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CDark Matter?

Observations
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Abundant evidence for the presence of dark sector
No corresponding entity in the Standard Model

B Ordinary Matter
@ Dak Matter)

=> Dark Matter ® DutkEnee;
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CExperimentaI Probes

e o DM SM

Indirect detection Direct detection Astrophysical probes



Experimental Probes

o

Indirect detection Direct detection

®m Collider searches for Dark Matter?

SM DM
What canwe do at LHC?

> WIMP search in cascade decays
E.g, Neutralino in SUSY, Kaluza-Klein photon in UED

SM » DM > Hidden (dark) sector search




_DM scale: experimental reach

momentum transfer

| MeV [0MeV I1I00MeV | GeV 10GeV 100 GeY | TeV |0 TeV

direct detection indirect detection LHC searches

| MeV [0MeV I100MeV | GeV 10GeV 100 GeV | TeV |10 TeV
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CDM at Collider

(" SM DM

Key aspects:
> Less-model dependent formulation of DM processes

> Comparison with DD/ID experiments
SM — DM P




CDM at Collider : EFT

SM DM
Key aspects:
> Less-model dependent formulation of DM processes
> Comparison with DD/ID experiments

SM — DM/ " P

Contact interaction operators
in Effective Field Theory

EFT invalid at large momentum
transfer Q2 ~ M*

— Problematic at Run 2 (13TeV)

> Described in terms of Lorentz
structure, m , cut-off scale

> Model-independent DD comparison
» Used in LHC Run 1



DM at Collider : Simplified Model

SM DM

Key aspects:
> Less-model dependent formulation of DM processes

> Comparison with DD/ID experiments
Simplified Models with only

SI\/I—»DI\_/l)

Contact interaction operators relevant couplings/particles
in Effective Field Theory

> Described in terms of Lorentz > Described in terms of Lorentz
structure, m , cut-off scale structure,m , Mmed, g and gq

> Model-independent DD comparison  » More complicated DD/ID comparison
» Used in LHC Run 1 » Used in LHC Run I



EFT vs Simplified models

(a personal summary)
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CHow/Does/Can EFT work at the LHC

Name| Operator |Coefficient
D1 x4 mg/M;
D2 XV'xqq | img/M;
D3 XX@v’q | img/M;
D4 | XV xqv’q | mg/M;
D5 | Xv*X@vua 1/ M
D6 | X7y x@vuq | 1/M?
D7 | xv*x@vy’a | 1/M;
D8 |Xv*Y x@vuy’a| 1/M?
DY | xo"xqouwq | 1/M?
D10 |X0u Y Xq0asq| 1/M?
D11 | xxGuG* | «ag/4M?
D12 | X7’ xGuwGH | i /AM}
D13 | xxGuG* | ias/4M3
D14 )275)(6‘,“,@"”’ g /AN

R. Mazimi

One way to check:
(i) Pick one operator

(i) Construct simplified model that leads to

operator in heavy mediator limit

(iii) Calculate Et, miss & other distributions in
both EFT & simplified model

(iv) If shapes of distributions are similar, can
use EFT as proxy for simplified model,
otherwise not

[Zhang et al.,,0912.451 |; Beltran et al., 1002.4137;
Goodman et al., 1005.1286, 1008.1783, 1009.0008;
Bai et al., 1005.3797; Rajaraman et al., | 108.1196;

Fox et al., 1109.4398; ...] 12



EFT vs Simplified Models

My = 500 GeV, Ty = 10 GeV Vector operator
— e q ?
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E7 miss [GeV] model
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_EFT vs Simplified Models

Ms = 500 GeV, T’y = 10 GeV Gluonic operator

e
=
=

1/o do/dE7 miss [GeV™']
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0 200 400 600 800 1000 Spin_() Simpliﬁed
ET,miss [GGV] mOdeI
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EFT vs Simplified models: The verdict

EFT often fails to correctly describe kinematical distributions of weakly-
coupled simplified models with weak- or TeV-scale mediators. This flaw
prompted ATLAS & CMS to move from EFT to simplified models when
Interpret ET, miss searches in LHC Run 11

But In case of strongly-coupled DM candidates — composite fermions,
pseudo-Nambu-Goldstone bosons, Goldstini, ... — EFT appropriate &
sometimes even necessary to describe most important interactions at
LHC. (Bruggisser, Riva & Urbano, 1607.02474 & 1607.0247/5 for EFT
discussion of strongly-coupled DM)

We should keep in mind that Simplified models are minimal extensions of
EFT that besides DM typically contain a single mediator. SM- & DM-
mediator couplings are treated as free parameters & mechanism that
provides mass to mediator & DM is unspecified

To UV complete simplified models (as in SM), more structure Is needed to
them & question is whether this will change their phenomenology



Some experimental Issues
IN DM searches



CTooIs for DM searches / |
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Missing transverse momentum (E1™Miss) is the pr ——
Imbalance of reconstructed physics objects. S
miss __ __ ,.e I | o Thad,vis __jets U __ ASoft Tau
z(y) = " Pay) T Pay) T Pa(y) T Pay) T Pay) T Pagy) —

It is indirect measurement of weakly interacting © M

particle (neutrinos, dark matter) momenta, so
very important for dark matter searches.
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CTooIs of DM searches/ Il

robust MET & jet reco/calibration technigues at all momenta
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e pile-up is a limitation to MET trigger
performance: need sophisticated algorithms
to retain sensitivity for our signals (e.g.
spin-0 interactions)

e understanding of calorimeter response

RRA

ZINli
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p=! [GeV]

ramount for accurate JES uncertainty

Fractional JES uncertainty

o
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| anti-k; R = 0.4, EM+JES + in situ

0.08 _—TI 0.0 [ Total uncertainty
N === Absolute in situ JES
L = Relative in situ JES
0.06— = Flav. composition, inclusive jets
- = Flav. response, inclusive jets
B Pile-up, average 2015 conditions
= Punch-through, average 2015 conditions

arXiv:1703.09665
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Tool

s of DM searches/ Il

excellent lepton reconstruction performance

Efficiency
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Reco + ID efficiency

Data / MC

e crucial to exploit W/Z physics at the TeV scale
e you need to trust leptons reco/ID uncertainty to be able to constrain SM

backgrounds from the data (hotably Zvv+jets!)

