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Unconventional Models
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Challenges

Reconstruction:

» “Standard” methods optimized for prompt decays
— may fail for long-lived particles

* Need to rely on missing energy or ionization to
detect ~stable BSM particles

* Hard to trigger on many unconventional signatures
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Backgrounds:

Mostly instrumental or other
unusual sources

Probably not simulated well
(if at all)

SM has LLPs, e.g. B hadrons
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Search for Emerging Jets

emerging
jet

e Dark QCD force w/ dark quarks —
form dark mesons & baryons

* These decay after non-negligible lifetime to SM hadrons
— emerging jets
* Tag emerging jets using track impact parameter variables

* Require 4 jets w/ 2 tagged emerging jets (or 1 tagged and
pr > 200 GeV for large ct), trigger on Hy = Y'pr(j; 5.3.4)

* Combine tagging WPs w/ kinematic selections — 7 signal regions
* Background: misid. rate (from y CR) x QCD CR yield = SR yield

(13 TeV)
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Emerging Jet Results

Data: 16.1 fb"!, Vs = 13 TeV, 2016

......... — Observed limit
cmﬁl o e d — Expected limit
mm -

==+ Expected limit + 1o

JHEP02(2019)179, arXiv:1810.10069

[mm]
T 1 |||q
e

Observed data agree with background -

predictions (within uncertainties ) 1

T Illl.1.

Limits do not depend strongly on m_, . o

» Exclude my i between 400 and 1250
GeV for e, between S and 225 mm i

400 600 800 1000 1200 1400 1600 1800 2000

95% CL upper limit on cross section [fb]

my [GeV]
Set number Expected Observed Signal x| Gevhfoc}zidp ?éaergieter:md [mm]
1 168+ 15 5 131 36.7 £ 4.0 600 5 1
2 318+ 50£ 14 47 (14.6 & 2.6) x 10? 400 1 60
3 194+ 70x£ 55 20 156 &£ 1.6 1250 1 150
4 225+ 25+ 15 16 15.1 + 2.0 1000 1 2
5 139+ 1.9+ 0.6 14 353+ 4.0 1000 2 150
6 944 204+ 03 11 207 £ 25 1000 10 300
7 4404 0.84 £0.28 2 561 + 0.64 1250 5 225

(Signal yields in table shown for largest my  excluded by each selection set)
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http://dx.doi.org/10.1007/JHEP02(2019)179
https://arxiv.org/abs/1810.10069
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Search for Heavy Charged LLPs

* R-hadrons: bound state of SUSY & SM colored particles

o Gluinos (split SUSY) or stops (electroweak baryogenesis)
» Use “full-detector” or “MS-agnostic” (no muon spectrometer)
* Electroweak SUSY: staus (GMSB) or charginos (AMSB)

» Use both inner detector (ID) and muon spectrometer (MS)
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Events

» Trigger on single muon or p™

Measure candidateyvelocity,(p
and ' mass (mz, p/pBy) from
dE/dxorgloE

* Background: sample mass values
from distrs. of p, Brop (BY)ag/ax



Cross section [fb]

Heavy Charged LLP Results

Data: 36.1 fbl,

— — 10%c7 | | S 3000_
5 18=13TeV, 361 9, L (5=13Tev, 3611
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https://arxiv.org/abs/1902.01636

* GMSB SUSY w/ long-lived gluinos ==
— R-hadrons decay to delayed jets + pr

* First use of timing to distinguish displaced jets:

t,e = median(t,), AR(cell, jet) < 0.4, t ., <20 ns

* Calorimeter jets and pt  (w/ out-of-time )

* Cathode Strip Chambers (CSC) & HCAL reject beam halo

 Tracks reject satellite bunches & mismeasurements

* Drift Tubes (DT) and Resistive Plate Chambers (RPC) reject cosmics
. rejects pileup & APD hits T T (13 TeY)

* Backgrounds: S

invert cleaning cuts to form data CRs

displaced
-cHjet

cell cell

, CMS Preliminary
T | T T I T T

10

[ ] Core and satellite backgrounds =
["1 cosmic background
—+— Observation
=== GMSB mﬁ=2400 GeV,ct,=1m
s GMSB m, = 2400 GeV, ety =10m
=== GMSB m{.):ZADO GeV,c1,=30m

Events/0.5 ns

rmalized CR templates

P I [ NI I T
4 6 8 10 12

1jet (ns)
Signal region: Ny, > I, t;,, > 3 ns
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Delayed Jet Results

« Data: 137.4 fb-!, Ns = 13 TeV, full Run 2! (2016/2017/2018)
« Observed: 0 events, in agreement w/ background prediction: 173~
» Exclude my; <2.5 TeV for ¢ty ~ 1 m or m; < 2.0 TeV for ety ~ 10 m

