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Introduction

Big Questions

A\ R A A% %3: The experimental results beautiful fit in
I %, z,% L %, %, r,,%?o, G 5 % :
o - Standard Model (SM) framework...

...but some mysteries are still opened and
need physics beyond the SM to be solved!

L panty NMSSM
vielating

MSSM

Multrvorse H 2722

N\—/ 7

X
results on "light' hidden sector une , ,’
(dark sector), present in many

models of new physics.

These models contain new Sterie Newtrines
particles, which give rise to —
unigue signatures at colliders
when the mass scale in the

hidden sector could be below a
TeV.

@ Extra Dimensions

Little Higgs

Axion~like Particles

made by Tim M.P. Tait Littlest Higgs
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Light Dark Candidate Search

The final topologies are very challenging! Base ingredients
are required to perform the analysis and get a result:

Guiding physics models Signatures
* ~Technicolor ' it
Well performing collider + efficient & precise multi- o It e
« Heavy Vector Triplet * D !I"(:"';‘le?.TL";V".""ilﬂ(C';
purpose detectors (ATLAS & CMS). o el W -
« Little b One model with different signatures W T E

e Hidden One signature probing various models

gh tails (n¢
* Contact Interactions /

A choice of a search topology (several topologies for | Compostenes . s
one phenomenon are possible and vice versa: several o -
phenomena could be searched for in a given topology).

. arge missing energy

Trigger: Triggers (L1 and HLT ) developed ad-hoc for
many signatures.

Physics objects: definition, performance, validation, time
stability etc. It is done for all analyses, but some
searches need custom objects (long-lived, monopoles

).

Claim discovery if statistically significant excess is found
or, if not, interpret the result in term of constraints on
selected models.
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Dark / Hidden Sector Example
e h ¢, X

Standard |
Model

SU(3) XSU(2) X U(1)

- /

__ € Y., puv
AL = CFYF,

The hidden sector can be simple (e.g., a single U(1)dark) or more

complicated, involving dark QCD sector / dark hadronization, dark matter
candidates, etc.

Only a few allowed ways the hidden sector and the SM can talk to each
other, and many of them yield rich, unconventional signatures at the LHC

But unconventional means significant customization and non-standard
methods

This involves inspiring the detector to do things it wasn’t designed to do
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Dark Photons in Lepton Jets (L))

Low-mass dark photons can be produced via cascade decays of heavier states

Benchmark models predicting Higgs boson
or heavy scalar particle decays to neutral
long-lived particles (dark photons yq4y4 Of
0.4 GeV Mass each), which in turn produce:

collimated jets of light leptons and
mesons, so-called “lepton-jets”

The Low-mass of the Dark Photon produces:
—> large boost
—> collimated decay products

Dark photon lifetime depends on the size of
kinetic mixing €: small € — displaced
decays

Leptonic decays prominent over wide (low)
mass range. The dark photons and two LJs
are expected to be produced back-to-back in
the azimuthal plane.
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Displaced Lepton Jets (L))

G

Selection: dedicated trigger to select these states. Different selections depending on
the LJ type.

Collimated final-state particles difficult to reconstruct (detector granularity)
Tracks with displaced decay vertices difficult to reconstruct (no primary vertex
constraint)

Background: Cosmics events (impact parameter and timing as discriminating
variables), machine background, multi-jets (ABCD method)
Main Uncertainty:Trigger, reconstruction efficiency
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ATLAS-CONF-2016-042
Limits on L] searches

The 95% upper limits on the oxBR for the
FRVZ 125 GeV Higgs and heavy scalar of 800

. ATLAS Preliminary

34" Vs=13TeV FRVZ 2y model GeV.
m, = 125 GeV m; = 400 MeV

d

=3
T

Higgs — 2yd+X and Higgs — 4yd+X
benchmark models as a function of the yq4
lifetime (c T1).
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Results on prompt-lepton jet on 13 TeV
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Dark photon ¢t [mm]

oxBR(H-» 4y +X) = 5pb

95% CL Limit on 6xBR(H— 4y +X) [pb]