R. Mazini

o @lO

EGAM-201/-003

ATLAS Preliminary

Vs =13 TeV, 33.9 fb"
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Data Scouting (“TLA”) @ ATLAS

problem: limited trigger rate ->high pT threshold  first unprescaled

500 600 700 800 900 1000

dijet search using trigger-level jets m, [TeV]

e pT1>185 GeV, pT2>85 GeV L
 ly*|<0.3 (for m;j<550 GeV)or <0.6 (M;=550 GeV)

R. Mazini

for single jet triggers single jet trigger at
« 100 kHz @ L1 ->pT(single jet) >~400 GeV pT=>400 GeV
SOIUtlon: Sto re Only mlnlmal Jet 108gi gffﬁr{gtjsets selelcted by any s;ngle-jlettriggerég
. ) [ Offline jets selected|by j110 single-jet trigger_;I
iInformation E T ¥ ;
e start with 75 GeV L1 trigger (+2 kHz; EM s e
scale) 10 ATLAS-CONF-2016-030 .
e save all HLT jets above 4 GeV (—5% of total 3 =
event size) 10E ATLAS Preliminary
e calibrate them using offline jets i <o 3
e no tracking Info ->3.5-5% systematics S ok !
(mostly due to flavour uncertainYes) g e e e
% 0.5 -
<

“offline” dijet search



CTrigger-IeveI Jetsvs Offline Jets

trigger jet

| | total
pr(trigger)/pr(offline) vs pr energy scale uncertainty
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response within ~1% @vs Q)

Trigger level tracking/vertexing of great importance
wveint ATLAS Fast Tracket (FTK) could offer an online solution



ATL-COM-DAQ-2016-012
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Mono-X Senr Ly f, Yome
Searches
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Run: 302393
Event: 738941529

g ' 2016-06-20 07:26:47 CEST
R, Mazml | 24
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CMo no-jet ATLAS-CONF-2017-060

best channel if tagging object comes from ISR! (pay only o)

jet
high-pT (250 GeV)
central (Jnj<—2.4)

no addiYonal electron or muon

Yght quality
+trigger
MET >70 GeV
=~ * (fully efficient above 200 GeV)
addiYonal, MET
soeer jets
0 103) >250 GeV
before and ae er jet quality cuts
same signature as EOOE e TR
- Z(w) +jets, W E[gq’IV) +ets.. of wme W
e normalisaYon from simultaneous fit to pr(W/2) ok :
distribuYons in lepton control regions o
e use calorimeter segmentaYon to reject beam & o
instrumental background

R. Mazini 0 el el 1 2B

leading jet @



Mono-jet: Control Regions ecults of Cheoniy i

o,

W (uv)+jets (b-veto) W (ev)+jets
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Mono-jet: Results

o

results of CR+SR fit

[Events/GeV]
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discovery
potential
depends on
assumed
interaction and
couplings!

R. Mazini

500

*\W/Z modelled at NLO QCD & EW

- Sherpa [NLO(LO) for 1,2(3,4) partons] @ theory
reweighYng based on pr(W/Z) [arXiv:1705.04664]

e 2-5% uncertainty on SR background

- theo: 0.7-1% for the W (Iv)/Z(ll)->Z(vv) extrapolaYon
- exp: electron/muon efficiency, jet energy scale/reso

e probing s-channel (*=0-, 1+ 1) DM-SM

- pseudoscalar: cannot yet exclude model with g=1
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cI\/Iono—jet: results
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axial-vector
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Clnterpretation beyond DM simplified models

tt production, t — cX° — . 0
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Mono-photon N e
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med
Ermiss Photon X
q
& Axial-vector mediator
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8 10° = ATLAS Signal Region e Z?—; = 8 4503_ ATLAS 1 /E
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Photon Er>150 GeV, |n|<2.37
Er™iss VS Er>8.5 GeV /2

A (photon, ET™ss) > 0.4
Niets (p7>30 GeV, |n|<4.5) < 1

For vector & axial-vector interactions :
> Mediator mass excluded up to 1.2 TeV
> DM mass excluded up to 340-480 GeV
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Baryonic Z’ model : Zo\( g |
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X |

number symmetry

35.9 (13 TeV)

CMS Preliminary

Z' baryonic: gq =0.25, m = 1 GeV
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> 7"’ mass excluded up to 0.8 TeV

for Baryonic Z' model

> 7’ (A) mass excluded up to 2
(0.6) TeV for Z’-2HDM model
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SUSY re-interpretation

Interpretation of scalar-top searches for
scalar and pseudoscalar mediators
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Scalar-top search:

- di-lepton events (ee, uy, ep)
= Njet§ 2 2, Nb-jets > 1 .
- EtMiss > 80 GeV, Et™Miss/VHr> 5 GeV1/2

Transverse mass variables used
to suppress tt background
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95% CL upper limits
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Jat 1,

pt = 2.88 TeV
eta = -0.364
phi=1.815

Mediator
Searches o3

Jet 0,

pt = 3.04 TeV
eta = 0.059
phi = -1.235

CMS Experiment at LHC, CERN

Data recorded: Mon Oct 12 2015 EEST
Run/Event; 258749 f 549864773
Lumi section; 355

Dijet Mass: 6.14 TeV



CMS Preliminary 35.9 fb* (13 TeV)
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Low-Mass Dijet

Search for low-mass new
particle using ISR boost

Jet

4 g
: . A
> Reconstruct boosted Z'—qq with a large-R jet
> Discriminate signal using jet substructure /\QQQQ%
> Data-driven background estimate using jet mass q ISR ¢
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ATLAS Exotics Summary

CMS Dark Matter Summary

CComparison with DD
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have ~3 orders of magnitude better sensitivity for osp (DM-nucleon)



Searches for Invisible
Higgs decay

Standard Model Hidden Sector
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Clnvisible Higgs: search in the ZH production mode

Combined Run | results mainly driven by the VBF mode: B(H—Inv) < 0.25
@ 95%CL

Look for pp — ZH — Il + E;™ss, Clear signature of Z — ee or Z — [ plus
missing transverse momentum from invisible Higgs decay

In the SM, the invisible decay (H — ZZ — vvvwv) of the Higgs boson has
B(H—inv) = 1.06 x 103

Use to place upper limit on B(H — inv) assuming SM ZH production.