Significantly extends reach for

Background Prediction
ct, > 1 m (vs. tracker-based searches) Beam halo 0.025003 (stat) T4o7 (syst)
Core and satellite bunches  0.1107; (stat) T003 (syst)
« CMS-PAS-EXO-19-001 Cosmics 1.071%5 (stat) 715 (syst)
CMS Preliminary ~ 137 fb™ (13 TeV)
% 3500| pp — § 8, § — g+ G GMSB NLO+NLL exclusion 10 g CMS Preﬁm;ina!y : 137 fb (1 3 )
(D llllllllllllllllllll _— : T T T T TTT1T T T T T 1117 T T Tj__
E‘” sz 95% CL expected median £1 0 g % [ 95 % CL Upper limits P> §8§og+ é -
95% CL observed £ ‘€10 E  —e— observed m, = 2400 GeV E
3000 - £ S F Exoected median = 1 .
:| E _ . - - xpec meaian o -
1 1 & O 10 =~ N——. Expected median +2 ¢ 3
1 =] 39‘ - =
2500 % d e B CMS displaced multijet (36/fb) 3
° D 10 -
1 2 o S NLO+NLL o, (PP—
: b - O\poory(PP—58)
i m C
2000 — X E
107 =
f\-..______________.._-""‘
10T
1500 -
1072 | -
10
0853 a5 4 45 5 O ¢ty (mm)

log, (ct/mm)
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http://cds.cern.ch/record/2667508

Search for Displaced Hadronic Jets @)

 Simplified hidden sector, ® > ss — fff f o
10\

f' - _
,.‘N w'

Custom triggers using Cal/Ratio = Eyca1 /Egcar

o High-E; and low-E versions
(33.0 fb'! or 10.8 fb-!, Vs = 13 TeV, 2016)

o Separate data streams for cosmic and beam-

95% CL Upper Limiton ¢ x B, _, ¢ [pb]

induced background (BIB) - ATLAS ; o
- ¥s=13TeV 108fb" m, =125 GeV, low-E, selection .
% MLP predicts jet decay position v O T n b msee
: ] ) 1% By, —my=25GeV —m;=5GeV A
s Jet BDT classifies jets: signal, QCD, or BIB 3 il

< Event BDTs optimized for high-E| and low-E; s proper decay length [m]
* Multijet background: R
o Use Y AR . (jets,trk) and event BDT score
o Simultaneous fit to signal and background
e arXiv:1902.03094

Main selections Estim. A Estim. A A

IIIIII| 1 IIIIHI| 1 I\IIHIl 1 I\IIIII| L IIIHH-‘ L L

95% CL Upper Limit on ¢ x B, _, . [pb]

107 m, = 1000 GeV, high-E_ selection
(a priori) (a posteriori) ATLAS cmee Mg = ?gg gez
——— IFT"'S = e
High-ET selection 6.732 8. S’j f] 10 1075 {s=13TeV 33.0f" — m, =50 GeV
I I \l 1 1 | I | 1 | | I T | I|
Low-E7 selection 2. ‘Sﬂ)l 5. 'ifl} 6 7 10" 1 10

s proper decay length [m]
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https://arxiv.org/abs/1902.03094

SUSY w/ Disappearing Tracks

Data: 137.4 fb!, Vs = 13 TeV, full Run 2! (2016/2017/2018)

Compressed SUSY w/ Am(y:,x%) ~ 100 MeV, ct(y?) ~ 50 cm

Require >2 jets, M, > 200 GeV, at least one short track (ST)
Bin in N,
Background: fake rate applied to ST “candidates” (relaxed quality, isolation req.)
* Exclude m; <2.46 TeV and myp < 2.0 TeV

» Improvement of 210 GeV and 525 GeV (resp.) in compressed region

e CMS-PAS-SUS-19-005 0o CMS Prefiminary 137 fo™ (13 TeV) .

Hp, ST length, ST p.: 68 search regions

— 300 = 1
%‘) pp — g g;ct o(%;)=50 cm  Approx. NNLO+NNLL exclusion 0
O} BRE—qq%,) =}

== as00| == 0Pseved £ 10000y G g q 1K o5 K]

E‘” = Expected + 10,00 imom BR(G- vq, 9,7, F, xr"] -1

- Winodike % - %

disappearing
track

1 =10

(IIII.

|
|
a:b

95% CL upper limit on cross section [pb]

[ Lovadas 4980 CL LEP)Y e o 1. ] 1
1200 1400 1600 1800 2000 2200 2400 2600 2800

m; [GeV]
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http://cds.cern.ch/record/2668105

Search for Displaced Vertex & Muon @)

T o R—parlty violating SUSY w/ t as LSP and small

P : 23k coupling — suppressed decays, R-hadrons
T b Large-radius tracking (LRT) improves efficiency for

7T Ak : :
2" N ,  tracks with large impact parameters
p Azsi * Displaced vertices (DV) reconstructed w/ secondary

q vertex algorithm
* Muon spectrometer rejects cosmic background and fake muons
* Inner detector rejects heavy flavor
* Backgrounds: transfer factors from DV CRs applied to muon CRs (in data)