FRVZ model mu (GeV) | Excluded c¢7 [mm]
Higgs — 2vq + X 125 22 <ecr <111.3
Higgs — 4va + X 800 3.8 <cr <163.0 x
Higgs — 274 + X 125 0.6 <c7 <63 B ot s
Higgs — 47a + X | 800 0.8 < or < 186 R

Dark photon ¢t [mm]
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ATLAS-CONF-2016-042
Dark Matter Interpretation

Run 1: JHEP 11 (2014) 088
JHEP 1602 (2016) 062
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ight Bosons Decaying into Muon Pairs

This analysis searches for new light H '>aa(SS)'> 4SM (OI’ 28M+X)

bosons with a mass in the range 0.25-8.5
GeV/c’ decaying into muon pairs.

hig ====- <

The results are interpreted in the context of .
two benchmark models, namely, the next-
to-minimal supersymmetric standard
model, and dark SUSY models including
those predicting a non-negligible light
boson lifetime.

ho=---

CMS Preliminary Vs=13TeV L =281’ CMS Preliminary Vs = 13 TeV L -28fb‘
350: YI'YYY"IYY"YT"YvY T YTYYYYIYYYYl | L2 L FYY"I'Y'Y[Y'YY. I ] l' '4
: 100~ -
[ S, Tomplate

Event Identification:

300} S,, Templste
Background is modelled as a two 2501 e one b contain |
dimensional (2D) template bb ol hieh bt MUGH -
(m1, m2) in the plane of the . [ | & P _‘
invariant masses of the two di- [ : 40 1
muons in the selected events, 100} H :
where (1) always refers to the A : 200 #
dimuon Containing a muon Wlth 0 ;J:L.;.JAL.“JJM O‘L:"L“.;u'“j' MM

T>17 \V, n <0.09. 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
P GeV/c and |n| < 0.9 m, (GeV/c) [ Diate m,,, (GeV/c?)
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Multi-Muons Limits

0 CMS Preliminary 28" (13 TeV) , CMS Preliminary 28fb'(13 TeV)
lllllllllll Illlllll;llIllllllllll '_‘10 :ll IIlIll""“"'lllllllll.l.llllllllll]:
! NMSSM 95% CL upper limits: | = é - NMSSM 95% CL upper limits: -
[ m, = 3.55 GeV/c? ] = —+-m, = 86 GeV/c?
251" —s. m, =2GeV/c® : — ~ m, =125 GeV/c?
= ‘ ' =l N
[ —— m, =0.25 GeV/c? = 0 v my, =150 GeV/c?
- Reference model: Reference model:

o
o
!
N
=
|
|

— o(pp — hi —2a,) = 0.03 x og,

- —o(pp—>h—>2a) 003XOSM - .
i E o(pp = h) x B(h —2a)=0forj#i |

B(a — 2|.1) =7.7%

o(pp — h— 2a) B*(a - 2 ) [fb]

h=h; b=y :

o(pp — h — 2a,) BYa

0:1 L1 1 lr“ltlll(lmhl,-l‘lz? lGlelVl 1 l 1 15111215 lGlelVl=l"l.~1: f lrlb: 1
90 100 110 120 130 140 150 0O 05 1 15 2 25 3 35 4
mass of h, [GeV] mass of a, [GeV]

The 95% CL upper limits as functions of mh+ and mas for the
NMSSM case with o(pp — 2a + X) x BR?(a — 2).

LDMA 2017 Monica Verducci 10



Kinetic mixing parameter €

Multi-Muons Limits
BR(H—2Yo#+X) in the range 1-40%.