Also interpret in DM models with BSM axial-vector mediator and decay to
WIMP pair

med




Clnvisible Higgs search @ Run 2

« Combination of high efficiency lepton triggers

« Event selection mainly driven by E-™ss and its balance w-r-t to

Z boson

Selection criteria

Two leptons

Two opposite-sign leptons, leading (subleading) pt > 30(20) GeV

Third lepton veto

Veto events if any additional lepton with pt > 7 GeV

Mg

76 < Mypr < 106 GeV

EMS and E/Hy

EXs > 90 GeV and ET™/Hr > 0.6

Agé(ﬁl’;f, E_).III:IiSS)

AP, EM*) > 2.7 radians

ARye

ARg{ <1.8

Fractional pr difference

£ miss,jet £
Pt — Pr pr <0.2

b-jets veto

N(b-jets) = 0 with b-jet pr > 20 GeV and |y < 2.5

R. Mazini
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Invisible Higgs: E;™* results

%) 10° ATLAS Preliminary ;Dzazta - ﬁ(ee)/z(ml)ﬂfltls %E % 10° ATLAS Preliminary ;Dzaéa
B on-resonant- = 1

g i (s=13Tev, 36.1 10" = 22 == Tone 3 g . (s=13TeV, 36.1 16" = 22

Ay ee Stat.+Sys. = Ay ML

_g 107 -+ DM(m, m, =100, 500 Gevjx0.27 ] % . . DM(m , m

g o — ZH(ll+inv) with BR(H—inv)=0.3 _: E'-,.’ o

L = L

med

Z(ee)/Z(up)+jets
mm Non-resonant-I|

mm QOthers
Stat.+Sys.

=100, 500 GeV)x0.27
— ZH(ll+inv) with BR(H-sinv)=0.3

|IIII|,L|| I|II|,|,||| |IIII|LL| IIII||,|||_;

T ;ngmgw

i+i § .

"""""""""""""""""""" /;,';/f/zf L }};/
107 2><I102 3><l1o2 4><;02 | . 10 2><I102 3><102 4><102 — N Ifo*"’
E™ [GeV] ET™ [GeV.
. . ey s . Final State ee Hy
e Similar sensitivity for ee and pu Observed Data 37 o7
Signal
ZH — £ + inv (BRy_jny = 30%) 32+14+3 34+1+3
. DM (myeq = 500 GeV, m, = 100 GeV) X 0.27  10.8+0.3+0.8  11.1+0.3+0.8
e Mainly SM background (ZZ, WZ) at Backgronnds T
. miss qql7z 212+3+15 221+3+17
ngh Et geZ7 18.9+0.3+11.2  19.3+0.3+11.4
Wz 106+2+6 113£345
Z + jets 30128 37+1+£19
. Non- -0¢ 30+4+2 33+4+2
* Small excessin MU (220) and 1.50 for Oiﬁe;sesonam 1.418.110.2 2.512.010.8
Commed ee'l'IJ.IJ. Total Background 399+6+34 426+6+28
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Clnvisible Higgs: Results
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Ible Higgs: Results
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Clnvisible Higgs: BR limit vs. m,

—
o
w

L | L I L | L | L | L

- ATLAS Preliminary —Observed
- ----Expected Median

- Vs=13TeV, 36.1 fb" W Expected +16
ZH(Z— ee+up; H— inv) Expected 2 ¢

—_
o
N

—
o

95% Limit on 6,,, xBR(Z—> ee+up) x BR(H — inv) [fb]

150 200 250 300 350 400
m, [GeV]

 “Model independent” measurement
o Slight excess in [120—180]GeV mainly driven by the uu decay
r.mazini - channel.
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Clnvisible Higgs: DM Interpretation

;‘ 400 :I T 1 | T 11 | LU | 1 11 1 11 LU | T 1 | LI | 1 : ; 400 [T rrr[rrrryrrrryrrrrprrrr[rrri [T T T T[T T T T T 1]
3 - ATLAS Prellmlnary “““““ EXDeCted limit (+1o ) - = ATLAS Prellmlnary ----- Expected limit (+10) =
=~ 350 — (s=13TeV, 36.14b" m— Observed limit = O, 350 (5 13 TeV, 364 fb” — Observéd limit —
3 300 F Axial-vector, Dirdc, g, = 0.25,g, = 1.0 """ Relic density E £ - Vector, Dirac, g,=0259 =10 7 Relic density .
- ee+up C 300 cerup =
250 <= 250 —
200 |- _ < 200F =
150 = e = - -
= o AN - 150 - -
~ - N - - .
100 — 272 \\, — 100 — —
50 | \ - 50F =
0 - et e R 0 2 R O R =

0 1 00 200 300 400 500 600 700 800 o] 0 100 200 300 400 500 600 700 800 900
m_.q [GeV m, .4 [GeV]

* 95% CL exclusion limit in 2D m, and m,.4. DM models assuming a
vector or an axial-vector mediator, fermionic WIMPs, and a specific
scenario of the coupling parameters (g, = 1, g, = 0.25).