0 I ] I T I T T T T T
= 1055_ATLAS Preliminary -e-Data Heavy Flavor = ° Si nal re ions from tri ers:
. 45 Vs=13 TeV, 136 fb™' F{akesl “:?s?k;sm )E gmlss g g8CTS:
10*E Mu i r on T mz)=(1.0 TeV, 0.01 ns) _
s oo 3 O Pr > 180 GeV
103§—Preselected DVs il _§ o pT = 60 GCV’ |n| < 25 |
102 ym I _ (meSS < 180 GCV) dIISemta;ned
10; 2.2 _é P
o S e, :
1e 7 e W PP =
g %/ P B N
107'g ey e SRR MO e
2 4 6 8 10 12
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Displaced Vertex & Muon Results @)

« Data: 136 fb'!, Vs = 13 TeV, full Run 2! (2016/2017/2018)

 ATLAS-CONF-2019-006

Predicted Obs.
y ExclUCie m; < 1f-7 Te(‘)’lfor T =3‘(’)-1 NS | p™sS Trigger SR | 0.43 4 0.16+ 0.16 | 0
< 1. 0l <7t:< ;
(mi<1.3TeVfor 0.01 <7 <30ns) I ri 'SR | 1880202028 |1
for metastable t decaying via Ak
* Model-independent limits on # signal o poemeene T Dow)
: © 28 ATLAS Preliminary
events and o, also derived = 0.6 15=13TeV, 136 fb”, All limits at 95% CL
z;‘é’, 2,42_ ===+ Expected Excl. Limit (1,2 ¢, )
' _ 2.2 === Observed Limit (+1 (T?‘L;E,r\;)
Signal Region Son. Sew (Ovig)o [1b] A3 e
EMS Trigger SR 3.1 3.17%), 0.023 :
Muon Trigger SR 3.7 4.2*-0 0.027
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-006/index.html

Conclusions

* Growing interest in searches for new physics with unconventional signatures

* Presented today: emerging jets, heavy charged LLPs, delayed jets, displaced
jets, disappearing tracks, displaced muons

o Including full Run 2 results from both collaborations

o Many other interesting analyses:
CMS: EXO, SUS; ATLAS: EXOT, SUSY

Sensitive to decay lengths from 1 mm to 100+ m

* Exclude new particles with masses up to ~1-2 TeV

* New community white paper just released:
“Searching for long-lived particles beyond the Standard Model at the Large

Hadron Collider”, arXiv:1903.04497

Moriond QCD 2019 Kevin Pedro 15


http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://arxiv.org/abs/1903.04497
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TLAS Summary

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: March 2019 [Ldt=(3.4-361)1b " V5=8, 13TeV
Model Signature £ de ') Lifetime limit Reference
RPYAD < v dicedepinpar 23 |t R T PRI RAR .
oM~ 7E dsplacadvixs e 03 itime S easomm )= 10 B, w10 Tav 1504.05162
LTI displaced cimuon my | af] beine 09180 )= 10 T, )= 1.0 Tav R OIUST
GMSE non-peining o debyed y 0.3 |4 iktime L oossam PS4 aith A 200 WY 409,542
AMSE pp —yirlay v,  demceanng sk ;| a] letme T amaom )= 4SOV 13903675
g AMSE pp = pix].py,  dsappoanngiack 361 | 4] letma DOST-LEIm ) d5DGAY 20218
AMSE pe gyl y]  mgoposlobie  1g4 |4 esma | i3tmom iy} ) ABIGaY 155,053
Stoath SUSY 2OMSvermom 195 | & iesime L I
Spie SUSY largo poed OE e 3.1 | § otiene =08m m{E1= 18T, miT)= 100GeV 1803.04008
Spit SUSY dispaced vix + ET™ 328 | iotime 003132m k1= 18T, miy T} 100 GeV 171004007
Spi SUSY Ur-GjEpe g |t [YTITN 1= 18 T8, m{ ) 150G | ATLAS-CONE 2018063
Herss low EMF wrhelems jots, MSvix 361 | s batima [ [ - N DABAZ00 M wx)= 0 woroame
g FRVT H = 2yg « X Ze-ulen EENN - EELT vy ) 430 NV 150105542
S FRVZH =2y, X 2 e- - r-s 34| ya etine amERIEm iz 430 NaY ATLAS-COMF- 2016047
g FRVE H — gy = X T em -, 2-ls 34 | yu et 0038163 m i, )= 400 MY ATLAS-CONE.2016-042
g e 2,7, dsphcedcimucn  wa |2, tesma OOUTABM i) ey T OI0T
Mo EEy 2o+ bw-EMF rackliss 01361 | 24 Wesma axsim b 0 GaY 181102542
VHwith 4 = s = bbb 1-20-mlibiss 351 |alistime | 0-3mm HIN -« ) 1, s} BIGaV 1805.07355
SREOC GOV -3 low EMF rhkoa jois, MEvie361 | 5 bistime BALELEM 0 1 ph i) S30aY 190203084
E #5600 GeV) — 53 low EMF wk-loss jots, MEvic 361 | 5 lstime 0.04215m B 1 pb s} 53 0eV 19020304
BTV — 55 low EMF whleas jois, MEvx 38,1 | » Bigtime OGSEAm <0 1ph s 100 13020004
[ErEer—— FIT T — pv—" T T PPy 150403634
g WV 22TV = a0, DM 23 | eiamime ) — 2 ) S0 G 150403634
0.01 0.1 1 10 100 cr [m]
[ e
1 L 1 L
o of the avallable fletine fmits is show 0.01 1 10 100
he avallable fitetime imits is T [ns]