—

8 .
10 CMS Preliminary L=2.8fb™'(13TeV)
1 0-4 ) dark SUSY 95% CL upper limits

CMS Preliminary — myp=025GeV
2.8fb™" (13 TeV)

106 == Ref. model: o(pp->2yp) = 0.1 oy, (125 GeV)
B(Y p=24) =025 Gev

- m,, =2.0GeV

== Ref. model: o(pp=>2yp) = 0.1 oy, (125 GeV)

B(Yn-’zﬂ)m,.mzo GeV

1076

0'(pp—>2yD+X)Bz(‘yD—>2u)[fb]
o
FeS

1078
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-101 1 \ ‘ o - 1
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ATLAS-CONF-2016-103
Hidden Valley Models: Displaced Jets

i~
Y
é

Search for neutral, long-lived particles
produced from heavy-scalar decays
decaying into displaced fermions.

A schematic showing the ®—ss decay used as
the benchmark model. Due to their Yukawa L._g-;;«-,,_, Inaccessibility
coupling with the @, the s decay primarily to

heavy fermion pairs (Hidden Valley Models).

This analysis explores signature, where a
neutral LLP decays in the hadronic
calorimeter. This would yield to an atypical jet
with no tracks in the inner tracker and would
deposit little or no energy in the
electromagnetic calorimeter.

There are searches for decays in the ID and/or
MS, in ATLAS (under review 13 TeV analysis).
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ATLAS-CONF-2016-103
Event Selection

>1 ;et passes CalRaho trigger

- . . . .(L) 03 Y Y T T ™)
Selection: dedicated trigger to select displaced decays. 2 ATU‘S Preliminary Ti“,’,";‘é‘;,’g@ 208 Gl
Cut on Log1o§EHad/EEm) 2 0.25/ 1s=13 TeV, 3.2 fb" o rL:ch; ((;::\l/m::o 11e5t(s) i
|solation wrt inner tracks 8 - LF5 m; CaRatiojets -
Cuts on Jet pt § 0.2 i My=400 GeV; m =100 GeV;
. . ' e . . ™ & LF-5 m; CalRatio jets
BDT to improve the identification of the two displaced F o
jets. 0.15
Background: Cosmics events (timing and event . 1’,_”",,
variables such as MHT/HT and dPhi between the two 08
calRatio jet as discriminating variables), machine 0.05- 2 ]
background BIB, QCD jets (ABCD method)

Main Uncertainty: ABCD method estimate

=1 jet passes CaIRatlo trigger; = 2jets

n 0.25 T T T T T T T T T T T 0.35 z 1let passes CalRatio "'gger
L R I S T T TRy, i L L ) R e TR e R R R R R R R R R AR R R R R
9 ‘ATLAS Prellmlnar O data2015BIB ] 8 Y- ik !
l.g i ) y * data 2015 cosmicrays | 2 ATLAS Prellmmary ) fr‘:‘:gé’g:v " 150 GoV]
. ® N g
c | {s=13TeV, 3.2 fb —— SM ?(;Jltléet\s e V__ o) 0-3f1$=13 TeV.32 " LFa8 m: CalRaloonts s
o 0 2__ M, =600 GeV; m =150 Ge S - —#— my=600 GeV; m «150 GeV.
S - LF=5 m; all jets = - LF=5m; CalRatio jets
© i —#A— m,=600 GeV; m =150 GeV;] & 0.25- —&r— My=400 GeV; m =100 GeV7}
LL L LF=5 m; jets with 2<ny<4 m| II - LF=5 m; CalRatio jots
0.15 - ]
i . 0.2} 3
0.1— -
0.05 —
0 ottt ol o et i "
0 0.2 0.4

log, (E /Egy)

BDT value
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Excluding Limits

The observed 95% CL upper limits on the o x BR for
the signal samples with different ¢ and s masses
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s proper decay length [m] s proper decay length [m]

mes = H0 GeV  m. =100 GeV  m. =150 GeV  m. = 400 GeV
Decay length range excluded at 95% CL for ox BR = 1 pb
mae = 400 GeV (0.20, 2.4) m (0.52, 4.6) m — -
mae = 600 GeV (0.09, 2.7) m - (0.38, 8.2) m -
me = 1 TeV (0.05, 2.0) m — (0.14, 7.2) m (0.78, 16) m
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Search for new particles decaying to displaced jets

An inclusive search for long-lived particles decaying to

various combinations of jets and leptons. The analysis exploits
the information about jets with the information from reconstructed
tracks, in particular the transverse impact parameter (discriminate

the displaced-jets signal from the background of ordinary multijet).

