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A full Run 2 analysis

Made of 2 analyses: 2004.05153 (EXO-19-010) and the older 1804.07321 (EXO-18-044)
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See the RAMP talk by Brian Francis
https://indico.cern.ch/event/1023551/

See also the excellent
Thesis of Adam Hart

Look for tracks that “disappear”
In the tracker and after the
pixel detector

l.e. one or more heavy
charged particles that
decay to something neutral
and non-hadronic


https://arxiv.org/abs/2004.05153
https://arxiv.org/abs/1804.07321
https://etd.ohiolink.edu/apexprod/rws_olink/r/1501/10?clear=10&p10_accession_num=osu1517587469347379
https://indico.cern.ch/event/1023551/

Disappearing tracks are a classic LLP sighature:

Canonical example: any BSM electroweak multiplet
where the lightest state is neutral (e.g. minimal DM,
winos, higgsinos, ...)

* Mass splitting is induced by electroweak loops, AM = 166 MeV
e.g. for pure triplet

« Lifetime is suppressed by the mass splitting I' < G%(AM)?

* Neutral component carries off most of the energy »:-ia;g_j_e_MI_Ef_:

1 Therefore having a recast code for the latest searches should be
1 very useful for phenomenologists



E.g. in MSSM with SUSY scalars heavy, get quasi-degenerate
chargino-neutralino pair, decay is via W into pions, or leptons

at smaller mass splitting
Large |u| limiting case, MSSM
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This is a feature of many scenarios: minimal dark matter,
splittheavy SUSY, type-lll seesaw (e.g. 2006.04123) etc



https://arxiv.org/abs/2006.04123

Until recently, the CMS analyses were the
most powerful disappearing track analysis
with full run 2 data

ATLAS also had 36.1 fbtanalysis ... ————— parXiv:1712.02118
... with “tracklet” efficiencies for “strong” and
“weak” production + SimpleAnalysis cod
These are incorporated into
llpRecasting Codes and CheckMATE 2
Recently full 136 fb* results were released,
no HEPData/paper yet (is it the same as for
the previous paper?)

HEPData: 78375

ATLAS-CONF-2021-015

The ATLAS information is a blessing
but also: how model-independent is it?

Don’t have this “problem” for the
CMS analyses!

: i
50FATLAS Similation 1 10.05

Vi

It will be very interesting to o
-2.5-2-15-1-050 05 115 2 25
gpﬁmparte thedtvlvo approaches for e
ifferent models



https://www.hepdata.net/record/78375
https://github.com/llprecasting/recastingCodes
https://arxiv.org/abs/1712.02118
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-015/

* Analysis focussed on charginos in SUSY decaying to near-degenerate
neutralinos (plus pions or leptons).

 Two sets of HEPData material: ins1669245 and ins1790827

* Detailed cutflows for 300 GeV and 700 GeV charginos, for ct=10cm,
100cm, 1000cm for each signal region!

» Tables of acceptances for single and double charged track events for
each signal region, masses 100 — 1100 GeV in 100 GeV steps, 45
lifetimes in logarithmic steps from ct=0.2cm to 10000cm!

* Spectrum files suitable for Pythia input
* No efficiencies or similar; cutflows/acceptances at rather low stats



https://www.hepdata.net/record/ins1669245
https://www.hepdata.net/record/ins1790827

Triggers followed by a cut on MET (120 GeV) — without muons

At least one high-pT jet (110 GeV), no jets within |[A®| < 0.5 of the MET = r===r===immmn n

vector . Long-lived
- charginos get
Remaining cuts are all on the tracks: pT > 55 GeV ccccmcmmaccaaaaaos | mistaken for
+ Pileup! L d get
« - . muons and ge
Sufficiently isolated i included in MET

calculation!

No missing hits in the pixel detector, no missing inner hits :

Sufficiently separated (AR < 0.5) from jets, (AR < 0.15) from electrons,
muons <

Must actually disappear! That means, >2 missing outer hits, < 10 GeV
calorimeter energy around the track.



* Extra complication: data split into 6 different data taking periods! 2015,

2016A/B, 2017, 2018A/B (due to malfunctioning parts of detector)
* Three signal regions per data period (=18 signal regions in total!)
depending on number of tracker layers that have been hit!

Expected Background

Observed Events

Period || Integrated Luminosity (fb—1) May =4 | Nay =9 | May =6 || Nay =4 | Nlay =D | Niay > 6
2015 2.7 — — 0.1+0.1 — — 1
2016A 8.3 — — 2.4 +0.6 = — 2
20168 27.4 — — 4.0+ 1.1 — — 4
2017 42.0 122+48 | 2.14+0.7 | 6.7+1.3 17 4 6
2018A 21.0 73135 06+03 | 1.8+0.6 5! 0 2
2018B 39.0 10.3+£54 | 1.04+£03 | 5.7+£1.3 11 2 1

I Layers correspond to ~ 20cm, 20-30cm, >30cm transverse distance, but cannot apply
¥ this naively: we need to model the tracker.



