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The ATLAS detector at the LHC

Tracking Detector Calorimeters

Tile barrel Tile extended barrel

Since Run 1 a new, Insertable B-layer (IBL), has been installed
inside the existing b-layer with a mean sensor radius of 3.3 cm
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Supersymmetry

(SUSY) searches in ATLAS

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

December 2017 \5=7,8,13TeV
Model &Y Jets ET™ [cadm™) Mass limit V5=7, 8 TeV _ Reference

i, §oqt] 0 2-6jels  Yes 361 m(.vi)z.zoq GeV, m(1 gen. &)= m(z"" gen.d) 1712.02332
» 3 goghy (compressed) mono-jet  {-3jets  Yes 361 mig)-miE])<5 GaV 1711.03301
2 E—*Wﬁ 0 26jels  Yes 361 miEl)<200GaV 1712.02332
§ B oaufT oqqW] 0 2-6jets  Yes 381 m{i31<200 GeV, m{E*)=0.5(m(F jemiz) 1712.02332
8 oo e 1 2jets  Yes 147 miFi)<300GeV, 1611.05781
D poqqlet it deu 4 jets 36.1 miE}-0Gev 1706.03731
% 7B EoqqWZE] 0 7-ljets  Yes  38.1 mii}) =400GaV 1708.02734
S GMSB (FNLSP) 1-2r+01¢ 02jels  Yes 32 1607.05878

e 2y - Yes 361 (NLSPI<D.1 mm ATLAS-CONF-2017-080

. = GGM (higgsino-bino NLSP) ¥ 2jets  Yes 361 ME})=1700 GeV, cr{NLSP)<0.1 mm, =0 ATLAS-CONF-2017-080
S U SY p rOVI d e S an Gravitino LSP 0 mono-el Yes 203 miG=1.8% 10 &V, m{g)-mig)=15TaV 1502.01518
5T gz gobhi) 0 3b Yes 364 m{F))<600 Gov 71101801
L} E, Eo BB E—*ﬂ'x'xj 0-1ep 3k Yes 361 miE}1<200Gav 1711.01901
extremely rich model e s e e e v
L8 bbbk 261(S8) b Yes 361 m{E})<200 GeV, miEf)= miE}}+100 Gav 1706.08731

§§ fify, h—biT 0-2ep 12k Yes 4.7/13.3 mifT) = 2miF), miF) =55 Gev 1209.2102, ATLAS-CONF-2016-077
S ace S8 ﬁ?‘,n—'wbh orf? 0-2equ 0-2jels-26 Yes 20.3/36.1 #i1-1 Gev 1506.08616, 1703.04183, 1711.11520

p @: S Ah.§ _.,,v(l 0 meno-jet  Yes a8.1 m{z -m{E =5 GaV 1711.03301
§ fiinaus Guse) 2emZ  1b  Yes 203 miEl1>150Gav 14035222
B Bbhol+Z Sep(2) 1k Yes 361 mif})=0GeV 1706.03986
[N 12ew  4b Yes 3819 =0 Gey 170603586

ZLn?k.‘ [ 2epu o Yes mifl)-0 ATLAS-CONF-2017-039

FRT A Ev(E) 2 eu MU 1=0. miZ, (=0.S(mi! YemiFi ]} ATLAS-CONF-2017-039

TRy 1S, ] i), B i)

miE)=0, m{F, 71=0.5(m(E]miE)

