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THE ATLAS DETECTOR

* Main change for run 2 is the

Insertable B-Layer (IBL)
* Improved vertexing
capabilities
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WHAT DO WE TARGET?

e Low mass differences, Am()gg,)&))
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GOING LOWER IN LEPTON PT

e Electrons currently reconstructed down to 4.5 GeV, using topologically formed clusters and
dedicated Bremstrahlung correction

e Muons are reconstructed down to 3 GeV (average energy loss in the calorimeter is 3 GeV)

e Current published SUSY analyses use muons as far down as 4 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2017-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2018-005/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-25/

HOWEVER.. CONSEQUENCES OF SOFT LEPTONS
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e However, lots of extra background is fake lepton from E o Expected imit (+10,)
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heavy flavour decays
e Key to improving the performance lies with Iepton Isolation
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-25/

A PROMPT LEPTON TAGGER

* Toreplace isolation algorithms. ABDT could be trained which could potentially have better
performance for rejection of heavy flavour decays

e Taking as input the energy deposits and charged-particle tracks in a cone around the
lepton direction

e Example by the ttH group. Large SF’s at low P, this could be improved with choosing a
different working point
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https://arxiv.org/pdf/1712.08891.pdf




gg production, g — tf+2?, m(q) >> M(Q)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-062/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-041/

FLAVOUR TAGGING

* Production of third generation squarks leads to decay signatures with charm or bottom quarks
* Boosted Decision Tree analyses output of impact parameter, secondary vertex finding and decay
chain multi-vertex algorithms

e Significant b-tagging improvements can be seen with respect to run 1 (including IBL)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-012/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-022/

CHARM TAGGING

e Charm tagging algorithms use additional variables ¢
e Such as invariant mass of secondary tracks, secondary track p
pees . . . . 7 ~0
rapidities, distance from primary to secondary vertex, fraction of jet t,l - X1
track energy carried by secondary tracks -
~\ - ~O
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-012/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-26/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-013/
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ES WHICH IS FAKE

. Emlss IS an important variable in searches as it is indicative of neutralinos
. Fake Em’SS can arise from interacting particles which escape the acceptance of the
detector are inaccurately (resolution) reconstructed, or fail to be reconstructed all together

FOR EXAMPLE

e 0L suffer from QCD background, a process where real E?iss =0 |
» Bad MC modelling, large cross-sections, and resolution effects result into large fake E7"*"
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-038/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-040/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-038/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-040/
https://arxiv.org/abs/hep-ph/0304226
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-25/

RECURSIVE JIGSAW

e Acollection of approaches expressing masses as a function of
unknowns, and then maximizing or minimizing, like M2

e Use measured event properties to approximate rest frames of
intermediate particles in a “decay tree”

e RJR gives a new basis of observables based on energies and
momenta of objects in these frames

ARXIV:1806.02293
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https://arxiv.org/abs/1806.02293