https://atlas.web.cern.ch/Atlas/

GROUPS/PHYSICS/Combined
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SummaryPlots/SUSY/

https://atlas.web.cern.ch/Atlas/

GROUPS/PHYSICS/Combined

SummaryPlots/EXOTICS/
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SUSY 2018

| —@— RPC OL 2-6 jets ATLAS-CONF-2018-003 (Ys=13 TeV, 36 fb™)

® RPCOL2-6jets arXiv:1712.02332 (Ys=13 TeV, 36 fb™)

Displaced vertices arXiv:1710.04901 (Vs=13 TeV, 33 fb')
Pixel dE/dx susY-2016-31 (Vs=13 TeV, 36.1 fb™)

[ ] Stable charged arXiv:1606.05129 (Ys=13 TeV, 3.2 b
Stopped gluino arXiv:1310.6584 ( s_? 8 Te'u" 5 0,23 1b™

EJ IllIlJI
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/

CMS Summary

CMS long-lived particle searches, lifetime exclusions at 95% CL

RPV SUSY, T — bl, m{f) = 420 GeV
8TeV, 19.7 1" (displaced leptons)

H—» XX (10%), X — ee, m(H) = 125 GeV, m{X) = 20 GeV
8TeV, 196 (displaced leptons)

H— XX (10%), X — g, m(H) = 125 GeV, m(X) = 20 GeV
8TeV, 205" (displaced lsptons)

GMSB 5PS8, 5. — Gy, m) = 250 GeV

8TeV, 19.7fb" (disp. photon conv.)

GMSB 5PS8, %, — Gy, mG) = 250 GeV
87TeV, 19.11b” (disp. photon timing)

APV SUSY, m(@ = 1000 GeV, m(3) = 150 GeV
BTeV, 185" (displaced dijets)

RPV SUSY, m(d) = 1000 GeV, m(if) = 500 GeV
B TeV, 185 fb” (displaced dijsts)

AMSB . %, — %, + =, m(,) = 200 GeV
8TeV, 19.5f0" (disappearing tracks)

cloud mode! R-hadron, m(@) = 1000 GeV
87TeV, 186" (stopped particle)

AMSB 5, tan(f) = 5, u >0, m(5’) = 800 GeV
8TeV, 1B.81b" (tracker + TOF)

AMSB %, tan(B) = 5, u >0, m{3} = 200 GeV
8TeV, 1B81" (tracker + TOF)

http://cms-results.web.cern.ch/cms-

results/public-

results/publications/EXO/index.html

CMS Preliminary

13-39fb ! (13 TeV)

3
E)

{R-hadron cloud model)

2500 ««(- Expected

SummaryPlotsEXO13TeV

7 — qqx° BR=100%)

Status: February 2018

Jets + piss, arXiv:1802.02110
m,.0 = 100 GeV, charge suppressed

Jets + pIiss, arXiv:1802.02110

> I ]
g L i
c — —]
o L i
g i ®— Observed .- m; — m,o = 100 GeV, charge suppressed |
o r Stopped gluino, arXiv:1801.00359 ]
e . e ey e . . % 2000~ oo T m;_mx% > 160 GeV, f;, =0.1 N
https://twiki.cern.ch/twiki/bin/view/CMSPublic/ £ o | HSCP, CMS-PAS-EXO-16-036 ;
E (®. AN 59 = 0.1 ]
g 1500 - ]
s . ]
1000 ! S
8’ S
,E‘ | o -5'
500 L. L L ! ! ! ! | | L 2]

10-% 1074 10-? 102 10¢ 105 10%® 10'° 102 10%

m=0py=1 F |
l l Ll I l l ] ] ] 1
10-% 10~3 10-! 10 10% 10° 107 10° 101! 10%8 1015