The analysis exploits two customised topological trigger
algorithms and an offline displaced-jet tagging algorithm.

The multiplicity of displaced jets is used to search for the
presence of a signal with a proper lifetime between 1 mm and
1000 mm.

CMS Preliminary 2.6 fb' (13 TeV) CMS Preliminary 2.6 fb' (13 TeV)

o
= -~ 1mm = J — 1mm
o @t (PV) = L‘Dkk';.p'k 10mm ~.0.12- 10mm
~ ¥ ! 100mm 1 £ | 100mm
fSH - 1000mm g 0.1 - 1000mm
2 | }QcD i { QCD
0.06}
0.04f
0.02:‘ 1. .
107 bebaliid o w koo
0010203040506070809 1 -1-050 05 1 152253352
D
Jet 04y log, (IPg,)
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Jet-det: X0, a neutral
scalar particle of 50-1500
GeV, decays in Q.

BLepton: squarks pairs,
each decays in b quark

and lepton (each flavour
identified)

CMS Prel:mmary 2. 6 fb' (13 TeV)

- 1mm N
10mm i
100mm ]
- 1000mm ]

{ OCD B

¢ Data

07 ol e WP "
35 -3 -25 -2 -1.5 -1 -05 0 05
log, , (©5p)
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No excess above the predicted
background is found, upper limits are set

at 95% confidence level on the production

cross section for resonances decaying to
two jets or to a lepton and b quark.

Observed

2 1.09 +0.16
>3 (49+1.0)x10*

1
0

BLepton: Pair-produced long-lived R-parity violating top
squarks lighter than 550-1130 GeV are excluded,
depending on their lifetime and decay mode.

10*

10°

6 x BR? upper limit 95% CL [fb]

CMS Preliminary 2.6 fb" (13 TeV)
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Final Limits on Different Jet Flavour
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Conclusions

LHC joins the DM pursuit, pushing high energy physics into new territory and
presenting an unprecedented opportunity to probe the realm of new physics
in the TeV region.

Presented new results using 13 TeV dataset collected so far by
ATLAS and CMS

Large increase in sensitivity from the Run 1 results

But no significant deviation observed yet

Exploitation of the 13 TeV dataset has just started, can still hope for

surprises.
Taking in mind that there will be HL-LHC where the possibilities to

discover new DM candidates will increase a lot!
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CMS-PAS-EXO-14-017
A Look to the Future: HL-LHC

LHC /HL-LHC Plan 0?51]"' The target integrated _Iuminosity for

the HL-LHC program is about 3000

p— —— fo-t.  An ultimate performance of
- | ——— ey the accelerator along with upgrade

on the detector layout.

jetor
Displaced 7
3 seconda
jet or x““::‘:’.' jetor
iet or \E*..’_(___‘__",:;"&;\'ﬁﬁ.# 1
"m Ifl.,.>:00cm .
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> AR RAREE RERR RARERRARES RAREN RAREE RS RAREE LR
= 1" CMS Pll‘ag_ell Simu!gtion o
g - . ++,*.+ "H’-; Acceptance for X —» pp
‘O e [] [ ] 0.4
E= : Promlsmg - CMS Simulation
0C> 0.8_— = 033 " —e— Il < 2.0 (current)
|+ _ TE o Ml<2.
S | 1 future for oasf. 5 ® -
S 0.6 H-—2n, — 2n0270 = 2n,4u — 02F- o3 :
— o N = o
‘é’ B cr(yo) =50 mm, m(yD) =0.4 GeV DM SearCheS 0;5'— °3 o
S 0.4+ = . oF ° 8 - 125 GeV. m, =20 GeV, ¢t = 13
§ : _L1MU : In the HL_ 0.025 a..':n“'l‘ooe “k - -
i Il T e R R ma—
6 0.2— * —— L1TkMu — LHC era' Ratio of acceptances Muon p_threshold (GeV)
=) B o = 2 (5 % » - ‘
o | ! g —.u;;'??’,zz::u:iuT;‘..o-"'
- sasabeensalsasalaesalasnslonasloneslossalanaalins, = Ui
00 50 100 150 200 250 300 350 400 450 500 - o mametemmers | I
Dark photon L_ [cm] 05— Lo .
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ight Bosons Decaying in Multi Leptons