1708 07875

= S TP vl b, E5EL L) 3 ep i jemiEd), miE)=0, =0 5{on(F: Jem (] ATLAS-CONF-2017-039
. i /thg—>WX|Z¥1 28¢ mUFE J=miEs), miE?)=0, £ decoupled ATLAS-CONF-2017-038
R ﬂ d h B B WA R horbb WW T Yes  20.3 270 GeV M J=miEs), miE?)-0, ¥ decoupled 1501.07110
e e Cte ln t e many OS5 e Yes 203 635 GeV' miE=miED, m{E =0, miZ, $=D.5(mEEem(E)) 1405.5085
GGM {wino NLSP) weak prod., £} Yes  20.3 115-370 GeV. et mm 1507.06483
] GGM (bino NLSP) weak prod., ¥ - - Yes 381 cret mm ATLAS-CONF-2017-080
0 ngo 1 n g an alys e S Direct ¥747 prod., long-ived ¥7 Disapp. irk 1 jet Yes 361 m{ET)-miE])~160 MeV, rifT)-0.2 ne 171202118
Direct #77 prod., long-lived ¥7 dE/dx tri - Yes 184 MUET) mEE))~160 MoV, T(ET)<15 ns 1506.05332
. . E o Stable, stopped g R-hadron 0 1-5jels  Yes 278 miF1)=100 GeV, 10 us<{F) <1000 5 1310.6584
targeting various SUSY $4 e o
&5E Metastable g R-hadron dEfdx trk - - 3.2 m{El)=100 GeV, w=10 e 1604.04520
& 8 Metastable g R-hadron, F—qqt! displ. vix - Yes 328 B)=0.17 ns, miE) = 100GeV 171004501
= GMSB, stable 7, 7} ¥z jij+rie, ) 124 - - 19.1 10<tang<50 1411.6795
| | I O e S GMEB, ¥ —9¢, long-lived ¥ 2y - Yes 203 440 GeV 1rtE1<3 ns, SPS8 mode! 1409.5542
28, ¥ —seewfepvippy displ. ee/epfp - 20.3 1.0 Tev 7 <eri) 740 mm, miz)=1.3 Te¥ 1504.05162
LFV pp—¥r + X Pr—epfetfur EULET T - - 3.2 Ay =011, dangyaa=0.07 1607.08079
Bilinear RPV CMSSM 2eu(SS) 085  Yes 203 m@=m(g), eriea< mm 1404.2500
ELEL R WE B e, epv gy dep - Yes  13.3 mGEL )= 400GEY, dzeD [k = 1,2) ATLAS-CONF-2016-075
= B & Bepsr - Yes 203 M >0.25miEd, A0 1405.5086
= 0 45largeRjets - 36.1 m(P)-1075 GeV SUSY-2016-22
leu B-10jetsi0-4b - 36.1 miEf)= 1 Te, 4100 1704.08483
lep 8-10jetsi04b - 36.1 mF )= 1 ToV, A0 1704.08493
B 0 2jels+2b 36.7 1480610 GeV 1710.07171
Ay, bl 2eu 2h 36.1 BRI —be/j)>20% 1710.05544
Other Scalar charm, e—c¥} 0 2c Yes 208 |& 510 GeV | mif]<200Gev 150101325
*Only a selection of the available mass limits on new states or 1 1
phenomena is shown. Many of the limits are based on 10 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.
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University of Oslo Don’t know the mass
scale/nature of the SUSY
particles

small mass
differences
(compressed)

stable and light 374 gen.

squarks

large mass
differences

meta-stable
particles

For more results on long lived
sparticles see Jeanette’s talk later boosted by ISR soft b- and c-

today jets jets

I Displaced vertices (1710.04901) I

Delayed photons (Phys. Rev. D. 90,
112005 (2014))

Disappearing tracks (1712.02118)
Large ionization losses (Phys. Rev. D

soft leptons

93,112015 (2016)) [Jetre-clustering [l Recursive Jigsaw Il b- and c-tagging
Slow Propagation Velocities Reconstruction
(1606.05129)

B Phys. Rev. D 97 (2018) 052010

April 15,2018


https://arxiv.org/abs/1710.04901
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112005
https://arxiv.org/abs/1712.02118
http://link.aps.org/doi/10.1103/PhysRevD.93.112015
http://arxiv.org/abs/1606.05129
https://doi.org/10.1103/PhysRevD.97.052010
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Jets and jet re-clustering ATLAS

2015-09-18 02:47:06 CEST

e The standard jet algorithms in ATLAS use a
predefined radius parameter, R, to build jets
— Risroughly the size of the jet in the (n,®)-space

e The optimal R is process dependent and scales with the inverse of the 2m
momentum under consideration R D

— ideally the R parameter would be optimised for each analysis

e however, each jet configuration must be calibrated, in situ, to account for detector
response, pile-up suppression and other experimental effects

- reason why only a few choices of R (0.4) are used in most analyses in ATLAS
— asolution is to re-cluster large R jets using the smaller R jets as input

e the fully calibrated small R jets can make the calibration of the re-clustered large R jets
automatically