To accurately model MET, can’t use LO pythia + data-driven corrections as CMS does, so
instead use MadGraph with up to 2 additional jets & either MLM, CKKW-L or MadGraph

MLM matching (‘(HEPMC’):

‘_ | trge =700 GeV, er = 10em
== J_ == CKEW-L§%, 7~
g 0. I —. CKKW-L 7%, 7
w == MLMi", §7
o~
5 oo MLM £%, i
> —

w |
Y
O o0 i
: -
2 T
t o l
o = =
3 L
2 1
Q. ooo -1
e 2,
e T
0.000 . ; . . . —"""""'1—3":-0
a &0 10 150 2 250 00 350 w0

MET (GeV)

[URR LI T

00014

o1z

LR TN

L0E

(R UL

LUERLES ]

Proportion of events/GeV

0.0002

0.000d

nr ) e CKKWAf, 17
- —+ CKKW-L 7%, 7"
I 4 == MLM 3%, 5~
L.—E_. MLM 7=, "
Here the long-lived _
winos look like muons |
T e

o

50

T T T T T T T
1 150 pat i) 250 3o a5l 4o

MET (GeV)

Cut on tail - can be significant differences after triggers even if generally good
agreement: matching/merging differences lead to ~ 20% uncertainty in the end.




Model tracker as set of discs
or cylinders, and work out
which layers are hit by each
charged track

Assign hit probability of
94.5%

Allow charged hadrons to be
fake tracks

Implemented track isolation
including hadrons since
don’t have efficiencies for
these

Using particle-level
information (i.e. no Delphes)

Component Layer positions (mm)
Inner Barrel (radii) || 230 300 400 500
[nner discs (z) 775 900 1025
Outer barrel (radii) | 608 692 780 868 965 1080
Endcaps (z) 1250 1400 1550 1700 1950 2000 2225 2450 2700
300 GeV, 10cm 700 GeV, 10cm
Cut EICMS ‘ e?im, HEPMC GICMS ‘ efim, HEPMC
total 105000 LO*000 1.0Y0.00 .04 00
trigger 9.17018 x 1072 | 9.27008 x 1072 || 157002 x 1071 | 157051 x 107!
passes piti*® filters 9.17018 x 1072 | 9.27009 x 1072 || 147002 x 1071 | 157061 x 107!
P > 120 GeV 8.97018 x 1072 | 9.27008 x 1072 || 147002 x 1071 | 157001 x 107!
> 1jet with pr > 110GeV and [ < 2.4 | 8.07073 x 1072 | 7.57009 % 1072 || 1.3700% x 1071 | 1.37001 x 107
—=0 pairs of jets with Adje, jor > 2.5 7.07075 x 1072 | 6.370 08 x 1072 || 11700 x 1071 | 1.1T00) x 1071
|A¢(leading jet, 7E'*%)| > 0.5 7.07005 x 1072 | 6.370 08 x 1072 || 11700 x 1071 | 1.1F00) x 1071
> 1 track with [n] < 2.1 6.87015 x 1072 | 6.37008 x 1072 || 117001 x 1071 | 11705 x 1071
> 1 track with pr > 55 GeV 3.2 008 x 1072 | 3.07008 x 1072 || 477040 x 1072 | 4.77008 % 1072
> 1 track passing fiducial selections Zotggg x 1072 231_382 x 1072 31:282 x 1072 361_832 x 1072
> 1 track with > 4 pixel hits 117508 x 1072 | L7H500 x 1072 || 177008 x 1072 | 2.67002 x 1072
> 1 track with no missing inner hits ].].tggr: x 1072 1?1_383 x 1072 17tg82 x 1072 201_833 x 1072
__ 21 track with no missing middle hits___ || 1.0T02 x 1072 | 131507 x 1072 || 155002 x 107 | 2,070 x 1072 |
> 1 track with relative track isolation < 5% 51t8§§ x 1073 62+8§8 x 1073 || 5 3t8§i x 1073 | 6 2+8§:§ x 1073
____________________________________ b7 Sy Wngitrs 11 S| Ry - ORI Baiire 2+ S