7 [ns]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV

Emerging Jet Details

Tagging WPs
Criteria group Azpy (<) [em] Dy (<) (d%D) (>) [em] asp (<)
EMJ-1 2.5 4 0.05 0.25
EM]J-2 4.0 4 0.10 0.25
EMJ-3 4.0 20 0.25 0.25
EMJ-4 2.5 4 0.10 0.25
EMJ-5 2.5 20 0.05 0.25 / . \
_EMJ-6 _ 2.5 10 0.05 0.25 J?t Selections
: EMJ-7 | 2.5 4 0.05 0.40 * Each jet:
 EMJ-8 j 4.0 20 0.10 0.50 O My > 1 ;Mls— g
CD control selections - | i
Q o pr(trk)/p(j) < 0.6.16¢0.
o . gm < 0.9 Reject:
. 1 . O fneu. EM < 09 ele
Signal Regions * p(j,) > 225 GeV,
Set number H pri Ptz pra pra P nepmp(=) EM] group no. models .
1 905 25; 150 150 183 To EM£ 1 12 pT02,3,4) > 100 GGV
2 900 225 100 100 100 0 2 2 2
3 900 225 100 100 100 200 1 3 96
4 1100 275 250 150 150 0 2 1 49
5 1000 250 150 100 100 0 2 4 41
6 1000 250 150 100 100 0 2 5 33
7 1200 300 250 200 150 0 2 6 103
8 900 225 100 100 100 0 2 7
9 900 225 100 100 100 200 1 8 SM QCD-enhanced
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Emergmg Jet Background

» SM jets misidentified as emerging jets

4 Photon CRs
* N,=1, pr>175GeV, * Misid. rate (from y CR) x QCD CR yield = SR yield

n| <1.44 Misid. rate higher for b quarks vs. light flavor

* Noyy = 1, pr>50 GeV, — get CR flavor compositions from CSVv2 dist.
\. CSVv2>0.80R<0.2 /

* Uncertainties: b quark fraction (0.6-5%), non-b quark

mlSS
CD CRs composition (1.4—6.3%, 28.3% for > 200
”
miss
° NEMJ_O Pt > 200 . ...(]....]....]...,1...,,........1,6.1..ﬂ.’.ﬁ’.?’T?.\{) . L 1|6‘1|fb'j(1:3Tf3V)
_ 1’1’11SS 2 10 CMS ¢ Data 4 £ - CMS .
OR NEMJ 1 p O g ; Light-flavor jet ; L% 150~ t EE::. 5 |
_-'i biet i - redicte
B 1L - Unf:enainty - B Predicted unc.
c - 3
-% - b jet fraction: 0.080 +/- 0.003 ]
© TN ¥?/ndof = 37/20 100= 7]
161" (13Tev) " 10" Y = i 7
S fems  ape : ; [ o :
-(-aﬁ 1= +blet = : . . ® e 4. 9 R L . -
193 E Ta ln WP 1 Light-flavor jet 3 102 . 50— CD Sldeband —
s b ggimg ] - Selection set 1 " Q ]
2 T T —— E -
g F —+ 3 4
£102k ] 10 M‘“*\
S F oLt T  Jr TRASITEE, JETey SUSUORORe P —
o = — —
g 107 3 1 = E -qo; 4 ]
i - 8.2l _
104k 4 o (D[ ———— §
E i & ©| 2
- 1 O ) ) ) . . ) ) ol -4 | ) , ‘ , ) ) .
10 50 I PR 1|0 P - 2|0 ) I 3'0 T 20 0 01 02 03 04 05 06 07 08 09 1 1000 1200 1400 1600 1800 2000 2200 2400
Track multiplicity CSVv2 discriminator H; [GeV]
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Heavy Charged LLP Details

Signal region Trigger Candidate Candidates Final requirements &I!Thﬁé

selection per event Il p[GeV] Bror (BY)dEjax Mass
SR-Rhad-MSagno E%“i“ ID+CALO > 1 <165 2200 <0.75 <1.0 ToF & dE/dx
SR-Rhad-FullDet E;™/u LOOSE > 1 <165 >200 <0.75 <13 ToF & dE/dx
SR-Rhad-FullDet E™/u 1ID+cALO > 1 <1.65 >200 <0.75 <1.0 ToF & dE/dx
SR-2Cand-FullDet E;"™/u LOOSE =2 <2.00 =100 <0.95 - ToF
SR-1Cand-FullDet E7™/u TIGHT =1 <1.65 >200 <0.80 - ToF

4 )

Background:

* Distrs. Ofp, BTOF’ (BY)dE/dX from
data or MC sidebands (5—6 n

bins because of correlations)

Sample from distrs. to get
background vs. mp and myg 4,

Normalize using low-mass CRs
Prediction uncertainties:

o Rhad-MSagno: 33-34%

o Rhad-FullDet: 27-53%

o Stau/chargino: 9-34%

Moriond QCD 2019 Kevin

Baseline Selection
Ny =1 (pp> 50 GeV, p <6.5 TeV)
o pass 1D req.