April 15,2018



UiO ¢ Department of Physics

University of Oslo

Re-clustering

Jet Mass Scale (JMS) Uncertainty [%)]

large-R jets (R=1.0) built directly

from topoclusters from calorimeter

cells are available in ATLAS

— calibrations and corrections done as for

small-R jets

- ATLAS Preliminary ~ [Jfectustered (ot
6 Vs =13TeV — Trimmed

| Reclustered (R=1.0, f cm=5 %) from
anti-k, R=0.4 EM+JES+GSC+JMS jets
Trimmed (fcu!:5%, Hsub:O.QJ
4 anti-k, R=1.0 LC+JES+JMS jets

W — WZ m >50GeV - = Reclustered (Small-radius JES)
7 jet -
----- Reclustered (Small-radius JMS)

§

S0 a0 e 800
April 15,2018

1000

Jet P, [GeV]

See Jason Veatch's talk from yesterday for more
on jet re-clustering
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large-R jets re-clustered from small-R jets show
comparable or better jet mass resolution and uncertainties
than calibrated large-R trimmed jets!
7


http://cdsweb.cern.ch/record/2275649/files/ATLAS-CONF-2017-062.pdf
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Use of large R-jets in SUSY analysis
Top tagging of boosted tops

reconstructing the hadronic top-quark decay can provide
discrimination against di-leptonic tt events 10°
* large R-jets is used to target events where the top quark is
produced with a significant boost
* re-clustering small-R jets into large-R jets with R = 3.0 10°
* radius of each jet is iteratively reduced to an

Events/ 10 GeV

10* Preselection (high ErT"'SS)

1712.02332
1711.11520
- ATLAS  -Data  —TotalSM T
~ ¥s=13TeV,36.1fb" tiaL EmiiL .
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[10Others

optimal radius to match the pr
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https://arxiv.org/abs/1712.02332
https://arxiv.org/abs/1711.11520
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Use of large R-jets in SUSY analysis

Total jet mass

A sum over all the large-R re-clustered jets in
the event

Typically large in events with as many as four
top quarks while the main background is
dominated by tt events with one or two
hadronically decaying tops

t

April 15,2018
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https://arxiv.org/abs/1711.01901
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University of Oslo For more results on searches for gluinos and

Some SEIeCte d r esult S squarks see Matt LeBlanc’s talk later today

g pair production, B(g — tt, — ti?+soﬂ) =100%
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S 1800 Expected limit (+10,,,) ]
& - , ] ATLAS stopiL 13 TeV, 3.2 0" 1
1600 [ '8=13TeV.36.110" oo ATLAS incl 1L 8 TeV, 203 0" |
C I ATLAS monojet 13 TeV, 3.2 b ™" 7
1400 [~ Limits at 95% CL -
1200 |- SRE B
1000 e - G production. § >ty @@ P
- ] - ATLAS e Expected limitin 2015
800 — . — {s=13 TeV, 36.1 fb™' ——— Observed limitin 2015 ]
C ] - =--- Expected limit (+1 cexﬁ) =
600 ] - = Observed limit (+1cy.) -
400 E - All limits at 95% CL 7
- - ~ ]
_ o \\ —
0 0 VR . ]
800 1000 1200 1400 1600 1800 2000 o N -
m- [GeV] : \ E
g 600 — \ =
400 - ' —
200 [ : =
= : : 1
Cooov b o by oy : | ST |
1200 1400 1600 1800 2000 2%00 2400
m(g) [GeV]
April 15,2018 10




UiO ¢ Department of Physics
University of Oslo

Use of large R-jets in SUSY analysis

SUSY Final State Radius Data and Reference Used for
Production Parameter | Energy

9,394,344 O0-lepton, jets, EMss 1.0 36fb'@13TeV  1712.02332 To select hadronically

decaying W and Z

. 1 lepton, jets, EMSS 3.0 36fb1@13TeV  1711.11520 W- and Top-tagging

te (2-top events))

g9 0-1 leptons, b-jets, EMSS 0.8 36fb1@13TeV  1711.01901 Top-tagging (4-top
events)

0 lepton, b-jets, jets, 1.2/0.8 36fb1@13TeV  JHEP 12 (2017)  Top and W-tagging

o I 085

tt, T —

99 1 lepton, b-jets, jets, EMSS  1.2/1.0 3.2fb1@13TeV  Phys.Rev.D 94  Top-tagging