Good agreement at
the level of cutflows

700 GeV, 1000 cm, region 2017

Cut CMS em HEPMC | ™, CKKW-L Es-iim MLM
i 1 1 1
.00 i +0.00 +0.00 0.0
total ill'.l 82 000 1 +logl 000 1 |10 21 0.00 |ln 21 0.00
trigger 2.0 0.02 x 10 1.8 001 x 10 2.1 001 x 10 1.7 0.01 x 10
passes P filters 2.0° (:2 x 1071 | 1.87 fi.f}l x 1071 | 2.1 D.ﬂ{ x 1071 | 1.7 ﬂ:ﬂ% x 1071
PR S 120 GeV llajgﬁg x 10 1 8:5% x 10 1 2. l:ﬁﬁi x 10 : l.T:ﬁzﬁi x 10 i
> 1 jet with pr > 110 GeV and |y| < 2.4 1.4 88% x 10 1.4 8 8% x 10 1. 4 88} x 10 1.0 Hg}g x 10
>1 trar:k with |n| <21 1.2 o2 X 10 127551 x 10 11,5 x 10 8.8 s X 10
> 1 track with pr > 55 GeV L1002 x 1071 | L1706 x 1071 | 107001 x 1071 | 827005 x 1072
> 1 track passing fiducial selections T.._.J i ﬁig x 1072 | 8.7° Eigg % 10 ‘2 3.7' Eﬁg x 10 3 6.9" Eﬁ% x 1072
> 1 track with no missing inner hits 5.97 g%g x 1072 8 EiHE x 10 2 7' 082 x 10 2 3.87 Hgg x 1072
> 1 track with no missing middle hits 5.4 o010 X 10 2148 [::Dﬁ x 1072 7' %1072 | 3.8 ﬂﬂg x 1072
> 1 track with relative track isolation < 5% | 4.67 g%g x 1072 | 3.8 ggg x 1072 | 3.5 gg; x 1072 | 2.91 ggz x 1072
> 1 track with |dyy| < 0.02cm 4.6 ﬁiﬁ x 1072 | 3.87 §§§ x 10 2 3.5 Eﬁ x 10 3 2.9 ﬁﬁ x 1072
> 1 track with |d.| < 0.5cm 467070 x 1072 | 38700 x 1072 | 357002 x 1072 | 29102 x 1072
; ‘ . L = v =
> 1 track with AR(track, jet) > 0.5 4.57 g-}g x 1072 | 3.75006 x 1072 | 3.4 g;gg x 1072 | 2.8 g;gg x 1072
> 1 track with AR(track, electron) > 0.15 4.0*0 0.‘j x 1072 | 3.77006 o 10-2 | 341005 » 1p-2 | 2.810.00 (-2
0.09 0.06 (.05 0.05
> 1 track with AR(track, muon) > 0.15 1.7° g gg x 1072 | 2.5 +8 g: x 1072 | 2.31 ggi x 10-2 | 1.910 gi x 1072
> 1 track with AR(track, 7,) > 0.15 L7000 % 1072 | 255008 x 1072 | 2.3%001 x 1072 | 1.97 g ol x 1072
> 1 track with Ecal, < 10 GeV 161008 % 1072 | 257502 x 1072 | 2.37001 x 1072 | 1.9%051 x 102
(.06 0.05 (.04 0.04
> 1 track with > 3 missing outer hits 5.47 H;; x 1072 | 5.7° Hjé x 107° | 5.17 Hji x 107° 4,4 I }H:{ x 1077
> 1 track with 4 layers 8.17 i ég x 1074 ﬁ.g’ﬁéé x 107° 6.8”&{;;& x 107% -5.9'}&’:% x 107%
> 1 track with 5 layers 6.6 19 X 10 11847 0.5 X 10 11 6.9 =o % 10 11 6.9 o7 x 10 4
> 1 track with > 6 layers 4.0° g g:}; x 1073 | 4.17 EHE x 1073 | 3.6 g%g x 1073 | 3.0 312 x 1073




Can use the excellent table of acceptances to quantify ‘total error’:

5= S (eEMS —e)L;

i € {2015,2016A4, 20163, 2017, 2018 A, 2018 B}

Chargino + neutralino events: Chargino + chargino events:
CKKW-L merging CKKW-L merging
Mass (GeV) Mass (GeV)
Decay Length (cm) | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 Decay Length (cm) || 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100
0 5% 1 14% | 6% | 5% | 13% | 8% | 3% | 2% | -20% | -23% 10 52% | 42% | 32% | 19% | 13% | 13% | 6% | 3% | -4% | -30% | -25%
100 35% | 40% | 30% | 10% | 4% | 25% | 10% | 10% | -18% | -12% 100 53% | 35% | 14% | 16% | 17% | 13% | 6% | -13% | -10% | -11%
1000 7% 133% 1 26% | 47% | 20% | 24% | 30% | 31% | -19% | -48% 1000 59% | 17% | 48% | 50% | 32% | 26% | 19% | 16% | 10% | -40% | -12%
10000 25% | 16% | 21% | 6% | -18% | -30% | -36% | -23% | -36% | -47% | -1% 10000 30% | 20% | 12% | 5% | -66% | -14% | -57% | -29% | -31% | -49% | -25%
MLM matching MLM matching
Mass (GeV) Mass (GeV)
Decay Length (cm) | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 Decay Length (cm) | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100
10 56% 136% | 21% | 25% | 31% | 29% | 25% | 19% | 2% 3% 10 46% | AT% | 42% | 32% | 28% | 27% | 24% | 21% | 15% | -T% | -5%
100 30% | 46% | 47% | 33% | 24% | 39% | 31% | 27% | 4% | 9% 100 50% | 40% | 31% | 33% | 29% | 28% | 23% | 11% | 9% | 6%
1000 5700 1400, 1 39% | 56% | 350 1 35% 1 46% | 50% | 16% | 26% 1000 92% | 30% | 65% | 51% | 33% | 35% | 31% | 37% | 31% | -28% | -15%
10000 34% 129% 143% [31% | 7% 1 -10% | 2% | 5% | 6% | -20% | 22% 10000 33% | 3% | 26% | 19% | -34% | 1% |-29% | -1% | -12% | -19% | 2%




104 4
Easier to interpret: reproduce
exclusion plot
1{]3_
Acceptance rapidly varying é 102
function of lifetime, cross- F Recast of CMS-EXO-19-010
section rapidly varies with _
mass, so it can be quite R
forgiving albeit significant " = CMSEXO-19-010
uncertainties due to matching/ g CMS observed
merging remain. | =1 CMS expected
P ---- CKKW-L
1073 —— MLM
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Model of (hyper)charged scalar + neutral fermion:

1 I
L= E_gf.,—_r - m§i|3_|2 - E/\gls_rl - }\3|S_|2|H|2 - [yRSS ECXG — 5?’3’15&[1}(0%0 + h.c.]

Prototype of RH slepton + bino

Scalar decays only to lepton + neutralino : 5
: ; : ~6

Long-lived if accidentally small mass or ~100 e x ( mg= ) [ J0MeV 35X 10

difference - 100 GeV/ \ mgz —mygo YRs

R-parity means only double track events

But can also be DM

Small production cross-section




Complementarlty of

. disappearing tracks,

heavy stable charged
particles and DM
searches!
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Code and recasting material online at llpRecasting repo and in2p3 gitlab pages site“%

With Jack Araz, Benj Fuks, Manuel Utsch, we’ve been working on implementing an
LLP toolbox in MadAnalysis5 SFS. This analysis is now in it ... see talk by Jack Araz

Will be very interesting to compare the code for other models ...