\* PV from>2 trk w/ py >400 MeV )

4 N

* N

Common Track Selection

clusters

____________________

________________

_____________________

________________

________________

* Ej et p trk Lh?‘_(_l___‘_’?_t_(?_
C O Sml C S O O 4 '-__g___Q___S_ _______ _1_ _é_____V__._jc__i___O___-
pedro 21



Heavy Charged LLP Selections

Discovery Regions
1200

% [ ATLAS 1

;,2,1000—_ 5=13TeV, 36.1 5" b / TraCk ID"‘C&IO

EE LMy ] ° <
800:— * Myg/ay L ) : . : : : :_: |n| 1 .65

i L A ) * Nclusters > 1
5001 ..t ] e 0 <dE/dx <20 MeV g'! cm?
a0+ ] * 0.2<(By)arax < 10
-4 ] ¢ 0.2 <B,.<2,0(B.) <0.06, P(y?)>0.01
200:— R-hadrons™ \ Btlle (Bnle) (X ) /
O —5b1360"1300 300535053000 / Track Loose \

< 1200+ .mt‘mih‘ [Gel\/] * Ntime meas. = 1

(3. i )yﬂsz-[;rﬁ'esv,sm f! i * pT > 70 GeV’ |n| < 2’ NMS hit Z 2

w1000 L . .

I T r ] * All B measurements consistent w/in 5¢
8005 4 SR-2Cand-FullDet . e’ é \. 02 < BTOF << 2, G(BTOF) < 0025 j
600 _tgi“ f
4003 .:::::‘ ] 4 Track Tight )

F S ] * Loose +n| <1.65
. ] . 1 om2
200_ *" Stau & chargino] 1 <dE/dx <20 MeV g*' cm
G0 1000 1500 ( NSYStemS =2 Y,

My [GEV] Kevin Pedro 22



Heavy Charged LLP Prediction

ATLAS

EXPERIMENT

_.(‘2 105 | | | | | | | | | | | | | | | | | | | |
c
o 4 e Data
o 10 ATLAS p [ | Background

10° f5=13TeV, 36.110 Background unc.

10°

10

1

10™"

1072

L= S S
L 3 E —
[0 = =
s 2E =
S 15 =
51 0 = 1 1 1 1 1 I 1 1 1 1 =
o

o o o o o o o o
Migraxiow oo 8 2 83 R ¢ 8 2 8 B g 1%
[GeV] L I I T ]
Rhad-MSagno Rhad-FullDet 1Cand-FullDet 2Cand-FullDet
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Search for Multi-Charged LLPs

Models: almost-commutative leptons,

technibaryons, left-right supersymmetric Higgs

miss

Single muon and py ~ triggers

S(dE/dx) significance for pixel, transition
radiation tracker (TRT), and monitored drift
tubes (MDT)

Background (high-p; muons):
0z=2:0.15%0.05 (stat.) £ 0.10 (syst.)

0 z>2:0.029 + 0.004 (stat.) £ 0.002 (syst.)
Data: 36.1 fb'!, Vs = 13 TeV, 2015/16
arXiv:1812.03673

0 events observed forz=2and z> 2

Exclude 50 < my;p <980-1120 GeV,
depending on z

Moriond QCD 2019 Kevin Pedro

Lower limit on MCP mass [GeV]

1/N dN/dS(pixel dE/dx)

1400

10'g

)

ATLAS

EXPERIMENT

‘‘‘‘‘ S e e e e A B
B . H e Z—u*u data
OZ-p'w

— M=200 GeV, z=

MC

e ----M=800 GeV, z=
b » M=

1400 GeV, z=

20 3
20 7
0]

HiPES
Eili,

1300
1200

1100~

1000 —

900 —

800

7097

: / Iql = z¢

—0—' Observed 95%: CL limi

t

2 25 3 35 4 4.5 5 55 6 65 7 7.5

24
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https://arxiv.org/abs/1812.03673

Delayed Jet Details

/ Jet Cleaning | *noise :

et)/ tj et

» RMS(t

———————————————————————————————

_____________________

/ Baseline Selection \

* Nig =1 (pr>30 GeV, [n| < 1.48)

O t\]'et ............

* pr>°>300GeV |Trigger!
* A(Pmax(]:)Tia DTJ)) < % r ________
* AQu(DT, RPC)) <%,

k Event quality filters

Moriond QCD 2019 Kevin Pedro 25



. ns
Cosmi® eniite oM g o P T
a < Beam halo background
Cofe & S a\o g 10° % zmaind sa:allitah:ckgmunds =
. peam® , 2 S o
& o ! R N 111 Guam i a8 Get o mtom
\/ l : LAl GMSBm{':MDOGeV,c:o:SOm
~ g o A ! TETH T
H oen A ! B 107 - - PN Bl
SIS C | o
:Z =BY, |
s D 10 rmalized CR templates
s S e T B e
lﬁ\N /)] : : 3 Tjet ne)
A S ! Validation:
cn O |
g* Vv C i D  Beam halo:
o o~ |
g8V T : 0.2, rej. satellite & cosmic)
S — :
< @. 5 * Core & satellite:
' Ecsc/Epcar < 0.8 ¢ Ecgo/Egear > 0.8 tiee <—1 ns,
1 | 1 miss
fPV track < /12 ! fPV track > /12 also pT < 300 GCV
RMS(t,) <2.5ns | RMS(t,) >2.5ns « Cosmic:

Invert HCAL quality filters
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Displaced Hadronic Jet Trigger  §/%%)

ATLAS

Pot ks o i o E;> 60 GeV in 0.2x0.2 region (ECAL + HCAL)
smmmea ] ] ow-Eq:

N mH-F_f _; o E;r>30 GeV in HCAL

" A © 0E;<3GeVinECAL (AR <0.2)

e e ~= « HLT.

j o Jet B > 30, n| < 2.5, 10g,o(Eycar/Brcar) > 1.2

050 100150 200 250 500 35°Lff,°pjf§e\5,§)° o no tracks w/ pr>2 GeV and AR <0.2
o BIB veto: 4 HCAL cells

> 14 TTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT | TTTT ‘ TTTT ‘ TTTT > 1 T T T ‘ LI ‘ T T 1T ‘ LI ‘ L | LI | T T T 1]
2 L : ) (m_,m_)=(600,150) GeV | 2 E . ) (m_,m.)=(600,150) GeV J <
o CA T{:AS Simulation __ (mz,ms)=(200,50) Gev 1 8 0.9 FATLAS Simulaton _, (m:ms)=(200,50) Gev 4 (Same (p, layer) W/ BIB—llke
£ 120 Vs=13TeV —¥— (m,,m,)=(125.25) GeV ] = 0s E Vs=13TeV e (mm)=(125.25) GeV 1 ..
| filled markers: high-ET CalRatio trigger i " Ffilled markers: high-ET CalRatio trigger 3 tlmlng — Send tO BIB data
1 | open markers: Iow—ET CalRatio trigger N 0.7 Fopen markers: Iow—ET CalRatio trigger = t
i ] E 1 Stréeam
L i 06 -
0.8 ] = ollg 1=} E . .
K L g ] 05 : = o Cosmic data stream: trigger
06— 2 8 £ - 0a b i v F g .
- i - on empty bunch crossings
04— — 03 =
: ’ 02F =
02— — E ]
L ] 0.1 3
D 7I L1l ‘ | ‘ | ] ‘ ‘ ‘ 1 1 O ‘ ‘ .

| |w- L1l ‘ |
35 4 45 5
Truth ny [m] Truth |LZ| [m]
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MLP L, [m]

Fraction of events

Displaced Hadronic Jet MLP & BDTs £

E
jN
o
]
=
35
Truth L, [m]
Low-E, preselection
R B e e R n
*  data 2016 main e
10+ ATLAS . | § 10
= =
F1s=13TeV, 10810 —— m m 0001506 | @
(mm, [=(800,150) GeV =]
1= —— (m,,m,}=(400,100) GeV g
£ —.— Imln.m55=[200.50] GeV 5
—v— (m,,m,}=(125,25) GeV @
(I’
107" E 107"
102 E 102
107 fr - & = 1072
Faliefil. i “? Lie 4.1, 3

—04—03—02—01 0 01 02 03 04
Low-E | per-event BDT

ATLAS "Simulation
V5=13 TeV

55

Truth |L_| [m]

High-ET preselection
e e Gama0teman

= ATLAS - BB 3
Fs=13TeV, 330" o (m_m )=(1000.150) Gev
(m,.m_}=(600,150) GeV

- ——(m m‘]=[-1CID.IDD] Gel
—8— (m_,m_}=(200,50} GeV
— [mﬁ m,]=[‘|25 25) GeV

TETERTITT B

1l

—04—03—02—01 0'01 02 03 04
nghE per-event BDT

* Top left: MLP (decay position), input:
ECAL & HCAL energy fractions per layer
* Right: Jet BDT (signal vs. QCD vs. BIB), input: MLP pred
> pr(trk), max(p,(trk)), jet radius, centroid, density & fraction in first HCAL
layer of highest-p cluster & z and xy dist. to centroid, p, timing
* Bottom left: Event BDT, input: highest 2 signal-weight jets & BIB-weight jets,
Hy™/Hy, AR(j1,)2)

Moriond QCD 2019

Fraction of jets

D.187

0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

83

clean Jets matched to CalRatio LLP

r ATLAS

Fraction of jets

Kevin Pedro

L L UL B o
T T T B

multij

F{5=13TeV, 33.0 " —e— (m_m}

(m,m)

—+— (m, m,}=(400,100) GeV
—=— (m_m )=
—=— (m,m,}=

o BB

0141 ATLAS mulit
V5=13 TeV, 33.0 b —e— (m_m,)=(1000,150) GeV' ]
0.12 (m 'm,)=(600,150) GeV ]
e (m_m)=(400,100) GeV |
0.1 —a— (mo,mi)=(ZDD,EG)GeV 1