(2016) 052009



https://arxiv.org/abs/1712.02332
https://arxiv.org/abs/1711.11520
https://arxiv.org/abs/1711.01901
https://link.springer.com/article/10.1007/JHEP12(2017)085
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.052009
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Recursive Jigsaw Reconstruction (RJR)

For compressed scenarios :

0 <Am(g/q/t, ¥?7) < 200 GeV

EMSS does not come from the large momentum of
WIMPS received from decays, but rather from
recoiling against Initial State Radiation (ISR) jets

Rather than relying on «mono-ISR»-signal, R]R tries
to separate ISR objects from the sparticle objects

d4q,q9q 0-lepton, jets, EF*sS 36fb l@13TeV 1712.02332
ff 1 lepton, jets, EMUSS 36fb1@13TeV 1711.11520
gg,tt 0 lepton 36fb'@13TeV [HEP 12 (2017) 085

April 15,2018
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https://arxiv.org/abs/1712.02332
https://arxiv.org/abs/1711.11520
https://link.springer.com/article/10.1007/JHEP12(2017)085
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Recursive Jigsaw Reconstruction (R]JR)

@ Accomplished with a simple decay view of the event

&

CM
centre-of-mass system incl. all visible objects and EF*5S

S
sparticle system

S

Each event is reconstructed by:

1. ignoring the longitudinal momenta of all jets

2. treat EMSS as the transverse momentum of I (with zero mass)

3. partition all jets into ISR and V by minimizing the mass of the ISR and
S systems

4. Analyse the event kinematics in the transverse view

April 15,2018
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jets and ET¥SS - evaluated in the CM
frame
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Recursive Jigsaw Reconstruction (R]JR)

gg production, B(g — qq )"(?):100%
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SUSY searches with b/c-tagged jets

* Naturalness considerations suggest that the superpartners of
the third generation quarks are the lightest coloured
supersymmetric particles

* may lead to light b and  squarks and therefore produced
with relatively large cross-sections at the LHC
* results in final states with b- or c-jets
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SUSY searches with b/c-tagged jets

B-tagging in ATLAS is based on three distinct strategies Output from
1. Impact Parameter: exploiting the relatively large life times: ~1.5 ps, ct ~450um by measuring impact each 15
parameters of tracks .comblned
. = . . . . . —
2. Secondary Vertex Finding: builds secondary vertices within the jets Into a
. . . . exbloi : ucty W ) ) o :
3. Decay Chain Multi-Vertex: exploits the topological structure of weak b- and c-hadron decays inside the jet Boo-st_ed
(reconstruct the full b-hadron decay chain) DECIS_IOD Tree
—J algorithm
§° 530 Bosss
3] . , . 3] o ) . -
The inclusion 'gJ_J' 8 A-’-\LiﬁssTQU,l?non Preliminary 'gﬁ ATLAS Simulation Preliminary % O'gi g’;’-ﬁﬁj"}:”'ﬂt'on Preliminary
i ’ 5250( Is=13TeV, 11 500F ’
of the IBLhas 3 - £ 0ot
significantly ! S 075t
. =200 :
improved the = 07E
) 6 2 0.65—
b-tagging - "
: 150 o
performance In 5 ° 28]2 con?g o 2016 config 0L ¢ _77% « 2016 contig
Run 2 Sb=77% * con’ig e =77% ® 2015 config s ° | * 2015 config
4 100 b
ol.7F o 1.7¢
; BB € 18F
Ma]or S1.5F .o S 1.5
improvement 2145 D 0 14fF
. . q 1'3;——0— s a ;
1n C-]et e e — D — B —
. . . 8 11; .......... ; 5 %—
rejection since o — & 1E .
2015 82;_ ‘ ...................... co ? )
) 30 40 50 100 200 300 400 - 68

Jet P, [GeV]
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Jet p, [GeV]
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SUSY searches with b/c-tagged jets
L

ﬁ production, BF{(f1 —C ;Z?) =1

350

[GeV]

~ 300

M_o

250

ATLAS

c-tagged selection: C1, C2
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Observed limit (+1 Ciheory e
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light jet rejection

108

—
o
o

For more results on 3rd generation squarks
see Jovan’'s talk later today

ATLAS Si

13

atl

on Preliminary

Improvements also in the b-tagging efficiency by exploiting
new approaches to multivariate analysis and training samples


http://dx.doi.org/10.1103/PhysRevD.90.052008
https://cds.cern.ch/record/2273281
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Supersymmetry particle content

Conclusions

e supersymmetry as an extension to the
Standard Model is very well motivated
— solves the hierarchy problem
— provides a natural candidate for Dark Matter...