... and also to compare with the ATLAS analysis when the full dataset is recastable,
to compare approaches.

Most useful would be a way of comparing the simple tracker modelling with the real
thing!

But wouldn’t have been possible without feedback, which in turn was only possible
thanks to the CERN long lived particles workgroup and these LLP workshops. These
interactions are fun and very useful!


https://github.com/llprecasting/recastingCodes/tree/master/DisappearingTracks/CMS-EXO-19-010
https://goodsell.pages.in2p3.fr/hackanalysis/
https://longlivedparticles.web.cern.ch/

BACKUP




Consider e.g. 100 GeV wino, 2018A,
single charged track events, 4 layers:

Decay length (cm) Acceptance
0.2 6.4x 107 +6 x 107
Data only meaningful for 1 115 x 1077 £ 7.4 x 107°
intermediate lifetimes \$ 2 9.0 x 1072 £4.0 x 1077
10 5.6 x 107 £ 1.5 x 1074
100 24x 1071 £1.0x 1071
1000 2.5 % 1072 £2.5 x 1077

10000 43x107°+£4.3x107°




Experimental cutflows for 300 GeV winos

| Cut r',ﬁ 10em rFﬁ 100cTm r?]"s 1000
total Lot Lot 107000

trigger 010 %102 | 957014 w1072 | 981011 & llfF'l2

passes pii* filters u,ltﬁ;ii 102 | 954014 5 102 g.st";i; x 1072

= > 120 GeV 8940 1072 | 933013 x 1072 | 957011 = 102

= 1 jet with pr > 110GeV and || < 2.4
==() pairs of jets with Adjer, jer > 2.5
| Al leading jet, 7)) = 0.5
= 1 track with || < 2.1
= 1 track with pr = 535 GeV
= 1 track passing fiducial selections
= 1 track with = 4 pixel hits
= 1 track with no missing inner hits
= 1 track with no missing middle hits
= 1 track with relative track isolation < 5%
> 1 track with || < 0.02cm
= 1 track with |d.| < 0.5cm
= 1 track with Afi{track, jet) = (L5
= 1 track with AR{track, electron) = 0.15
= 1 track with AR(track, muon) > (.15
= 1 track with AR(track, n,) > 0.15
= 1 track with E.,, < 10GeV
= 1 track with = 3 missing outer hits
S(pii=) < —1.6 or G(pi=*) > —0.6
= 1 track 4 layers
= 1 track 5 layers
= 1 track with > 6 layers

b} u+H 'Ig 10~ 2
=—i.13

701012 x 1072
7.07012 % 1072
6.815 12 x 1072
32+Hi!l§ IU—E

=108
| 006

008
L1Zogs
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x

b o
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x

x
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LOTH2 = 1072
511032 % 107%
F_I+D.32 - ID—E

.o

b4

o

b4

a0

e

x

o

x

e

5.17 020 % 10~
5.nt3;§§ 103
49703 m'_:i
43*2;§i 103
48703 x 107
4875 10—
11”:%;31 103
4.uf§-§§ 104
22453 x 1072

9.4+130 o 104
9.2+ 13% = 104

8.2 18 x 102
7.140-1 % 102
714 x 102
7.038-22 5 10-2
EJ.EI“:DE * 102
3.8+000 x 1072
253007 x 1072
254500 x 102
2.9+0-07 % 10-2
1.83508 x 102
l_gtﬂ-ﬂﬁ % -“:'—2
LE'PB'I

x 1072
l.Tfﬁ_gE x 1072
1.7¢ 505 X 1072
163508 5 102
1670 8 . 10-2

Ch.0MG
R ]
a.aiﬁ-ﬁ x 103

T 3+11.';+H w 103

=03
l.-ifﬁ'ﬁ s 1~

143517 » 103
52024 % 103

l.l_ulg = lﬂ )
7.1?&% X m-:
?'niﬂzif x 107
61101 = 1072
4.21@;”5‘ % 102
2.01008 X 1u-'f
2.9700e % 1072
25207 x 1072
21700 x 10-2
2148000 . 10-2
E.IIBHE w lu—ﬂ
z.lzﬁ;gg <1072
1'9;H5'1’!*5 X m_w
661037 % 107
ﬁﬂiﬂ‘%; w 10—3

