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@ Introduction
- Definition -

« HSCP = Heavy Stable Charged Patrticle

« Mass ~ O(1 TeV)
* Lifetime > 3 ns
* Curve in magnetic field
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@ Introduction =

- Motivation -

19517 (8 TeV)
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Introduction
- Method -

» Discriminate using:

e General tracks

— Mistaken for a muon
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e Tracker “dE/dx”
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Search variables measurements,
stability and calibration
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- CMS
@ Cross-section of one quarter

of the CMS tracker
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» Single-sided strip layers
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Measuring dE/dx

"'-.,._charged particle track
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|Signal distribution in 300um silicon I

siC3

Nent = 9849

Mean = 2.857e+04

BMS =1.133e+04

Chi2 / ndf = 112.8/75

Width = 1920 +- 48.87

MP  =2.225e+04 +- 73.46

Area =9.918e+06 + 1.016e+
igma = 3136 +- 76.51

Peak = 23512.3
FWHM = 49.8%
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@ Track dE/dx
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dE/dx estimator — mass

computation
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(¥ dE/dx discriminator — distinguish|
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dE/dx discriminator properties

CMS, !
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» Based on Smirnov- § s
Cramér-von Mises test 3
statistic 0.9 ]
- Robust
- Normalized 08 A s i
. . — Hybr?d-2-25
* Gives better separation vy
than dE/dx estimator 0.7} o i
10° 10° 10 1038 Wiy
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EbMS[IIII1[1IIIII1IIIll]IIIlIlI

—Preliminary

<Ia5>

||||||||||||||I||g|||||||||||||||||||||||
-
et
ol
L]
%
:
:
-
.i
.-
H
-
-
T
k]
e
:
=5
-
-
H
=
H
:
-
-
1
H
-
:
-.
H
-
5
L]
..
o
-
-
L.l
:
-
-
-

CTzY It (13 1ev)

_CMSIIIIII[IIII|I|III|I|II||I|IIIII|Iﬁ

" Preliminary ]
- < I > .
;l.la.l. o ' e —_
: . B e -:. L] . -‘ :
— Boe * * " . a. . 0t '.P —
B . O . .. ]
[N I [ I I A S I O I I B

CMS

13




&

 Hit dE/dx Landau-distributed
 dE/dx estimator

dE/dx summary

- Estimate most probable ionisation per unit length
- Used for mass computation

 dE/dx discriminator

CMS, |

- Discriminate sighal (HSCP) from background (MIP

— minimally ionising particle)
- More stable over time (robust)
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* |Information from muon systems

Time-of-flight measurements

— Cathode strips
- Drift tubes

 Measure 1/3 — “inverse velocity”

- 1/B ~ 1 for muons
- 1/ > 1 for HSCP
- 1/ < 1 for tachyons

 Measure mass independently of dE/dx
- p=mpy

CMS, !
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Calibrating 1/ measurements

* Postulate 1/@3 = 1 for muons
» Shift responses of all components
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Estimating track 1/[3

* Each hit gives us a measurement — delay:

-1 IC(St
)6 _1' I

* Weighted mean for tracks

- Based on resolution

CSC: DT, opt =3.0ns
dz \ 2
w; = 0'_2 w; = (n—2) iz’
i n G-DT

g; = 7.0 ns (strip), 8.6 ns (wire)
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Transverse momentum stability

12.9 b (13 TeV)
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Analysis overview
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Analysis strategy

. Tracker Only . Tracker+TOF

" -~ HSCP (becoming neutral)

- Only use dE/dx and - Use all three variables
PT (dE/dX, pt and 1/p)
- Hadron-like signal - Lepton-like signal
e Charge flipping e Scalar tau

e Gluinos/scalar top

guarks
21
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Background sources

* SM tracks with extreme
] energy deposits

Signal distribution in 300um silicon

Entries

» Overlapping tracks

6 +- ?6i51.
Peak =23512.3
FWHM = 49.8%

e [nstrumental sources

0
0000000000000000000000000000000000000000000000
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Benchmark signal models

* R-hadrons

- Split SUSY

- High squark mass assumption (10 TeV) for gluino scenarios
» Lepton-like

- Staus next-to-lightest SUSY particle

- Minimal Gauge Mediated SUSY Breaking (mGMSB)

- mGMSB parameters:

Ain [31, 510] TeV (high mass staus)

Nmes = 3

tan 3 =10

u>1

Cgrav = 10000 (produces long-lived staus)

Mmes/A = 2

 Drell-Yan produced exotic spin %2 fermions
— Neutral under SU(3)c x SU(2).