« only drawback is that there has not yet been
any significant evidence for it's existence

* however, SUSY is still alive, we just need to

— develop more clever methods in the analyses

« several improvements and new techniques have been
developed since LHC Run 1

— start looking into new territory

» with more and better understanding of the data we become
more sensitive to new regions of phase space

- e o o o o o e o ..y

. Force panic!es/ /

Higgsino

Squarks \) Sleptons o SUSY force
particles

April 15,2018



UiO ¢ Department of Physics
University of Oslo

BACKUP
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Jets and jet re-clustering

e The jet clustering algorithms in ATLAS uses sequential recombination
- defines distance metrics d;; (between object i and j) and d;z (object i and beam direction)

e iandj combined into protojetif dj; < dig /ST T T T T T Z”‘Z‘ \/_A)_/?-_+_A(_p.2._ ~ |
l
 protojetidefined as jetif dj; > djg Il 2 /' J iy tj ;
e process continues until no protojets left | dij = min(kt_iz, kt_jz) R_12] radius parameter, size OI
: / the jet :
|
: : : |
e The optimal radius parameter, R, is process | transverse momenta of |
dependent and scales with the inverse of the ' particle i and | /'
-

momentum under consideration
— 1ideally the R parameter would be optimised for each analysis

e however, each jet configuration must be calibrated, in situ, to account for detector response, pile-up
suppression and other experimental effects

- reason why only a few choices of R (0.4 and 0.6) are used in most analyses in ATLAS

— asolution is to re-cluster large R jets using the smaller R jets as input
e the fully calibrated small R jets can make the calibration of the re-clustered large R jets automatically

April 15,2018 20
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Jet Grooming

Pr < feut * Pr

o Find k, subjets o Remove subjets
‘.... . Rsub < R pTSJ,pTJe( s fcul
0 o _0
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calibrated large-R jets removes
subjets if

subjet jet

re-clustering algorithms removes
any small radius jet constituent j of
a large R re-clustered jet | if

j J
P71 < feout * P
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Use of large R-jets in SUSY analysis

W- and Z-tagging
« small mass difference between parent SUSY particle and
intermediate chargino/neutralino can cause W and Z to have
significant p;
* decay products appear as a single high-mass jet

April 15,2018

1712.02332

22


https://arxiv.org/abs/1712.02332

UiO ¢ Department of Physics
University of Oslo Phys. Rev. D 94 (2016) 052009 (3.2fb"1)

Use of large R-jets in SUSY analysis [HEP 12 (2017) 085 (36.1b™)

Top-tagging of boosted tops
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Use of large R-jets in SUSY analysis
Top tagging of boosted tops

JHEP 12 (2017) 085 Phys. Rev. D 94 (2016) 052009
2o - SN e
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\ I
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Recursive Jigsaw Reconstruction (RJR) Analyses

a method for decomposing measured
properties event by event to provide a
basis of kinematic variables

events involving invisible weakly
interacting particles present a
challenge, as their four-momenta are
only partially constrained

this loss of information from escaping
particles constrains the kinematic
variable construction

the RJR technique partially mitigates
this loss of information by determining
approximations of the rest frames of
intermediate particle states in each
event

April 15,2018

() Lab State

O Decay States
@ visible States
Q Invisible States

PP: initially produced sparticles

P, P,: assigned to two hemispheres (a and
b) and decays to the particles observed in
the detector:

. .: visible objects

« I :invisible objects
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Recursive Jigsaw Reconstruction (RJR) Analyses

q

April 15,2018

() Lab State

O Decay States
@ visible States
O Invisible States

the jets are partitioned into the two hemispheres a and b by
choosing the grouping which minimizes the masses of the
two systems
the remaining unknowns in the event are then associated
with the neutralinos (I, and I):

* masses

* longitudinal momenta

« how each contribute to the py¥ss

* determined through subsequent minimizations of the
intermediate particle masses appearing in the decay tree

constructs several rest frames for which all relevant

momenta are defined and can be used to construct variables
(invariant masses, angles between objects etc.)
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If §,g§ are nearly mass degenerate with the §?