ﬂ.ﬂg
= o3 w 10 3

iR

E.Ufﬁjﬁ x 1073
1.ﬁi§;;*; % 10~%
H.Efu:_&% % 1079
2.01053 % 1074
113538 x 107

Table 1: Cutflow comparison for signal region 20188




Experimental cutflows for 300 GeV winos

| Cut et ] Oem ¢t 100cm e 1000em ||
total 1.07 5 LOY o 1.0
trigger 911010 x 1072 | 957011 x 1072 | 981011 x 1073
passes pit*™® filters 9.1+ x 1072 E].E:u‘ﬂ:H x10-2 | 9.83014 x 102
P = 120 GeV 897013 x 1072 | 9.3%5 10 x 1072 | 9, “jﬂj‘ a2
> 1 jet with pr > 110GeV and [y| < 24 || 8.0%075 x 1072 | 8.2%015 x 1072 | 8.25 1P
==0 pairs of jets with Agje, jor > 2.5 701G x 1072 | 720 x 1077 | T ©
|Ag(leading jet, 7RE=)| = 0.5 7.0 :é x 102 | 714515 x 1072 | 7.133 GC)
> 1 track with || < 2.1 681012 %1072 | 7 [}“ﬂ,;‘tg x 1072 | 7.010] = 1
> 1 track with pr > 55 GeV 327000 '“_.E BTy X m-f’ 6.1 &=
> 1 track passing fidueial selections 211008 x 102 | 383000 » 10-2 | 4.210+ m
= 1 track with = 4 pixel hits llf:::jé » 1072 | 25300 x 1072 | 2,954
= 1 track with no missing inner hits 111082 x 1072 | 25400 x 1072 | 2.0%8: 0.8
= 1 track with no missing middle hits lﬂl:;:];' %1072 | 2 Elﬂ::; x 10—2 _..-1_':-”
> 1 track with relative track isolation < 5% || 517037 x 107% | 1.8*000 » 1072 | 2,171
> 1 track with |dy| < 0.02em 511002 % 1073 | 182000 « 102 2.1+°-§ 0.6
= 1 track with |d.| < 0.5cm 51+:=§§ b lI'_l'_i5 1 H'Hr{ﬂ; * ll.ZI_I2 e by
= 1 track with Afi{track, jet) = (L5 5Hf:':j55.}_ x 1073 J.Tfl",::;' 1072 | 2, Lfﬂk
> 1 track with AR(track, electron) > 0.15 || 4.9703] % 1073 | 177008 x 1072 | 1, Jﬂjk 04
> 1 track with AR(track, muon) > 0.15 481030 % 107% | 163000 5 1072 | 6.6
> 1 track with AR(track,n,) > 0.15 481020 x 1073 | 1.6%00 x 1072 | 6. utﬁ~
> 1 track with E.y, < 10GeV 43'[; *} x 1078 | 15 1‘[‘,;% x 1072 | 6.51)° 0.2
> 1 track with > 3 missing outer hits 17405 x 1072 | 88757 x 1073 | 2,041
B(pi=) < —1.6 or p(p=) > —0.6 .1n+” é“ x 1073 | 787050 x 1075 | 1675
= 1 track 4 layers 21’::2} x 1078 L-Lfl{:}'? w1073 | 3 ".n"':if_: 0
= 1 track 5 layers 947155 x 107 | 143517 % 10-% | 2. ot
> 1 track with > 6 layers 9.2+134% . 104 | 524032 193 | 4 1*_3]

Table 1: Cutflow comparison for signal region 20188

Need MET trigger
efficiencies from

1903.06078

—— |1
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35.9fb" (13 TeV)
] 1 I

g
400

500
sts [GeV]


https://arxiv.org/abs/1903.06078

Experimental cutflows for 300 GeV winos

| Cut r',ﬁ 10em rFﬁ 100cTm r?]"s 1000
total Lot Lot 107000

trigger 010 %102 | 957014 w1072 | 981011 & llfF'l2

passes pii* filters u,ltﬁ;ii 102 | 954014 5 102 g.st";i; x 1072

= > 120 GeV 8940 1072 | 933013 x 1072 | 957011 = 102

= 1 jet with pr > 110GeV and || < 2.4
==() pairs of jets with Adjer, jer > 2.5
| Al leading jet, 7)) = 0.5
= 1 track with || < 2.1
= 1 track with pr = 535 GeV
= 1 track passing fiducial selections
= 1 track with = 4 pixel hits
= 1 track with no missing inner hits
= 1 track with no missing middle hits
= 1 track with relative track isolation < 5%
> 1 track with || < 0.02cm
= 1 track with |d.| < 0.5cm
= 1 track with Afi{track, jet) = (L5
= 1 track with AR{track, electron) = 0.15
= 1 track with AR(track, muon) > (.15
= 1 track with AR(track, n,) > 0.15
= 1 track with E.,, < 10GeV
= 1 track with = 3 missing outer hits
S(pii=) < —1.6 or G(pi=*) > —0.6
= 1 track 4 layers
= 1 track 5 layers
= 1 track with > 6 layers

b} u+H 'Ig 10~ 2
=—i.13

701012 x 1072
7.07012 % 1072
6.815 12 x 1072
32+Hi!l§ IU—E

=108
| 006

008
L1Zogs
L1705

o

x

b o

4

o

x

x

x 1072

% 102

x 1072
LOTH2 = 1072
511032 % 107%
F_I+D.32 - ID—E

.o

b4

o

b4

a0

e

x

o

x

e

5.17 020 % 10~
5.nt3;§§ 103
49703 m'_:i
43*2;§i 103
48703 x 107
4875 10—
11”:%;31 103
4.uf§-§§ 104
22453 x 1072

9.4+130 o 104
9.2+ 13% = 104

8.2 18 x 102
7.140-1 % 102
714 x 102
7.038-22 5 10-2
EJ.EI“:DE * 102
3.8+000 x 1072
253007 x 1072
254500 x 102
2.9+0-07 % 10-2
1.83508 x 102
l_gtﬂ-ﬂﬁ % -“:'—2
LE'PB'I

x 1072
l.Tfﬁ_gE x 1072
1.7¢ 505 X 1072
163508 5 102
1670 8 . 10-2

Ch.0MG
R ]
a.aiﬁ-ﬁ x 103

T 3+11.';+H w 103

=03
l.-ifﬁ'ﬁ s 1~

143517 » 103
52024 % 103

l.l_ulg = lﬂ )
7.1?&% X m-:
?'niﬂzif x 107
61101 = 1072
4.21@;”5‘ % 102
2.01008 X 1u-'f
2.9700e % 1072
25207 x 1072
21700 x 10-2
2148000 . 10-2
E.IIBHE w lu—ﬂ
z.lzﬁ;gg <1072
1'9;H5'1’!*5 X m_w
661037 % 107
ﬁﬂiﬂ‘%; w 10—3