Three searches for decays of the 125 GeV Higgs h - aa — 47,

boson to pairs of lighter scalars or pseudoscalars. h — aa — 2}l2b,
h — aa — 2u2T.
Two other analyses focus on masses large enough

that the decay products are well separated from each
other, and below half of the Higgs boson mass. The h — aa — 4u

results of these searches are interpreted in the h — aa — 4T
2HDM and 2HDM+S contexts.

19.7 fb' (8 TeV) 19.7 fb" (8 TeV)

c 10° c 10°
'-5 CMS + Data ggh m‘ =9 GeV '.5 CMS + Data Wh m. =9 GeV
~ ke Whm, = 9 GeV ~ L s Whm, = 9 GeV
2 Misid. jet bkg. ..@ 3 Misid. jet bkg.
qc) 10° Low T e VBF m, = 9 GeV qc, 10 Hiah m S e VBF m, = 9 GeV
Lﬁ My | Bkg.systunc. Zhm, = 9 GeV LI.>J J T [ ] Bkg.syst.unc. Zhm, = 9 GeV
1 02 an anad l—’ Counting experment signal window m 4 GeV 1 02 l—’ Counting experiment signal window m__, > 4 GeV
+
_+_.
10 A7 " 10 )
1B 2 seseeet 1
B = i,,,,,,,’»'-'-'-'-'-li ..................................................
10 1 4 l ooooooo i 1 | | 101 A (ot o | | d Lo l o
0 2 4 8 10 0 2 4 6 8
m, x (GeV) m,.x (GeV)

The event selection is performed by

| my = \/prlzrsEmu,s — COS A¢("‘trg’ ﬁ{pl&b)]
using the transverse mass::
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Final Limits on Different Topologies

19.7 fo' (8 TeV
Expected and observed 95% CL exclusion limits 2 1¢? CMS' ; i
or various exotic h boson decay searches i)
performed with data collected at 8 TeV. o 10*
X
The branching fractions of the pseudoscalar < 105 avomes
boson to muons, Tt leptons and b quarks follow: g 3
w “——— h-aa—du [47)
I‘(a —) }4+}t_) _ m}zd\/l o (ZmF/ma)z. EX 2106 s h-aa-trrr [48]
fa=tit) o \/1 — (2me/m,)? Tle’ h-»aa—stree
c e ~ h-aa-uubb (type-1 and -2 only)
I‘(a - }4‘2}4—) . m;24 \/1 - (zm,u/ma)z 3 10 = h—aa-putt
I'(a — bb) 3m? \/ 1~ (2my,/m,)? (14 QCD corrections). 3 —— expected [ ] observed
(s Sl g 2l a3 a3 aaaal
- ITens ELTTCC B | 10
<U ©
g 107 )| é 101
(a8) a0} H
X X -
S g| 5"
oo S} \*]
c c 10°F
o 1 () |
-l I - |
o (e O 10
2 10" R S SSSSNEEES 32
0 aa—uubk 0 h—aa—uubb

" h—aa-puutr Jg‘;? " h—aa-puutt
~ expected [ observed g ~ expected [ observed
P BTSSR S N U NN U Y N 10.1 AL A PR UT ST SN BTSN U NN NN SN NN N N R

1 2 3 4 1 2 3 4
tan tan B
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U(1) Models

Many U(1) extensions of the Standard Model Dark photon
- Holdom, Phys.Lett. B166 (1986) 196

- Galison, Phys.Lett. B136 (1984); Manohar A

Heavy photon

Kinetic mixing Fd  ze

- Lagrangian contains a term Hidden photon
U-boson
€y /
_ Y
AL = 2F FMV etc.
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Innter Tracker

TRT

 Pxel SCT

.....