CONCLUSIONS

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

July 2018 Vs=7,8,13TeV
miss - .
Model & T,y Jets ET™ [Larp™] Mass limit Vs=7,8TeV  Vs=13TeV Reference
| | [ | n L} L] L] L] L] L] L] L] I L] L] L] L] L]
o 4, §—a¥) 0 2-6jets  Yes  36.1 1.55 m(¥})<100 GeV 1712.02332
o mono-jet  1-3jets  Yes  36.1 0.71 m(g)-m(¥})=5 GeV 1711.03301
S & §—qaX" 0 2-6jets  Yes  36.1 g 2.0 m(¥})<200 GeV 1712.02332
= g Forbidden 0.95-1.6 m(¥})=900 GeV 1712.02332
n
% 88, §—4qq(tOX" 3e,u 4 jets - 36.1 g 1.85 m(¥})<800 GeV 1706.03731
u S e O p u S I I I O l I l O re eX re I I l e g L 12 m(@)m(¥?)=50 GeV 1805.1138f
g 83, §—>quZ\~’(1) 0 7-11 jets  Yes 36.1 g 1.8 m(/?f]) <400 GeV 1708.02794
3 3e,pu 4 jets - 36.1 g 0.98 m(g)-m(¥|)=200 GeV 1706.03731
c N _ _
= g gonn) 0-1e,u 3b Yes  36.1 z 2.0 m(¥})<200 GeV 1711.01901
p a r S O p a S e S p a Ce RS 1.25 m(z)-m(¥})=300 GeV 1706.03731
biby, by —>b,\7? /X Multiple 36.1 by Forbidden 0.9 m(¥))=300 GeV, BR(bY))=1 1708.09266, 1711.03301
Multiple 36.1 | b Forbidden 0.58-0.82 m(¥7)=300 GeV, BR(b¥})=BR(:(1)=0.5 1708.09266
Multiple 36.1 by Forbidden 0.7 m(¥})=200 GeV, m(¥})=300 GeV, BR(£(])=1 1706.03731
w e Dbibiiif, My =2x M, Multiple 36.1 |4 0.7 m(7)=60 GeV 1709.04183, 1711.11520, 1708.03247
< .9 Multiple 36.1 i Forbidden 0.9 m(¥})=200 GeV 1709.04183, 1711.11520, 1708.03247
m —
%é 717, i = Wbt or it) 0-2e,u 0-2jets/1-2b Yes  36.1 i 1.0 m(t))=1GeV 1506.08616, 1709.04183, 1711.11520
u (] Py (] i 7 =0 ot =0 ~ ~
I , 2 fif, HLSP Multiple 36.1 4 0.4-0.9 m(¥})=150 GeV, m(¥})-m(¥})=5GeV, 7, ~ 7, 1709.04183,1711.11520
® M a I l I I eW I d e a S - I Owe r T g’)% Multiple 361 | & Forbidden 0.6-0.8 m(E))=300 GeV, (¥t )-m(t")=5 GeV, 7, ~ 7, 1709.04183, 1711.11520
T % 7171, Well-Tempered LSP Multiple 36.1 i 0.48-0.84 m(¥})=150 GeV, m(¥¥)-m(¥})=5GeV, 7, ~ 7, 1709.04183, 1711.11520
fi11, fi —ac)?? / &¢, E—m,?? 0 2c Yes 36.1 L 0.85 m%%?):o GeV 1805.01649
u u n ) 0.46 m(f, ,&)-m(¥})=50 GeV 1805.01649
leptons, BDT for isolation, object PP
J ) hiy, bt +h 1-2ep 4b Yes 361 |4 0.32-0.88 m(¥})=0 GeV, m(7,)-m(¥})= 180 GeV 1706.03986
. T8 via Wz 23 e i Yes 361 | 0.6 m(E%)=0 1403.5294, 1806.02293
ml S S " N o ee, iyt > 1 Yes 361 |X/E 047 M(EE)-m(T))=10 GeV 1712.08119
a S e S I g I l I I Ca I l Ce XX via Wh Ctityyltbb - Yes 203 | Xi/¥; 0.26 m(E%)=0 1501.07110
Z ) B AT /0, X —Fv(n), Xy —7r(v9) 27 - Yes 364 | 1 0.76 L, m@)=0, m(r,7)=0.5(m(¥)+m(E) 1708.07875
E e X11X, 0.22 m(¥T)-m(t})=100 GeV, m(7, #)=0.5(m(7 )+m(¥})) 1708.07875
u . u © fLrOLR, —ex) 2e,u 0 Yes 36.1 7 0.5 m(¥})=0 1803.02762
recursive |1gsaw reconstruction Per 2l e b 7o ol ity Sov
HH, H—hG|ZG 0 >3b Yes  36.1 b7 0.13-0.23 0.29-0.88 BR(Y] — hG)=1 1806.04030
4ep 0 Yes  36.1 b 0.3 BR(Y, — ZG)=1 1804.03602
Direct Y1 X| prod., long-lived ¥ Disapp. trk 1 jet Yes 361 | X 0.46 Pure Wino 1712.02118
8 " Pure Higgsino ATL-PHYS-PUB-2017-019
0]
$ G Stable g R-hadron SMP - - 3.2 1606.05129
2 %‘ Metastable z R-hadron, §—qq¥} Multiple 32.8 2.4 m(¥%)=100 GeV 1710.04901, 1604.04520
S 2 Gwmss, X —yG, long-lived ¥} 2y - Yes 203 | X} 0.44 1<1(¥)<3 ns, SPS8 model 1409.5542
® u ru l I re S u S O CO I I l e ro I I l 88, Kieevepv oy displ. ee/ep/pp - - 203 |2 1.3 6 <ct(¥])< 1000 mm, m(¥})=1TeV 1504.05162
LFV pp—¥. + X, V. —eu/et/ut ep,eT .Ut - - 32 |% 1.9 A41,=0.11, A132/133/233=0.07 1607.08079
TEXT 105 — wwyzeetevy 4ep 0 Yes  36.1 m(E%)=100 GeV 1804.03602
32, 391, X] > qqq 0 4-5large-Rjets - 36.1 Large A, 1804.03568
S e a rC e S O l I °>. Multiple 36.1 m(¥!)=200 GeV, bino-like ATLAS-CONF-2018-003
O 33,3 — tbs/ g—iiky, X — ths Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
i, i), X — tbs Multiple 36.1 / m(¥!)=200 GeV, bino-like ATLAS-CONF-2018-003
u u 171 f], fl —bs 0 2 jets +2b - 36.7 i 1710.07171
C a e | I g I | I g S I g | l a u reS fif, fi—bl 2e,u 2b - 36.1 i 0.4-1.45 BR(7, —be/bu)>20% 1710.05544
L L L L 1 L L L I L L L L L
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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