Emlss ﬁ%“ SR 7((1)
Mg g

Rather than relying on «mono-ISR»-signal, RJR tries to separate
ISR objects from sparticle objects

;J,F[;i the magnitude of the vector-summed transverse momenta of all S-associated jets [lﬁcmlj and

Em‘“ evaluated in the CM frame.

Risg = ;}’ICM - ﬁf?ﬁ;}f?: serves as an estimate of m,;fmg;;ﬁ.. This is the fraction of the momentum
ﬂfthﬁ: 5 system that is carried by its invisible system [, with momentum ;}*CM in the CM frame. As
f'}T ¢ grows it becomes increasingly hard for backgrounds to possess a large value in this ratio — a
feature exhibited by compressed signals.

M7 5: the transverse mass of the § system.

NJL number of jets assigned to the visible system (V) and not associated with the ISR system.

Agsg, 1: the azimuthal opening angle between the ISE system and the invisible system in the CM

frame.
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(Meta-)Stable SUSY particles

technique

Gauge-Mediated

Non-pointing and delayed Phys. Rev. D. 90, 112005

: -1
photons ?(};,g[l;%e)try Breaking 20fb'@8TeV 2014)
Ditgpliarces| veriiees 33fb-l@13TeV 1710.04901
Large ionization losses R-hadron models
2L ey U pe e 3.3fb 1 @13TeV 1606.05129
velocities
Anomaly-Mediated
Disappearing tracks Supersymmetry Breaking 36fb1@13TeV 17120/118
(AMSB)
Large ionization losses mini-split SUSY, AMSB 3.3fb @13TeV Phys. Rev. D 93, 112015

(2016)
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https://arxiv.org/abs/1712.02118
http://link.aps.org/doi/10.1103/PhysRevD.93.112015

UiO s Department of Physics ! For more results on long lived sparticles see

. : | )
University of Oslo Track/tracklets: Jeanette's talklater today __ _ _ _ _ ___
. . k 1. tracks: reconstructed using standard algorithms ( > 7 hits in
Disappearing Tracks silicon detectors)

2. tracklets: track reconstruction is rerun with looser criteria (= 4
hits in Pixel) using only hits not associated to any tracks
» extrapolated to SCT and TRT and any compatible hits are

e Large improvements in analysis compared
with Run1 thanks to the new IBL

- Runl: sensitive to charginos decaying at assigned to the tracklet
radii > 30 cm. (short tracks) * required to have p; > 5 GeVand |n| < 2.2
- Run2: sensitive down to radii of ~12 cm.
(tracklets) %107 Signal: a chargino
—————————————————— ) decaying a measurable
1__P1>f?l _______________ ST e AL 18 distance (> 12 cm) from

the interaction point

> —_
2 1 o5
o) B _
2 17 €
= B —1.6 *
s “°F —1.4 g
2 - J412 3 Backgrounds:
% 0.6~ _:1 = A hadron undergoing Lepton emitting a Random combination of
§ B ATLAS Simulation —EO o g a hard sca'-cterlngJ hard photon ] hits forming tiacklets
V. [ ] 2 v
CGCD 0-4__ — Fraction of chargino decays J e - * L AW v
L (EW prod., m;. = 400 GeV, 7., = 0.2 ns) 0.6 g 8 i‘ ) 8 '11‘.: {
0 ol * Pixel tracklets —0.4 © " L
TE Standard tracks . © .
L —0.2 WL M
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/ /T

- = =
- Charged =™ Reconstructed Neutral
| |
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Large Ionizations Losses

e the average energy loss of a massive,

charged particle in matter is
expected to follow the Bethe-Bloch
distribution

— from measurements of dE/dx, By can be
estimated from...

e ...and mass found through m = %

e validin 0.3 <By< 1.5
— overlaps the expected range of long lived
particles produced at the LHC (100 -
1600 GeV)
* p,...psare calibration constants
measured in data using low-momentum