ﬂ.ﬂg
= o3 w 10 3

iR

E.Ufﬁjﬁ x 1073
1.ﬁi§;;*; % 10~%
H.Efu:_&% % 1079
2.01053 % 1074
113538 x 107

Table 1: Cutflow comparison for signal region 20188




Experimental cutflows for 300 GeV winos

| Cut r'l'ﬁ 10em :I-T_E 100cm rﬁ"s 1000cIm
total L.oFom L.o¥om Lotom
trigger 9.1t :: x 1072 | 95701 1072 | 9.81011 &« lﬂ 2
passes pit*™® filters 9.1+07 H x 1072 | 95 ”'n 102 | 9810 jf} % 102
mis 5 120 GeV gor0ld  jo-2 | g3l -2 | 9530l 4o
=1 jet withp;r = 110GeV and || < 2.4 HU+EE E% x 1072 Bdfi},ﬁ x 107% E : fi-HE w 107
==0 pairs of jets with Adje, jer > 2.5 TOTGE % 1072 | 702000 x 1072 | 70205 x m-_
|Ag{leading jet, 7| > 0.5 701012 x 1072 | 713513 x 1072 | 713515 x 1072
> 1 track with |n] < 2.1 ﬁ.ﬁlﬁ;&i_zc.lu. i Bl ‘_E.‘t% .Lsz_ . u'.giff' X102,
> 1 track with pr > 55 GeV 3.2 08 x 1072 “+“ 10 * 1072 | 61100 = 1072
= 1 track passing fiducial selections I.! 11008 < 1072 | 3.8+ x 1072 | 424040 % 1072
> 1 track with > 4 pixel hits 1. 1t:,_1j; x 1072 | 2.5 i‘[’, or X 1072 | 291008 % 102
= 1 track with no missing inner hits :1 142 ﬂ'.r-f x 1072 | 251007 x 1072 | 2,908 % 10 1
Z 1 track with no missing middle hits |1 l'll:;ﬂr % 1072 | 2. 21‘; ::T 10-2 | 2.57 :] :n],r w 1072
> 1 track with relative track isolation < 5% [[:5 1+5; 32 % 107% | 182008 »c 1072 | 21100 m-*}
> 1 track with |dy| < 0.02em ST 5 e n'*'g'“-" 10~ 2.1100F T 10-#
> 1 track with |d.| < 0.5¢cm 5 1+H jg x 1073 | 181008 x 1072 | 2, 1+LI 0 X 102
= 1 track with Afi{track, jet) = (L5 ail*’ﬂ a3 X 1~ ]'T+l'|ll.')h 1072 | 2, l"' x =2
> 1 track with AR(track, electron) > (.15 || 4. Qf:;:i x 107% | L7008 x 1072 | 1, ,}f“t”fr: x 10~*
> 1 track with AR(track, muon) > 0.15 43'2 X 10-? 1608 5 1072 | 6. ﬁ‘ﬂ'.% x 1073
= 1 track with AR(track,n,) > 0.15 3T§~§i x m-: ﬁTH% x m-z 6. GTH 37 % m-i
= 1 track with E ., < 10GeV -1 & 1077 | 1.5 = 10 i w107
> 1 track with > 3 missing outer hits EEI x 10~3 Hﬁfﬁ% x 10-3 ﬁ%ﬁj x 1073
B(pi=) < —1.6 or p(p=) > —0.6 4u+% é“ x 107% | 7871 "‘f; x 1073 1.[#:” 18 o103
= 1 track 4 layers _:”i x 1078 l.-if[{ }r =3 | 3. ".»"':'J' :j % 1079
= 1 track 5 layers 941102 % 1074 | 143575 x 1073 | 2.0152 = 1074
> 1 track with > 6 layers 9.2+184 o g4 | 524032 193 | 114015 93

Table 1: Cutflow comparison for signal region 20188

Naively need pileup
events for isolation and
charged hadronic tracks



Experimental cutflows for 300 GeV winos

| Cut r',ﬁ 10em rFﬁ 100cTm r?]"s 1000
total Lot Lot 107000

trigger 010 %102 | 957014 w1072 | 981011 & llfF'l2

passes pii* filters u,ltﬁ;ii 102 | 954014 5 102 g.st";i; x 1072

= > 120 GeV 8940 1072 | 933013 x 1072 | 957011 = 102

= 1 jet with pr > 110GeV and || < 2.4
==() pairs of jets with Adjer, jer > 2.5
| Al leading jet, 7)) = 0.5
= 1 track with || < 2.1
= 1 track with pr = 535 GeV
= 1 track passing fiducial selections
= 1 track with = 4 pixel hits
= 1 track with no missing inner hits
= 1 track with no missing middle hits
= 1 track with relative track isolation < 5%
> 1 track with || < 0.02cm
= 1 track with |d.| < 0.5cm
= 1 track with Afi{track, jet) = (L5
= 1 track with AR{track, electron) = 0.15
= 1 track with AR(track, muon) > (.15
= 1 track with AR(track, n,) > 0.15
= 1 track with E.,, < 10GeV
= 1 track with = 3 missing outer hits
S(pii=) < —1.6 or G(pi=*) > —0.6
= 1 track 4 layers
= 1 track 5 layers
= 1 track with > 6 layers

b} u+H 'Ig 10~ 2
=—i.13
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7.07012 % 1072
6.815 12 x 1072
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4.uf§-§§ 104
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9.4+130 o 104
9.2+ 13% = 104