- Arbitrary electric charge
» Two models: |Q| = 1e and |Q| = 2e
- Couple only to Z bosons and photons

CMS
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Signal Samples

» R-hadrons

— Two interaction models:

* Cloud interaction
» Charge-suppressed model

— Gluino: 100 GeV <M <2600 GeV

» Scenarios with 10% and 50% form gluino
balls

- Stop: 100 GeV £ M < 2600 GeV
* L epton-like HSCP — stau

- Two production channels:

» Pair-produced
» Cascade decays (GMSB)

- 156 GeV <M <1599 GeV

 Drell-Yan production of exotic
fermions

- Electric charge |Q|=1and |Q| =2
- Hypercharge Y =0
- 100 GeV £ M £ 2600 GeV

CMS
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e Muons

Benchmark background models

- Drell-Yan - up
- W - v
 QCD background not included:

- Resource intensive
- Unlikely to enter the final selection

CMS, |
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e Dataset from ICHEP 2016

Data samples

CMS, |

e Tracks come from events with muon/missing Et

- OR of single muon and missing E+ triggers

CMS simuiatio

I Preliminary

CMS simulation
I Preliminary

"y

Trigger Efficiency (%)
Trigger Efficiency (%)
Trigger Efficiency (%)

B of the fastest HSCP

B of the fastest HSCP

Gluino Cascade-prod. stau

T T T T |
CMS simulation
| Preliminary
il'rigg er:
|-~ Muon
| & Overall
0 0.5

B of the fastest HSCP
Pair-prod. stau
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e Preselection

- Ensure track guality!
e Quality tracks are

candidates
- Signal

- Background prediction

Track quality

CMS,/ |

Trk-only Trk+TOF
Track Type Inner Track | Global Muon
4] <21
pPT (GeV) > bb
d, and dy, (cm) < 0.5
Opr/ PT < 0.25
Track x*/d.o.f <5
# Pixel Hits >1
# Tracker Hits >7
Frac. Valid Hits > 0.8
# dE /dx Measurements >5
dE/dx Strip Shape Test yes
Lpi* (AR < 0.3) (GeV) < 50
E..;(AR < 0.3)/p <03
I, (MeV /cm) > 3.0
# TOF Measurements / >7
0'1/[3 / < 0.07
1/ / > 1

27



@ Some preselection control plots
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CMS

‘Compact Muon Solenoid

@ Distributions before the final
selection
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Final selection

Tracker-Only
- p7t > 65 GeV
— dE/dx “discriminator” (I5) > 0.3

Tracker+TOF

- pt > 65 GeV

- dE/dx “discriminator” (l5) > 0.175

- 1/ >1.25

Tracks that pass these cuts are signal candidates

CMS

Tracks that fail either of the selection cuts fall into the control regions

- Used for background prediction

30




@ CMs,
Background prediction method
. Robust and data-driven 1i>1
« “ABCD” method requires A _1/B>some cut
- Uncorrelated variables for % B D
background O
- Signal “confined” to D region A -
» Tracker-Only
- BIA=DIC e
- D =BC/A xA 1/B < some cut
e Tracker+TOF g F H
- AIE=C/IG - C=AG/E
- DIF =CIE - D=CFIE E G
- D = AFG/EN2 > 31

Pt
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Testing prediction on loose

selection cuts

12.9 b (13 TeV)

12 9fb (13 TeV)
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Some match, however, observed signal region could contain signal events.
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Systematic uncertainties
on the background prediction
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Sources of systematic
uncertainties

CMS, !