* mediator mass /77,4 IS excluded up to 560 GeV for a light WIMP
* WIMP mass m, is excluded up to 130 GeV for 1,4 = 400 GeV.
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Clnvisible Higgs: DM-nucleon limits

oo (X-proton) [cm?]
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R. Mazini
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CThe Future: challenges & complementarity

—— —— E— E—— E——— T E—— —— S — — — S—

expected luminosity

|l } - balance between sensitivity to low-
- Results now:  361b 11 ~ momentum signals €.g. spin-zero) and
: endof 2018: 120fb-t  rohystness at very high energy
| |
|

end of 2023: 300 fb - | trigger & detector performance are crucial’
HL-LHC (=2035): 3000 Tb - - explore lower-cross-section extensions

\ see also haps:/indico.cern.ch/event/539266 ./ . .
———————————————— of the SM (SUSY, long-lived particles...)
vector axial-vector
104?””"” Vector ‘\ 4 i ll  LHC8 1957 — |
Projected 90% CL limits 'Y 1 2000f | AXalvector LHC1330fb™" — — |
gg=gom=1 v | | Projected90%  |1c14300 o7 == |
________________________ , s ﬁ RIS LHC14 3000 fo~" = suss |
e o ' | | 9as9om=] ' LUX 2018 —— |
=2 N — ! \ 1 ] ;1500__ \ LZ10ton yr — — 7
5 & ey 1] \‘ 1 38 P L could extend the rmpw
g 102l L \ ] & 1000} 0 1 | sensitivity up to 0.5 eV in ~6
; || ra 2 Sl : years (mind the couplings!)
 arxiv:1407.8257 || - ¢ 4 Y h _
: : 1 - | ~ y
| & 500~ \ D ‘-
4 I | P i [ '
10 3 ’ E J“,_{,“
0 102 108 100 105 % 2000 4000 6000
Mmed [GGV] Mmed [GGV] ] ]
R Mazini \/ region to the lee of each curveis ,q

expected exclusion; LHC =“mono-jet”



Prospects for Invisible Higgs searches

':u'_l _3? | | || 1 | | | I I |l || I | 1 | l | I | | |
E 10 Higgs-portal Model ATLAS
38 ggs-p P
'—'1 U \s=7 TeV, ILUI=4.5 fb
C, 10°2° \s=8TeV, | Ldt=203 b
104[} ';_ -..‘\ ZH —= £ +1inv.
1 04 —— B
m 10742 —e———— \
G 103 =
1 0 44 p x;x,r_,fﬁf,ff,;u ",
I
S Q10 L7777
LT XTI TR
Z 1047 Pgsanss.is
1 0‘45 e Jtﬁui“ ] DAMA/LIBRA 30 I CRESST 2a
) rbboged [ CDMS 85% CL B CoGeNT
010 49 pees —— XENON10 XENOMN100
-0 e LUX ===+ ATLAS, scalar DM
10 1 ¥a@84 ATLAS, vector DM ik, ATLAS, fermion DI
10_5 i1 I. 1 1 1 L1 11 |I 1 1 L | - |.I L 1 ] L1 1 11
1 10 10° 10°

DM Mass [GeV]

From Run 1 measurements

R. Mazini
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Prospects for Invisible Higgs searches

R. Mazini

108 Higgs-portal Model

i

ATLAS Simulation Preliminarny

- D—*’lﬁ W : .

\QU8 | G R

DM-Nucleon cross section [cm2]
=
il
|
I

o
10 R
“ D—dB ._;'_’-_{E.a_-f_-"‘f' S
ST ) DAMALIBRAZS I CRESST 2o

- D-dEi eotet ety [ COMS 35% 0L B CoGelT

A e ¥ EMON 10 e HEHONI0
& D—EEI PERART T v HEMOM AT EEcwE ATLAS 300 7, scatar O

e ATLAS 200 7, wector Dh séesbeeds ATLAS 300 7, majorana Db
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{5=14 Tev, [Lot=300 15"

......
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llllllll
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1 10

10° 1073
DM Mass [GeV]

ASSUIMING SImMiiar aetector perrormances put
with scaled-up systematics uncertainties

Better reach for lower masses with 300 fb]
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The ATLAS upgrade
program for LH-LHC

The accelerator
The detector
The physics



LHC / HL-L

7Tev 8TeV

2012

LS1

2013

splice consolidation
button collimators
R2E project

2014

LHC
Run 2 | ‘ Run 3
injector upgrade
cryo Point 4 cryolimit
DS collimation interaction
P2-P7(11 T dip.) regions

2015 2016

2017

Civil Eng. P1-P5

2018 2019 2020 2021 2022

I

—

1
'——. A
I

[ap]

a

3

(e ]
Y .

u——

[g»]

b —

14 TeV
energy
S5to7 XI
nomina
. HL'LH(_: luminosity
installation %

2024 2025 2026

d'_t'/
. . 2 x nominal Iumino%j-laag; experiment
Eg:ﬁma‘l_ E’é’:ﬁ,"ﬁ;:'s nominal luminosity —] exper|;1heansteur grade — upgrade phase 2
— | -
30 b 150 b 300 b ety
Run 1 Magnet Run 2 at Phase | Run 3 at Phase Il HL-LHC:
splice ~full design upgrades original upgrades  ten times
update energy (injectors) design lumi (final focus) design lumi
HL-LHC mode Peak Luminosity | Mean number of interactions |Integrated luminosity
(cm? s?) per bunch-crossing <y, > (fb)
Baseline 5x103* 140 3000
Ultisiiate 7 .5x103 Acadmia Sinic 00 4000 53




LHC / HL-L

7 TeV

2011

radiation
experiment experiment upgrade 2 x nominal Iuminodsic-lage } experlment
gg:};mm_ beam pipes nominal luminosity —] phase1 p—" | upgrade phase 2
Umir

LHC
Run 2 | ‘ Run 3
LS1 EYETS 14 TeV 14 TeV
13 TeV 13.5-14 TeV energy
injector upgrade 5107 x
splice consolidation cryo Point 4 cryolimit HL-LHC nominal
8 TeV button collimators DS collimation interaction . - luminosity
R2E project P2-P7(11 T dip.) regions installation f

Civil Eng. P1-P5 g

2019 2020 2021 2022

2012 2013 2014 2015 2016 2017 2018 2024 2025 2026

integrated
luminosity

Run 1 Magnet Run 2 at Phase | Run 3 at Phase Il HL-LHC:

splice ~full design upgrades original upgrades  ten times
update energy (injectors) design lumi (final focus) design lumi

Full exploitation of LHC is top priority in Europe & US for high energy physics
Operate HL-LHC with 5 (nominal) to 7.5 (ultimate) x1034cm-2s-1 to collect
3000/fb in order ten years.