April 15,2018 pions, kaons and protons
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the search
sensitivity has
been
considerably
extended since
Run1 thanks

to the new pixel
layer (IBL)
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University of Oslo simulationina Z - uu selectlon% GetaTev.32it M . [_E;aia: 0061
8 i o, =0.064
u n ™ © 0.04— ] . —
c - — Simulation
Slow Propagation Velocities " aes
= L oy =0.085
0.03 _

e charged particles with a speed measurably slower than c can be identified and

their mass determined from their measured speed () and momentum, using

the relation m = =
By
- estimation of B from time-of-flight measurements relies on timing and distance

information from the tile-calorimeter cells crossed by the extrapolated candidate

0.02"

0.01-

track 06 07 08 09 1 11 12 13 14
- T T o - - -"-"-"-"--"=-"=-""="-""="-"=-="-"=-"-"=-"-=-"=-"=-"=-""="-"=""=""=""="=""="-""="=-"="=-"="="="=-""=""="=-"="=-"==== ~ B

R five cell-by-cell  corrections are applied Ny
[ 1. minimise the n dependence of 3 within each cell (shifts of ~0.05 in 3 at high ) \
I e actual trajectory of the extrapolated track in each calorimeter cell is used to re-calculate the distance-of-flight :
: correction on MC to account for timing mismodelling due to imperfect simulation (shifts of ~0.1 in 3 at high 1) I
| compensate for the fact that the readout of the SN ”\“’\"3\”\“\“\“‘01 Joo ’°1 /”/“/"“/”/ < o
I tile calorimeter is optimised for in-time signals N
I (shifts of ~0.05 in B at high ) S I 'J 'J’J’Jf '
l 4. cell-time smearing to adjust the cell-time P h [T L1 - //
: resolution in simulation to that in data I /// ///// % —
: 5. uncertainty in the single § measurements is ATLAS 1 1114 M,/ Z— up selection
: scaled up by ~12% based on the requirement te=180/TeV, a2 o oo 0n o Presclution
I that the pull distribution to be a unit Gaussian dml oo °
\

finally the 8 associated with the particle is estimated as a weighted average, using the 8

| . . . ,
N <Apuilla, aaw. _ _ _ measurementin each traversed celland its uncertainty, op _ _ _ _ _ _ _ _ _ __ 31 -
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Displaced Vertices (DV)

massive particles with lifetimes in the ps to ns

range could decay in the inner tracker volume of

ATLAS

the decay products often contain several
electrically charged particles, which can be
reconstructed as tracks

a displaced vertex can be reconstructed by using
dedicated tracking and vertexing techniques
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e [ ATLAS simulation -
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Displaced tracks and vertices:

» standard track reconstruction puts relatively tight constraints on
the transverse (d,) and longitudinal (z,) impact parameters (IP)
of track candidates

* |dy] <10 mm and |zy| < 250 mm
* an additional large-radius tracking (LRT) algorithm with looser
criteria is used to reconstruct DV
* using hits not associated to track reconstructed by standard
algorithms
* increased IP cuts: 2 < |dy| < 300 mm and |z,| < 1500 mm
* relaxed criteria of hits shared with several tracks

300ATLAS ~ Vs=13TeV,L=3281b"
£ - - . 1# 10 5 Backgrounds:
E C ] % * hadronic
= 200~ ~ o interactions in
[ 1410° § material rich
¥ u > ; :
100 r S s regions - excluding
b & 2 42 % of the fiducial
ok | detector volume
|38 - = 10 ) .
- ' © * vetovertices
L dl © '
_100% i & matc.hlr_lg_ t.rack
- ] = multiplicities and
. 10§ reconstructed
-200[~ - = masses expected
E - from K and A°
-300

300 —200 -100 O 100 200 300 | decays
X [mm] 32
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Non-Pointing and Delayed Photons - R
/delayed photons: \
« arrival time of the photon can be measured by the
LAr calorimeter and defined as the the arrival
time t, of a photon

e photons stemming from long lived particle decays may show up in !

many SUSY scenarios
- these photons may then be non-pointing and/or delayed
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Disappearing Tracks
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1 In a pure wino LSP model, for T)?;_r~0.2 ns,i.e. |

: Am()ZI—r, ) ~ 160 GeV, charginos of a mass up :

j t0 460 GeV are excluded I

April 15,2018

For more results on long lived sparticles see
Jeanette’s talk later today
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