8.2 18 x 102
7.140-1 % 102
714 x 102
7.038-22 5 10-2
EJ.EI“:DE * 102
3.8+000 x 1072
253007 x 1072
254500 x 102
2.9+0-07 % 10-2
1.83508 x 102
l_gtﬂ-ﬂﬁ % -“:'—2
LE'PB'I

x 1072
l.Tfﬁ_gE x 1072
1.7¢ 505 X 1072
163508 5 102
1670 8 . 10-2

Ch.0MG
R ]
a.aiﬁ-ﬁ x 103

T 3+11.';+H w 103

=03
l.-ifﬁ'ﬁ s 1~

143517 » 103
52024 % 103

l.l_ulg = lﬂ )
7.1?&% X m-:
?'niﬂzif x 107
61101 = 1072
4.21@;”5‘ % 102
2.01008 X 1u-'f
2.9700e % 1072
25207 x 1072
21700 x 10-2
2148000 . 10-2
E.IIBHE w lu—ﬂ
z.lzﬁ;gg <1072
1'9;H5'1’!*5 X m_w
661037 % 107
ﬁﬂiﬂ‘%; w 10—3

ﬂ.ﬂg
= o3 w 10 3

iR

E.Ufﬁjﬁ x 1073
1.ﬁi§;;*; % 10~%
H.Efu:_&% % 1079
2.01053 % 1074
113538 x 107

Table 1: Cutflow comparison for signal region 20188




Experimental cutflows for 300 GeV winos

| Cut r','ﬁ 10em rFﬁ 100cm r?]"s 1000cIm
total L.oFom L.o¥om Lotom
trigger 010 %102 | 957014 w1072 | 981011 & llfF'l2
passes pii* filters 9.1 'g;ii x 1072 | 954012 x 102 9.3*";13 x 1072
PRI = 120 GeV 891015 x 1072 | 933018 x 1072 | 9,511 % 1072
> 1 jet with pr > 110GeV and || < 24 || 801013 « 1072 | 827010 x 1072 | 827014 = 1072
==0 pairs of jets with Agje, jor > 2.5 701505 % 1072 | 7200 x 1072 | 7T x 1072
|Ag(leading jet, 72==)| = 0.5 70001 %1072 | 713012 1072 | Tt x 1072
> 1 track with || < 2.1 ﬁ.ﬂlﬁj{ié % 1072 miﬁ;‘tg % 1072 ?.nlﬁ;’l‘f’ % 1072
= 1 track with pr > 55 GeV 32100 % 10~2 | 55800 % 1072 | 6.1%31 x 10-2
= 1 track passing fiducial selections 2.1f%‘§5 x 1072 1813’% x 1072 4.?':%:':'9 x 1072
> 1 track with > 4 pixel hits L1ge x 1072 | 25%050 x 1072 | 2,954, x 1072
= 1 track with no missing inner hits 111052 10~2 | 2530 0F % 1072 | 291505 « 102
= 1 track with no missing middle hits LO0Yoe % 1072 | 223007 x 1072 | 252507 % 1072
2 1 track with relative track isolation < 5% || 517555 x 107% | 1L8¥508 > 1072 | 217407 % 1072
> 1 track with |d.| < 0.02 cm 511032 % 1072 | 184008 5 1072 | 211007 < 1072
= 1 track wthl ||:!i|| < (.5 em 511’%% x 1073 lﬁfgﬁ x 102 Elfggi w 10~2
= 1 track with Afi{track, jet) = (L5 5.ﬂ'fﬂj;,2 x 1073 l..?fn_m_; x 102 2.lfu:gﬁ x 1072
= 1 track with AR(track, electron) > 0.15 .191':;:% x 1[]'_i'j 1.7 ae x 1072 | Lotg s
> 1 track with AR(track, muon) > 0.15 4.3*2&1 x 1073 | 1L6F008 5% 1072 | 6. 0 103
> 1 track with AR(track,n,) > 0.15 .1_3?;_%1 % m-: 1_5;3% X m-z ﬁ.ﬁ::ﬁ:é}g % m-i
= 1 track with E ., < 10GeV 48055 = 1077 | 152y x 10 5.5 g ® 107
> 1 track with > 3 missing outer hits -L'i"fﬁj%{ x 10~3 H.Hfﬁﬁ% x 1073 | 2, fﬁ:ﬁ x 1073
G(pii=) < —1.6 or P(piti=) = 0.6 4.ut%-§g % 107 ?.sjﬁj;g x 1073 1.ﬁi§-}§ % 10~%
= 1 track 4 layers E.Zf:]:.ﬁ x 1078 L-if”:}-r. s 1~ H.Bfu:i% % 1079
> 1 track 5 layers 9477132 x 1074 | 143517 x 1073 | 2,073 5; = 104
> 1 track with > 6 layers 924131 x 1074 | 5.2%038 x 1073 | 11401 = 1073

Long-lived charginos
look like muons!