_The tools for HL-LHC: ATLAS upgrade

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracke

-




_The tools for HL-LHC: ATLAS upgrade

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker



_The tools for HL-LHC: ATLAS upgrade

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Muon readout and
trigger upgrades.
New Barrel trigger

layer

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker



_The tools for HL-LHC: ATLAS upgrade

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Muon readout and
trigger upgrades.
New Barrel trigger

layer

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

LArg; new FrontEnd and

BackEnd electronics for
faster readout




_The tools for HL-LHC: ATLAS upgrade

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
\ 1
= i——

Muon readout and
trigger upgrades.
New Barrel trigger

layer

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

LArg; new FrontEnd and

BackEnd electronics for Tile Calorimeter : upgrade

faster readout

of electronics and HV
distribution




_The tools for HL-LHC: ATLAS upgrade

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

® 3
Inner Deteﬁtgor: full
replacementdy a all-

silicon one (§65m2),
extending up to |n]=4
At most 1.Z5 X0

Muon readout and T s,

trigger upgrades. § o Mmoo o=

New Barrel trigger e :
layer

Toroid Magnets  Solenoid Magnet TraCker eXtenS|On up
LArg; new FrontEnd and

Tile Calorimeter : upgrade to [n]=4 crucial for

: pileup rejection and
of elec.tro.nlcs. and HV VBF sensitivity
distribution

BackEnd electronics for
faster readout




_The tools for HL-LHC: ATLAS upgrade

Discussions for adding
Tile Calorimeter Lig in forward regions a

muon tagger and a Inner Deteﬁ:%or full
t|m|ng detector replacementiby a all-
silicon one (§65m2),
extending up to |n]=4
At most 1.Z5 X0

Muon Detectors

e e L e

Muon readout and : S e, -
trlgger upgrades o _ -f'-'; T | J X i . :% 4:%é§%§;ﬂ&gﬁes ITk Inclined
New Barrel trigger \ i \( TS At . & of B Bean s

layer '

Toroid Magnets Solenoid Magnet TraCkel’ eXtenS|On up
LArg; new FrontEnd and -

Tile Calorimeter : upgrade to [n]=4 crucial for

: pileup rejection and
of electronics and HV VBF sensitivity

BackEnd electronics for
faster readout

distribution




_Trigger Menu @ ATLAS (HL-LHC)

HL-LHC Offline py | Offline |n| LO
34 Threshold Rate
@ 7.5x10 GoV] KH2]
iIsolated Single e 22 <25 200
forward e 35 2.4-4.0 40
single y 120 <24 66
single Y 20 <24 40
di-y 25 <24 8
di-e 15 <25 90
di-u 11 <24 20
e-u 15 <24 65
single 150 <25 20
di-X] 40,30 <25 200
single jet 180 <3.2 60
fat jet 375 < 3.2 35
four-jet 75 < 3.2 50
Ht 500 <3.2 60
£ [piss 200 <49 50
jet + Efiss 140,125 <49 60
forward jet™™ 180 3.2-4.9 30
Total 1MHzZ
Aim : similar threshold as Run-1

ex : single-lepton

Run-1 Run-2 HL-LHC

0.8x10%| 2.010%| 7.510%
le | 25 Gev 32 22 GeV
14 | 25 Gev 27 20 Gev

& Larger Geom. acceptance




Phase-Il for HL-LHC

New all-silicon tracker ITk
e Extending to |n|< 4.0
e L1 track trigger

Calorimeter electronics upgrade

(full info at trigger level)

Jets per event

.2llllllllllllllllllllllllllllllllllll
0 5; ATLAS Simulation ' g 1o PU m'itigaﬁg,n -
- 4 ITK PU mitigation
0.2 —

0.15}
0.1F
0.05F

i

e S S R R R
u=200 pileup events

Rate of jets with 20<pT<40GeV

PU jets

Muon system upgrades (fill gaps in trigger coverage with new inner
barrel chambers; new front-end electronics)

Trigger-DAQ upgrades

New projects:
e High granularity
timing detector for the
forward region

e Muon high-n tagger

AY
12m

BOS
10

BMS
B_

RPCs EMS
| ||\u \\ ] | ™ tacs
2 ,,/
: EES
1
™ PCs ]
[ [ BIS78 ] L
1 2 4\5 6 7%8 BEE I
177
= End-cap
0
b

f j ! I I ; I I !
4 % \‘ 8 10 12 14 16 18 20

High-n
tagger

sTGCs



NEW Inner TracKer ( ITK )

o

1 MeV neutron equivalent fluence

120 I ] I I T I T

& TLAS

EXPERIMENT

g
|

HL-LHC tt 1 1 ATLAS ITK 1e+17
>=200 “

|| —
£

ﬁ
2

1e+16

particles / cm

1e+15

0 1e+14
0 50 100 150 200 250 300 350 400

Z [cm]

* Inst. Lumi. : 7.5 x 1034 cm-2 s-1
* mean # of int. per bunch : <g> ~ 200 ( high track density , high radiation )

* Performance (resolution , efficiency , Vertex — b-tag)
to be maintained or better

« radiation tolerant




PIXEL & STRIP Layout

o PIXEL STRIP
- Barrel :5layer * Barrel : 4 layer
* Endcap : inclined modules + Rings * Endcap : 6 Disks x 2
R[mm] R[mm]
450 .................................. : S
4005 ATLAS Simulation ' Inclined 1400 ;ATLA‘S Simul.;tion |T||< Strip Laylout