Source of Systematic Uncertainties

Relative Uncertainty (%)

Signal acceptance Trk-only Trk+TOF
- Trigger efficiency 13 13
- Track momentum scale <5 <14
- Track reconstruction <2 <2
- lonization energy loss <13 <7
- HIP background effect <10 <10
- Time-of-flight - <6
- Muon reconstruction - 2
- Pile-up <2 <2

Total uncertainty on signal acceptance < 20 < 20

Collision background uncertainty 20 20

Luminosity uncertainty 6.2
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CMS

Relative total uncertainty for
various samples
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Analysis results

chs, |
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Results: reconstructed mass

129fb1(13TeV) 129fb‘(13TeV)
E =T T T T T T T T T T 'l :g 2 T T T T I T T T T |
S [CMS Tracker-Only 210 -CMS Tracker + TOF g
% 10° Preliminary ¢ Observed - _:\:: = Preliminary ¢ Observed 3
g E A | Data-based SM prediction 3 = . A | Data-based SM prediction
- [ Gluino (M = 1000 GeV) 10°E [0 Stau (M =494 GeV)
10* = - ] ]
- 246 - - =
- . 10 —
T 1 T =
10—1 10_1 _§
102 10° =
2 o
@ o 0F 1
= 500 1000 . z 8291) 8 0 500 000 _ } ag%

Plots show observed vs. predicted number of events for each mass bin in
the signal region, overlain with a benchmark model. No significant excess
has been found.
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Event passed muon triggers

Quality = 15

* x2/nDof = 0.96
Dz=0,Dxy=0
p =730 GeV
pt = (340 = 50) GeV
n=138
¢ =-0.70
1/3=1.14 £0.07
E/p =0.10

Number of hits = 15; 3 Pixel hits, 12 Strip hits, 3 were
rejected (superimposed tracks)

dE/dx “discriminator” value = 0.23
dE/dx “estimator” value = 4.56 MeV/cm

Mass = 509 GeV

- 290 GeV if 1 sigma lower in momentum
- 310 GeV if 1 sigma lower in dE/dx
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Results: Limit Plots
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Limits on the observed cross-section were put on the benchmark models.
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Results: Mass Limits

CMS, !

Model analysis 2015 analysis 2016 analysis
Gluino f = 0.1 tracker-only | M > 1610 GeV M > 1850 GeV
tracker+TOF | M > 1580 GeV M > 1810 GeV
Gluino f = 0.1 CS | tracker-only | M > 1580 GeV M > 1850 GeV
Gluino f — 0.5 tracker-only | M > 1520 GeV M > 1750 GeV
tracker+TOF | M > 1490 GeV M > 1720 GeV
Gluino f = 05CS | tracker-only | M > 1540 GeV M > 1800 GeV
Stop tracker-only | M > 1040 GeV M > 1250 GeV
tracker+TOF | M > 990 GeV M > 1200 GeV
Stop CS tracker-only | M > 1000 GeV M > 1220 GeV
tracker-onl M > 480 GeV M > 660 GeV
GMBSB Stau trucker+TO%3 M > 490 GeV M > 660 GeV
: tracker-onl M > 170 GeV
Pair Prod. Stau tmcker+ToyP M>240GeV | M > 370GeV
DY O — 1e tracker-only | M > 510 GeV M > 720 GeV
tracker+TOF | M > 550 GeV M > 730 GeV
tracker-only | M > 680 GeV | M > 670 (720) GeV
DY Q = 2e tracker+TOF | M > 660 GeV M > 890 GeV

All the numbers are derived from the observed cross-section. Expected cross-

section in the brackets where it differs by more than £10 GeV.
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Thank you for your attention!

cMs, |
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@ Predicting the signal region
mass spectrum

* Pseudo experiments
BiCi/ Ai X (kii/Ci) x (nij/ B;) = (kyni;/ A;)

- |1 = pseudo experiment index

CMmS |

* k — dE/dx drawn from the “B” region (low p, high dE/dXx)

- | = dE/dx estimator bin index
— n distribution weights applied!

* N —p, drawn from the “C” region (high p, low dE/dx)
- | = p bin index
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