Long-Lived Particle
Displaced objects

Signature
| Late decaying
2 low B,
large dE/dx

3 Disappearing track

4 Non-pointing Y
Displaced vertex,

----

-
-
-
-
-

Lepton-jet

Scenario
split SUSY, Hidden Valley

GMSB, Split-SUSY, Stealth
SUSY, Multi-charged

AMSB (wino-LSP)
GMSB

RPV, GMSB,
Hidden Valley

| decay-length sensitivity

>1000mm

O(100-1000)mm
O(100-1000)mm

O(10-100)mm

2.low B, large dE/dx
# |g, ¢, multi charge..

3. dil%appearing (t)rack
~t ~
X1 — X °
4. norl-gointing pboton
X1 — G

-
-
-
.-
-

5. displaced vertex
~0
X1 — qq'l

130 300

510 550

u
1100 R [mm]

e EEEEE———_
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Long-Lived Particles

Several new physics models could give
raise to new, massive particles with long-

lifetime.

Long-lived charginos in AMSB model:

disappearing tracks

If very heavy squarks mediate gluinos
decay (strong virtuality): Long-lived
gluinos , R-hadrons (eg. Split SUSY)

If NLSP-gravitino GMSB couplings are

weak: long-lived sleptons

R-Parity Violation (RPV) LSP decay:

Displaced vertex

Experimentally very diverse, depending on
particles’ properties:

Life time, charge, decays

Highly ionising (dE/dx)

Slow (Time-of-flight)

Out-of-Time (wrt collision) decay
Highly displaced vertices
Kinked tracks

Disappearing tracks

MetaStable

Higgs decay to hidden-sector neutral

particles: lepton-jets and displaced

vertex

LDMA 2017

High lepton multiplicity (lepton-jets)

Stable

disappearing (kink) ! stable massive

/ track i particle
displaced /, T .27 i slow B,
verte%‘-{: - - : long time
primary &5~ | l of tlight OIS —
VOrex ; a detector
O(10) mm O(100) mm > O(1000) mm decay length

Monica Verducci

24



A window to the Future: HL-LHC

LHC /HL-LHC Plan é'
The target integrated luminosity for s r— =
the HL-LHC program is about 3000 e [N AR 2 A

- | wgeoncr spgrese .

buton colraons | crys Pamta 4 e B8 ML el kon

Rt pomer ! Sl g 2% " }
R0

fo+. An ultimate performance of the =
accelerator along with upgrade on
the detector layout.

Scenario Significance (Mg =2.0 TeV)
Scoping Document: few BSM studies Reference scenario 4.4
have been already explored at HL-LHC. viddle scenario 45
Oow scenario 3.1
Search for charglnos and neutrallnos_ in : ATLAE Skmistion = Felsrecs oo 2.5,/:|
final states with one lepton and two b-jets. g 1::— (5=14Tev,3000 fp7 © Reference o, =50%
Resonant Higgs boson pair production 3 . > Widde o, =50%
in the bbb™ b™ final state. Cross-section - | Cow oo =5.0%
limit increased by a factor 2. . _ ______________________________________
Dijet resonance searches: L
q* from 4 TeV to 8 TeV
QBH from 5 TeV to 10 TeV 1}
] . 8)(10_1 N | 2 L s : | " L : N | 1
Soon long-lived particles results. 13 2 Resonance raass [TeV]
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Exploring New Physics

Strategy for new physics searches (for

: : Guiding physics models Signatures
example, in the case of Higgs boson): £ Py 8
lechnicolor - . TN
] ] * Warped Extra Dimensions # Di-lepton / di-jet / di-b-jet
Indirectly, by looking for non-standard e Grand Unified Theories resonances (Z', W', ...)
. . . . . * Di-boson resonances
properties of light Higgs (spin, CP, * Heavy Vector Triplet — WZ.ZZ Vi, 2y
' * Quantur =" "7 =T -
couplings...) e Little One model with different signatures 1a,n?es ,
. ) . Z, W', T,B,..)
Hidden One signature probing various models

Directly, by explicit search for BSM objects e Contact INteractions / gh tails (non

c i resonances;
mpositeness . .

