, Eraikoxl/dof<5 882; 8823 82;

: 2 Jdcm . . .
Ynlesy lenday talls dy, < 0.02cm 0.048  0.069 0.62
5 < 0.02 0.014  0.065 0.61
Iy < 15GeV 0.014  0.065 0.61
PFE/p <03 0.014 0.064 0.61
Isolation to ensure Upr/p"zf<0'0008 0.014 0.064 0.61
FiPIXEIS> 0.3 0.011 0.064 0.60

clean environment

Reduces double-MIP BG (boosted hadrons,
Y conversions, etc), dense core of jets
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Inclusive lonization Channel

CMS simulation Preliminary
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Inclusive lonization Channel
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Inclusive lonization Channel

CMS simulation Preliminary
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Inclusive lonization Channel

CMS simulation Preliminary
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Background Estimation

F\Pixels gnd G;Strirs gre uncorrelated for BG
— Constrain SR BG assuming CR has the same distribution

Want to estimate BG
contribution up here

CMS simuiation Preliminary

g 1 %)
.(% — :_ B k d - 106 QC_)
0] 0.9E ackgroun - Lﬁ
0.7F ]
0.6 = 10°
0.55— 10°
0.4
0.3 102
0.2F
C 10
0.1
O_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1
0 0.102030.4050.6070809 1

FiPiX9|S

14



N5ttt
Background Estimation

F\Pixels gnd G;Strirs gre uncorrelated for BG
— Constrain SR BG assuming CR has the same distribution

Want to estimate BG
contribution up here
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Background Estimation

Select p1>200 GeV, F\Pixels>0.9
And do shape fit at G>0.25

SR sensitivity dominated by last bin in G;Strirs

'
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Mass Reconstruction Method

Add >10 cluster ionization 1 N AdE
measurements in inverted quadrature. L, =|— Z (—>
Gives stable ionization measurement. N [ dx ;

O o




Mass Reconstruction Method

Add >10 cluster ionization 1 N dE G
V2 (%)
Ji J

measurements in inverted quadrature. [, =
Gives stable ionization measurement.

Assume we’re in a region where the
ionization scales as 1/(fy)?2

(dE/dXx)mpy (BY)

K m?
Ih: (ﬂy)2+c ZK(?)‘FC




Mass Reconstruction Method

Add >10 cluster ionization 1 N dE G
V2 (%)
Ji J

measurements in inverted quadrature. [, =
Gives stable ionization measurement.

Assume we’re in a region where the
ionization scales as 1/(fy)?2

(dE/dXx)mpy (BY)

K m?
I, = C = — C
' (ﬂ7)2+ K(p2)+

Solve for the mass




Mass Reconstruction Method

Add >10 cluster ionization 1 N dE G
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Mass Reconstruction Method
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Mass Reconstruction Method
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Mass Reconstruction Method
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GI

In BG, the momentum and
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Unblinded Wa=EES
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Boosted +2e Model

,++

High mass Z’ to boosted
doubly-charged lepton-like LLPs
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Boosted +2e Model
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Boosted +2e Model

ATLAS didn’t release Axe numbers for ;
this kind of model
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Boosted +2e Model
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Boosted +2e Model
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Boosted +2e Model

ATLAS didn’t release Axe numbers for ;
this kind of model
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Using ATLAS Aux Material:
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Boosted +2e Model

ATLAS didn’t release Axe numbers for ;
this kind of model
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Searching for anomalously ionizing tracks,
two complementary approaches show good
agreement with BG expectation

Limits set on a variety of BSM models



Searching for anomalously ionizing tracks,
two complementary approaches show good
agreement with BG expectation

Limits set on a variety of BSM models

Exciting time for direct detection of LLPs,
but we exclude the simplest explanations
for the ATLAS excess
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But 3 some key differences,

so there’s more to do
and more to dig for.

Thanks for your attention
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Technique validated in lower pT regions
(50-55 GeV,; 55-200 GeV)

Shapes agree well at low and high F,Pixels
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Selection criteria Data g (1.8TeV) Pair-prod. T (557 GeV)
All events 1 1 1
Trigger 0.15 0.11 0.86

pr > 55GeV 0.11 0.11 0.86

n] <1 0.059 0.074 0.64

# of valid pixel hits in L2-1.4 > 2  0.056 0.071 0.62
Fraction of valid hits > 0.8 0.052 0.069 0.62

# of dE /dx measurements > 10 0.052 0.069 0.62
High purity track 0.052 0.069 0.62
Track x?/dof < 5 0.052 0.069 0.62

d, <0.lcm 0.052 0.069 0.62

dy, < 0.02cm 0.048 0.069 0.62

I < 0.02 0.014  0.065 0.61

L < 15GeV 0.014 0.065 0.61
PFE/p <03 0.014 0.064 0.61

0,/ p3 < 0.0008 0.014  0.064 0.61
FiPixels> 0.3 0.011 0.064 0.60

Description Data Monte Carlo
2017 2018 2017 2018

K(MeV/cm) 254 +0.01 255+0.01 250+0.01 2.49+0.01
C(MeV/cm) 3.14+0.01 3.14+0.01 3.18+0.01 3.18 +0.01




ToF Measurements

e Time of flight () measurements
requested after unblinding. They do not
agree with expected 3~[0.52,0.62]

e Using SMP tools (TileCal + Muon
System measurements)

e Candidates have 3 consistent with 1

e Previously ATLAS SMP showed high mass
events w/ corroborated 3 values!

1.3 Nz

1.4

[2205.06013]

(Strange) description of B resolution

approximately symmetric side-lobes. The FWHM of the peak divided by 2.35 for Bys is 0.045, while it
is 0.075 and 0.050 for B, in the CR-kin-Mu and CR-kin-Trk samples, respectively. The efficiency of
obtaining a Byis value from the CR-kin-Mu sample is 95%, while that of obtaining a B.,1, value is 85%
from the CR-kin-Mu sample and 95% for the CR-kin-Trk sample. Using MC signal samples, where
particles have low S, it was found that the S values from the ToF observables and the 8 value deduced from
the pixel dE /dx measurement agree within 6%.

The g values measured by ToF of the seven candidate tracks were all found to be compatible with g8 = 1, with
all the Byvs and Bcq1o values being well within the 95% confidence interval of the distribution. Therefore,
the low particle speed suggested by the pixel dE /dx measurement for the seven candidate tracks in the
excess was not confirmed by these ToF observables.

T — —————
Candidates well within bulk of resolution
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-42/
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ATLAS Pixels MIP

~20k e
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IBL (Run 2+)
R=33 mm

Up to ~30k e
4 bits + Overflow Bit
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Up to ~200k e

8 bits

If charge deposition above this, hit
not recorded, but neighboring pixels
still contain position info