: —— (m,m,)=(125,25) GeV
0.08

0.06
0.04
0.02

jet

(1000,150) GeV J
(600,150) GeV

(200,50) GeV
(125,25) GeV/

3 031 032 033034 0.35 036 0.37

Signal-weight

clean jets matched to CalRatio

ATLAS

EXPERIMENT

o e e R aERsse e
z o BB 3
f:-). 016_ ATLAS multijet 7
= 0 14_\’§—|3 TeV, 33.0 fb™' —e— (m_m,)=(1000,150) GeV
s T (m,m.)=(600,150) Gev 1
5 pA2- —— (m.,m,)={400,100) GeV ]
& eE —=— (m,m,)=(20050) GeV ]
(i 0 1; e (mgm)=(125.25)GeV
0.08F E
0.08/- E
0.04+ ]
0.02- ]

clean jets matcned 0 CaIRatlo LLP

8 sl

BIB-weight

83 0.31 0.32 0.33 0.34 0.35 036037

Multijet-weight
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Displaced Hadronic Jet Details

E 05 High—ET Selection main data?
/ High-E; [Low-E] Selection \ %M
. PV from > 2 trk w/ p; > 400 MeV | 5 03
F N2> 40GeV <25, | .,
IOgIO(EHCAL/ gcar) > 1.2 2 .
* YiesDRpin(et, closest track) > 0.5 % o
o pr(trk) > 2 GeV, from PV -9y 0

* High-E; [Low-E;] Event BDT > 0. 1 %ﬂ SR, o, ks

Background predictions

* Trigger matchlng (=1 jet) =t _gglowESekcion mandta,
* _3 < tjet < 15 ns IL)E % _‘:‘E::-:T‘zv,m_afb-' '8
¢ Zjnllds% log,o(Egcar/Egcar) > 1.0 [2. 5] ______ %0'4__ —Jj
. /H; < 0.6 [0.0] e \\99» foal © ] A
. pT(] )> 160 [80] GeV /ggq\?/ 02 ;;B
* p.(j,) > 100 [60] GeV «e\“ R
0.1_— -'D' 1'
OU : ' 5 0

ZaR (Jet tracks)
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Displaced Vertex & Muon Details

ATLAS

EXPERIMENT

/ DV Selection \

* Iy <300 mm
* Zpy <500 mm

/ ~ Baseline Selection \ ) 2{ n21|1;< > £ >4
° meSS > 180 GGV XOR :F____.________: min I‘PV — I‘PV mm
PE > 60 GeV, [ <2.5 | Trigger: . Material map veto W,
* N,>1(pr>25GeV, n <2.95)
v .
o pass ID req. and vetoes / Muon Selection \
e Npy =1 (0 >3, mpy, > 20 GeV) * 2 <|do| <300 mm

K PV w/ > 2 trk, |zpy| <200 mm / * |20/ < 500 mm

______________

______________

Moriond QCD 2019 Kevin Pedro 32



Displaced Vertex & Muon Bkg. %%

Background uncertainty:
* DV CR sub-regions
* Varying muon d, selections

ATLAS

EXPERIMENT

£ F ATLAS Preiiminary e pata [7Heavy Flavor
3 -1
® 10° gVs=13TeV, 136 fb Fakes [ |Cosmics
LI>J - Er° Trigger Selection === (mt)=(1.7 TeV, 0.01 ns
1 02 ;_ Full Muon Selection ——— (m;f“?)=(1‘7 TeV, 0.1 ns)
? 7.
0@ A
= | i ------
X WA |
©)
:
® 1.5
g 1
0.5
0

0py, Ma e, May thrg 7 o, VR low,... SR

Background source (i) Transfer factor (f;)

Cosmic-ray muons (4.0 £ 0.2 (stat.) = 0.5 (syst.)) X 10-7
Fake muons (1.0 £ 0.3 (stat.) + 0.5 (syst.)) X 1072
Heavy-flavor muons (9.1 £ 1.6 (stat.) £ 4.0 (syst.)) X 1072
N = ' T ' ' ' =

€, ul .&TLAS Preliminary e pata [ Heavy Flavor 3

© 107 g Vs=13 TeV, 136 o™ Fakes [] Cosmics E

LI>J = Muon Trigger Selection amm= (m.w)=(1.0 TeV, 0.01 nsh

1 03 'E_ Full Muon Selection R mlﬁ):“_o TeV, 0.1 ns)—?

. —

2 -

10 . 0

e  H oo . .|.__.._1
e

= hmm—— - (I i 3

O . ]

C 15 ~ A
E 1; /# 2 o ) Kf Y 2% % // /;
0.5-~ 1

O_ -
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CMS simulation

CMS Track Resolutions

CMS simulation

o
'S

TTT -

= [CTITInrT I T
E  hbi it L
- SQU[_'_ * u*, Barrel region
£ '

c

e

E

o

@

o)

o

—
o
w

® uf Barrel region

Resolution in z, (um)

—
o
[
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{ Resolutions :
1 (I <p<10GeV, n<1.4)
e pp 1.5% !
| |
| |
| ]

* transverse: 25-90 um
* longitudinal: 45—-150 um
/

Kevin Pedro
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http://www.arxiv.org/abs/1405.6569
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