'l'|='|.ﬂ I’]=2.ﬂ E
350 - . r|=3+[} 1200__ T|=-1.0 n=0.0 T|=1-0
300wy A1 | 10001
250 . | -

! f | ' m=-2.0 =2.0
200!-_.munnnu | | =. ‘ | | | | | | | | 800__‘1 n=2<o
sommmaitiiy i LD LLHATHE T | -

: i n=40 - 600
100 il 11 I LT ]i | ||‘|\H||| | | -

SOELMUHTII LV L v — | 40015-
% 00 1000 1500 2000 2500 3000  350C 200D——gpiii i s

z [mm] 593 mm z [mm]

* R<1Im ; all Silicon sensor
| n|] <4.0(NEW:2.5<|n] <4.0)



Performance

resolution ( pr, 80, o)

momentum resolution angular resolution
—1

_—— 102:IIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIII]I— E 10 gllllllIIII'ITI[IIIIIIII]I'I'I}I '|"'§
- - = © - ATLAS Simulation ITk p =1 Gev ]
Q. — . . = — — E . —a— 1Tk p =10 GeV .
= = ATLAS Simulation g:: g - 13382/\/ = — 10_2—_ Single muons, u =0 —— ik p=100Gev 1
= - Single muons, p=0  —— Tk p! = 100 GeV | © el et SO
< B ot PO - - RUN2p) =100 GeV -
- 10 «e-- RUn2p_=1GeV = 105y etiang.y. E
= --@-= RUN 2 pT =10GeV = - tie..,. g
= -0 RUN2p_=100 GeVpe - AL T e Lt e _
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- —— - = .
- —A—-A- _._-.- = 10—6_....|....|..‘.|....|....|....J.J..|..._
-e e 0 05 1 15 2 25 3 35 4
1 0—1 = _':':A"_.__._ = True particle In|

— e _
— ST PN T o r‘-ﬁ* - o) LI S B B B B B B B
2 -.-" N g -~ ATLAS Simulation _—m g roiey, .
_‘- —f'..""' 7 = - Singlemuons, p =0 —— 17k p] - 100 GeV .
10_27 = © 10_15_ -e-- Run2p_=1GeV E
— 3 - --e-- Ru =10 GeV =
— - - . RUQSS _1gOC§eV ]
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1072 .
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True particle m e asha -5
1073? . _._--"'_H- =
. : : . SEUTTerer e S
estimation : using single-p tracks T gt -
10 fpagogrgopuprpstit® E
P

large improvements [ pr, 60 ] w.r.t. the current system

( the coverage up to [n| < 4.0)

0 0.5 1 1.5 2 2.5 3 3.5

True particle |



o

Performance : < y > dependence

Efficiency

tracking efficiency

IDTR-2017-001

1_3_ I I I | I ] I | I | I | I ] | | I 1 I | I | | I |
- ATLAS Simulation ~ — M<27 .
1.2~ ITk Inclined —=— 2.7<n|<3.5 ]
C —+— 35<n<4.0 N
1.1t p_>1GeV, \s =14 TeV —— <40 -
1= =
0.9 =
- -H—I—I—I—I—H—-—-—-—u—l—-—-—-—-—-—l—.—--ls

B I e e T L L L L S A — =

0 8 :_ :t« e i o B e e I T T i T g Z-.—'-I_'-':I-—l_'—-—j——t:__:
C B s am amm an ag  a
0.7 3
0 6: 1 L 1 1 | L 1 1 1 | 1 1 1 1 | 1 1 I 1 | 1 1 1 1 | :
-0 50 100 150 200 250
LI,

the tracking efficiency is ( almost )

unchanged up to p=250 for all the |n] regions

fake track ratio

( # of redo. tracks / # of truth tracks )

IDTR-2017-001

S I e L L B S e g
Z 1450 ATLAS o Sram<ss
2 —as<hi<io

1.05;tt, p, >1GeV, \s=14TeV L —%
1; <‘>+4—<WMW*W-{;
095 o e
N =
0.85[ =
078~ =780 {00 150 200 250
!

mostly independent to <p>

no problem with fakes up to y = 250



ATLAS Muon Spectrometer

BOS
10
Barrel
Toroid
New
RPC
Layer
| I > 7

* Acomplex of Trigger chamber (RPC /7 TGC + NSW) and Precision tracker (MDT, NSW)
* 10 cope with longer latency & higher trigger rate, all the electronics to be replaced

* MDT (max. Drift-Time ~ 700ns) to be a part of Hardware p-Trigger

* ALL the hits of TGC/RPC/MDT sent to off-detector — process Trigger




HGTD Motivation

Time - Pileup Rejection

v
v
v

High probability of vertices in close proximity
Time information helps pileup rejection
Pileup distribution extremely peaked at
forward 1.8 <|n|< 3.2 were tracker not

completely implemented

Track confirmation rejection at 2% for
central region but degrades towards end

caps

1

—
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]

10

Efficiency for pile-up jets
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ATLAS Simulation
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HGTD Motivation

o,
Impo rtant EW Chan neIS H- WW"* - evuv candidate and two jets with VBF topology
- Longitudinal view Projected n-¢ view
v' Potential of HGTD as a L (40MHz) A HGTD o s
Time trigger for the VBF Ochannel \ L%
v Lower jet P; thresholds and
extend accessible phase space
v Largest potential in hadronic final ey ... v
state VBF channels (also offline), IS 9 R
preferentially forward peaked: | CATLAS
H—bb, H — Inv, HH — bbbb hitp://atlas
®

Pre-shower option :

Trigger  SD)value physics
» Improve forward electron/photon di-y 25-25 GeV di-photon
reconstruction di-t 40-30 GeV H>tt
_ _ 4-jet 75 GeV H->bb, HH->4b
> Interesting for search in comiss 200 GeV HSInv.