=

Table 1: Cutflow comparison for signal region 20188



Experimental cutflows for 300 GeV winos

| Cut r',ﬁ 10em rFﬁ 100cTm r?]"s 1000
total Lot Lot 107000

trigger 010 %102 | 957014 w1072 | 981011 & llfF'l2

passes pii* filters u,ltﬁ;ii 102 | 954014 5 102 g.st";i; x 1072

= > 120 GeV 8940 1072 | 933013 x 1072 | 957011 = 102

= 1 jet with pr > 110GeV and || < 2.4
==() pairs of jets with Adjer, jer > 2.5
| Al leading jet, 7)) = 0.5
= 1 track with || < 2.1
= 1 track with pr = 535 GeV
= 1 track passing fiducial selections
= 1 track with = 4 pixel hits
= 1 track with no missing inner hits
= 1 track with no missing middle hits
= 1 track with relative track isolation < 5%
> 1 track with || < 0.02cm
= 1 track with |d.| < 0.5cm
= 1 track with Afi{track, jet) = (L5
= 1 track with AR{track, electron) = 0.15
= 1 track with AR(track, muon) > (.15
= 1 track with AR(track, n,) > 0.15
= 1 track with E.,, < 10GeV
= 1 track with = 3 missing outer hits
S(pii=) < —1.6 or G(pi=*) > —0.6
= 1 track 4 layers
= 1 track 5 layers
= 1 track with > 6 layers
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8.2 18 x 102
7.140-1 % 102
714 x 102
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EJ.EI“:DE * 102
3.8+000 x 1072
253007 x 1072
254500 x 102
2.9+0-07 % 10-2
1.83508 x 102
l_gtﬂ-ﬂﬁ % -“:'—2
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x 1072
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163508 5 102
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2.01008 X 1u-'f
2.9700e % 1072
25207 x 1072
21700 x 10-2
2148000 . 10-2
E.IIBHE w lu—ﬂ
z.lzﬁ;gg <1072
1'9;H5'1’!*5 X m_w
661037 % 107
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ﬂ.ﬂg
= o3 w 10 3
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E.Ufﬁjﬁ x 1073
1.ﬁi§;;*; % 10~%
H.Efu:_&% % 1079
2.01053 % 1074
113538 x 107

Table 1: Cutflow comparison for signal region 20188




Experimental cutflows for 300 GeV winos

Cut r','ﬁ 10em rFﬁ 100cm r?]"s 1000em ||
total L.oFom L.o¥om Lotom
trigger 010 %102 | 957014 w1072 | 981011 & llfF'l2
passes pii* filters 9.1 'g;ii x 1072 | 954012 x 102 9.3*";13 x 1072
PRI = 120 GeV 897013 x 1072 | 93%514 x 1072 | 95111 1072
> 1 jet with pr > 110GeV and || < 24 || 801013 « 1072 | 827010 x 1072 | 827014 = 1072
==0 pairs of jets with Agje, jor > 2.5 701505 % 1072 | 7200 x 1072 | 7T x 1072
|Ag(leading jet, 72==)| = 0.5 70001 %1072 | 713012 1072 | Tt x 1072
> 1 track with || < 2.1 ﬁ.ﬂlﬁj{ié % 1072 miﬁ;‘tg % 1072 ?.nlﬁ;’l‘f’ % 1072
= 1 track with pr > 55 GeV 3.2%00s ¥ 1072 | 55055 x 1072 | 6,175, < 1072
= 1 track passing fiducial selections 2.1f%‘§5 x 1072 1813’% x 1072 4.?f§:§§ x 10~2
> 1 track with > 4 pixel hits L1ge x 1072 | 25%050 x 1072 | 2,954, x 1072
= 1 track with no missing inner hits 111052 10~2 | 2530 0F % 1072 | 291505 « 102
= 1 track with no missing middle hits 10002 % 1072 | 224007 5 10-2 | 257007 = 102
> 1 track with relative track isolation < 5% || 5.17055 x 107% | 183000 » 1072 | 217007 = 1072
> 1 track with |dy| < 0.02em 511092 5 103 | 183008 5 10-2 | 214007 102
> 1 track with |d.| < 0.5¢cm 5,1f§;§§ % 1073 l.ﬁfﬁ'ﬁ x 1072 2.11%?‘% % 1072
= 1 track with Afi{track, jet) = (L5 5.ﬂ'fﬂj;,2 x 1073 l..?fn_m_; x 102 2.lfu:gﬁ x 1072
> 1 track with AR(track, electron) > 0.15 || 4.9755; % 107% | 1.75008 x 1072 | 1,970 08 = 102
> 1 track with AR(track, muon) > 0.15 4_ﬂ+2;;§’ x 1073 | 1.6%008 % 1072 ﬁ.ﬁ‘fﬂ;?@ x 1073
> 1 track with AR(track,n,) > 0.15 .1_3?;_%1 % m-: 1_5;3% X m-z ﬁ.ﬁ::ﬁ:é}g % m-i
= 1 track with E ., < 10GeV 48055 = 1077 | 152y x 10 5.5 g ® 107
> 1 track with > 3 missing outer hits -L'i"fﬁj%{ x 10~3 H.Hfﬁﬁ% x 103 E.Ufﬁ:ﬁ x 1073
":'EPE'FL“} < —1.6or [i;wu'ﬁjl = —.6 4.U+“'2H T =] T"“-:'julri ”i—;i +0.18 w lu—i‘ln
= 1 track 4 layers .Zf:]:?; x 1078 L-ifﬁ:h. 10 i 3.3 ‘81
> 1 track 5 layers 047132 » 1074 | 143517 x 1073 | 2.03053 <1074 |
> 1 track with > 6 layers ra2t ) x 10— | 522053 x 107 1.1W

Table 1: Cutflow comparison for signal region 20188

. Need a model of CMS

' pixelitracker layers, and

' reco efficiency!
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