O. -~ .e * Long lived particles
* Exited Fermions

additional Higgs bosons (neutral and . Leptoquarks * Large missing energy
charged, decays to SM particles,..) . '

Higgs boson decays to BSM states (light
scalar resonances, invisible decays,..)

In the case of direct searches, define
selection based on signal signatures/
acceptance and background kinematics

Comparisons provided for specific
models, but usually possible to
constrain additional models
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Displaced Jets: Full Cut Flow

Requirement Data main  SM multi-jets MC m, = 600 GeV'; Data BIB Data cosmic rays
ms = 150 GeV

Events passing the trigger 548600 + 740 404000 + 27000 25.7% 100% 100%

> 2 clean jets 421800 + 650 197000 + 19000 22.1% 38.3% 21%

jet73M24e clean 23860 + 150 900 + 440 7.21% 6.67% 7.28%

Ad > 0.75 17590 + 130 600 + 350 6.85% 0.86% 3.38%

—3 < time < 15 16180 + 130 600 <+ 350 6.84% 0.35% 1.10%

HY"™ /Hr < 0.3 14880 =+ 120 600 =+ 350 6.09% 0.30% 0.25%

S ARpmin > 0.5 9500 + 97 500 + 330 6.08% 0.14% 0.25%

BDT value(jet{*F2°) > 0.2 8190 + 91 500 + 330 5.95% 0.09% 0.25%

BDT value(jets ") > —0.2 4890 + 70 300 + 260 5.93% 0.06% 0.25%

pr.a > 150 GeV 330 + 18 0+0 5.31% 0.005% 0%

pr.2 > 120 GeV 110 + 10 0+0 4.27% 0.001% 0%

region A:

S ARmin > 1.5 60 + 8.0 0+0 3.73% 0% 0%

S BDT > 0.15 24+ 4.9 0+0 3.57% 0% 0%
Mass Point (GeV, GeV) | JES (%) JES EMF (%) JER (%) ‘Trigger (%) Pile-up (%) Luminosity (%)
(400,150) 3.3 14 0.43 2.3 4.0 2.1
(600,150) 1.5 5.4 0.40 1.5 0.56 2.1
(1000,150) 0.51 1.8 0.05 1.0 2.0 2.1
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ATLAS-CONF-2016-042
ighal Event: topology and selection

Selection: dedicated trigger to select these states. 5 0 M)
. . . < . -
Different selections depending on the LJ type. : ATLAS Preliminary 1
0.121- = FRVZ, m =125 Gev,4 7y, )
] i i - i 34fb" s=13TeV ]
Collimated final-state particles difficult to o = EmY detabunches + B
reconstruct (detector granularity) : | H + )
- - - pp— 0.08- ...' * 1 E :
Tracks with displaced decay vertices difficult to I ﬁ s '+t y
. . - \ . -
reconstruct (no primary vertex constraint) 0.06( . ? .+ ! .
| oo ! A
Background: Cosmics events (impact parameter - *+ ]
and timing as discriminating variables), machine “F + ¢
background, QCD jets (ABCD method) Okt : )
z, [mm)]
Main Uncertainty: Trigger, reconstruction efficiency
LJ type | Selection requirement Requirement description
Type 0/1 zp limits an impact parameter |z5] < 280 mm for both muons of the LJ
Type 1/2 jet timing Atcaneo remove jets outside the £ 4 ns time window
Type2 tile-gap scint. max energy in tile-gap scintillators < 10% of the jet energy
Type2 EM fraction ENMNI fraction of the jet < 0.1
Type2 jet width W < 0.058
Type2 JVT JVT variable < 0.56
Type2 BIB use BIB tagging to remove fake jets from beam-halo muons
Type 0/1 no-CB all muons of the LJ to be non-combined (*no-CB")
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