H— aa — yyjj



End-cap
support

HGTD main support frame
installed on the LARG wall

protecﬂon thermal shielding

onik cover, providing

and tighten dry volume

Modularity of the HGTD
cassettes on the LARG wall

Specifications for 2023

Coverage
R
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R

max
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At
Cell Size
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~6Ccm
<50 ps
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HGTD location

LAr hadronic
end-cap (HEC) -

LAr electromagnetic
end-cap (EMEC)

LAr electromagn
barrel




HGTD System q;

oy
o, rsics b

Performance :

HGTD-SiW Simulation

ATLAS Internal
HGTD-SiW Simulation
Muons p_=1TeV

Re-qradout Hit in
4 Samplings

Muons p_=1TeV

v 1TeV muons simulation AT i i
v’ 98.88% efficiency for 4 layers N3
v' 0.044 MeV/muon at 150 pm | - R
v 50% of inefficiency from s

Zones J

- / ATLAS Internal

u=200
HGTD-SiW Simulation .
Electrons p_= 45 GeV Sampling 3

25000

A

.

I\/Iuons

100 200 300 400 500X [600

r N
C |v z- eesample at i = 200
£ |7 45CevPreandy : IEE ] I
O | v 6mm radius EM clusters I :
2L |v 70 HGTD cells per cluster F s Ih’ J~ J o
o % Dynamic range of 50psec/MIP L I BB
v’ H(125GeV) — Inv. sample " o ﬁ%ﬂ - R igiA§:§§§_rs T S
N with jet P =72GeV 200} @ 1= % ;
@ <v Expected peak in time e 1wt
™ distribution ol ‘ Vo
v’ .90% signal purity at AR < 0.1 e - i SE L ,IJF[LMH o

600 400 200 0 200 400 600 -Yo00 500 0 500 1000
x [mm] t-top [PS]



R [mm]

HL-LHC studies in progress r

 Present efforts are focussing on TDRs for each Phase 2 upgrade

 Demonstrate that the detector and trigger choices meet the
required performance

e [Tk layout from the Strip TDR and improvement in Ha pp mass

B I I I I ] . I T I I T I I I ] . Olog —
1900 _ ITKk Inclined _ 0.08— 4 Run-2 Detector (u = 23) y Run-2 D‘gt‘:";‘f; o
- - — — lean 5=0.
_ n=1.0 Strl pS - 0.07E- Sigma 2,697 = 0.013
1000 — " ' ] 0.06 — ITk Upgrade
n=20 - = ATLAS Simulation T
800 —] 0.05F Sigma 2.023 = 0.020
600 O o .
| — 1 o003 :
00= n=30 - = $o
= BLLAERARLAAY I =I I !I I il I I EH I I ! i P. Ig: 0'02 __ ?O
200 [F— ALHIAAA A LA | I g E 'Ib
- ST L LY 1 \ i\ I I n 59 :' 001 = 'l;{}o
. - O
0 b I | I‘ ‘I | [ | | | [ | | [ | | | [ | | | [ | | | B qu i (DI . ) I i : i ) i : Oc}lgaﬁ
0 500 1000 1500 2000 2500 3000 3500 P10 115 120 135 140
my, [GeV]

Z [mm]
 More comprehensive physics prospects planned for Update of

European Strategy for Particle Physics
« HGTD TDR planed for end of 2018




JHEP 08 (2016) 045
ATL-PHYS-PUB-2014-016

Higgs boson

 Example coupling plots from Run 1 and for HL-LHC
 Typical precision improves from 10% to 4%. Ha pp >70

El> 15 ATLAS and CMS . __ATLAS Simulation Preliminary t .
g - LHC Run1l = heyhZZ* 41 hWWHSiviy A S
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. A JHEP 08 (2016) 045
Higgs boson ‘72 ATL-PHYS-PUB-2014-016

 Example coupling plots from Run 1 and for HL-LHC

 Typical precision improves from 10% to 4%. Ha pu >70
ATLAS Simulation Preliminary
's = 14 TeV: |Ldt=300 fb" ; [Ldt=3000 fb" -

] , 1 _ ATLAS Simulation Preliminary t
= h-yh—>ZZ*—>4l, h->WW*—lvlv /Z =
H-yy  (comb) E - — h-sh-bb, h>pp, h—>Zy /}_Z -
: [z Kws Ko Kpy Koy K] W N
10_1 E /// E
H— ZZ (comb.) ‘ ~ BR;=0 ol =
n b -~ N
102E z/g Vs = E
H— WW (comb.) - o s=14TeV ; -
- ol ~ [Ldt=300 b i

d -1
H—Zy  (incl) 108 u .~ — [Ldt=3000fb =
- F .
H_) bB (Comb.) s 12;_ T _;
0 1.1 f { =
o - FF -
- o I AL E
“ 08" -

H—oupw  (comb.) 10 1 10 102
m; [GeV]

W, Z couplings to 3%
Au/p e Muon coupling to 7%, t,b,t couplings to 8-12%



Higgs boson pair production

e Higgs boson pair production includes destructive

interference between two types of processes: Higgs triple

self-coupling |,
______ 1o
TH
e ~factor 2 increase In cross section if A—>0 NNLO oSM=40.8 fb
Channel |Events |Significance
« Wil have to combine several in 3/ab |for HH (A=1)

decay modes and both bbbb 40000 060

experiments to have evidence bbWW/ 30000 (ttbar backgr)
bbTT 9000 0.60

 More generally — explore
electroweak symmetry breaking in WWWW 6000
Vector Boson Scattering yybb 320 1050

YYYY 1



_Higgs rare decays

* H>J/W (-p*y) Y (with <ppy>=140, L = 3000 fb'l)  (ATL-PHYS-PUB-2015-043)

 Higgs coupling to c-quark. Run-1 detector performances 5100 arias Smuaion E
- MVA analysis m,,,,_, in [115, 135] GeV S| e
» 3 signal events and 1700 background (with no systema;cs) | Shsoam
BR (H— J/W (>MY)Y ): 44+19,,x 106 (95% C.L.) of (L py)
SM: 2.9 +£0.2x10-6 ( Run-1 Limit: 1.5 x 10-3) 2] i

1 1 1 1 I 1 1 1
60 80 100 120 140 160 180
M, (GeV)

eH— prpw  (with <py;>=200, L = 300/3000 fb1)
- Low BR, high 2/y”* background, high mass resolu; on  _ (ATL-TDR-025 LHCC-017-055)

8 10 -ATLAS Simulation

* Based on Run-1 analysis , m,,.in [110, 160] GeV]

—

8
s 10

« Total background shape and normaliza ; on data-driven ©

10° ==

e ITK-Upgrade -> improve mass resolur on by 25% (W.rt 7]

Run-2 ﬁjé /ﬁH

ZO: 2.30 (300 fb_l) 7.00 (3000 fb_l) 80 100 120 140 160 180 200 220 Zr:i [266:\/]
Au/u: 46% (300 fbl) 21% (3000 fb)




Invisible Higgs Decay and DM

108 Higgs-portal Model
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ATLAS Simulation Preliminarny

{5=14 Tev, [Lot=300 15"
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:g:j: AN -

R s S

e ATLAS 200 7, wector Dh séesbeeds ATLAS 300 7, majorana Db

[ CRESST 2o

B CoGeNT
——— KENONIDD
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10°

DM Mass [GeV]

One order of magnitude better sensitivity lower

masses with 300 fb]
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Search reach (300/fb vs 3000/fb)

. [GeV]
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Electroweak SUSY, extend from
500-600 GeV to 800-900 GeV

900
800
700
600
500
400
300
200
100

llllll|I|||I]||IIII|II[||II|||II|||IIII'|II|III||I_

rllillfli‘l’llm

ATLAS Simulation Preliminary
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1s=14 Te

L dt = 3000 fis", =140, S discovery

— 3
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e Scalar top/bottom, few 100
GeV Increase In reach

'_;1 000 [ T T T T T T T T T T T T T T T T T T T T ]
> EATLAS Simulation Preliminary | LS
g 900 - s=14 TeV —300 fb™ (<j.L>_60) 5¢ discovery =
o - \S= € 300 fb™' (<u>=60) 95% CL exclusion -
0 800 —3000 fb’ (<u>=140) 50 dlscoverr =
e - *3000 fb™! (<p>=140) 95% CL exclusion -
700 .ATLAS 8 TeV (1-lepton): 95% CL obs. limit
— CATLAS 8 TeV (0-lepton): 95% CL obs. limit -
600:_ LSRR RRERRNT] —:
- R e, 7]
500F-0 and 1-lepton combined BET S MTTEN R
- S\ g - =
400F- : SR
300F- =
200F- P
100F- P
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Mgy [TeV]

cBeyond the LHC

vector axial-vector scalar pseudo-scalar
3 Vector (g = 1) - Axial (g = 1) 55 Scalar (g = 1) [ Pseudo (g = 1)
[ = v Wall — v Wall — v Wall (f) — FermiLAT
- Q. xh?<0.12 Q. xh®<0.12 Q. xh?<0.12 0E xh?<0.12

1ab"'@100TeV 1ab” @ 100 TeV

20 30 40 50 60 70
Myeq [TEV]

green: Xsec <= neutrino bkg
blue: 1000 fb! @ 100 TeV
red: compatible with measured
relic density

wino
(for some choice

of the couplings) higgsino

mixed (B/H)

mixed (B/W)

gluino coan.

a higher-energy circular stop coan.
collider may push I _ . .

sensitivity to the TeV scale

R. Mazini

00 ab'@ 100 TeV

tasss 100 ab' @ 100 TeV

disappearing tracks

1606.00947

Collider Limits

0 100 TeVv
) 14 TeVv




summary

—— — E— —— —— —— —— ——— —— —— —— —— — — S—

extensive DM search programme at expected luminosity

ATLAS

- complementary to dedicated
experiments for mpm <—~100 GeV end of 2023 300 f

- Invisible Higgs offers a unique HL-LHC (~2035): 3000 f b -
OppOrtunIty tO explore the dark SeCtor \ see also haps:/indico.cern.ch/event/539266 _/

—> Close to the limits on BSM H decay
more data, new challenges

balance between sensitivity to low-momentum signals (e.g. spin-

zero) and robustness at very high energy
trigger & detector performance are crucial!

explore lower-cross-section extensions of the SM

EFT use can be complementary to simplified models approaches.

may extend LHC reach to mpu —500 GeV In the next ~6 years
may lower with one order of magnitude the DM-nucleon cross section
with the coming LHC data.

HL-LHC program is critical for all new physics searches
Time to join ©

Results now: 36fb-!
end of 2018: 120 f b -1
H -1

— G T N EE—— E—,

I
I
I
I
I
I
I
|

R. Mazini 82



CSome ATLAS references

» MET+y:Eur.Phys.J.C 77,6 (2017) 393

- MET+a(1-L):ATL-CONF-2017-037

. MET+Z(ll): ATL-CONF-2017-040

- MET+W/Z(had): Phys. Lea. B 763 (2016) 251

» MET+jet: ATLAS-CONF-2017-060

- Z(vv)/Z(Il) cross-secYon raYo: to appear

. MET+H(bb): ATLAS-CONF-2017-028

» MET+H(gg): arXiv:1706.03948

- MET+H(4): ATLAS-CONF-2015-059

» MET+bb: ATLAS-CONF-2016-086

. MET+a(had): ATLAS-CONF-2016-077

- MET+a (2-L): ATLAS-CONF-2016-076

V. Ippolito - DM @ATLAS - July 6th, 2017

~ di-jet: hap/arxiv.org/abs/arXiv:1703.09127

~ di-jet TLA: ATLAS-CONF-2016-030

- di-Jet ISR: ATLAS-CONF-2016-070

- dilepton: ATLAS-CONF-2017-027

~ abar resonance: ATLAS-CONF-2016-014

>~ summary plots: haps:/atlas.web.cern.ch/Atlas/

GROUPS/PHYSICS/CombinedSummaryPlots/
EXOTICS/index.html

~ SUSY EW 2-3I: ATLAS-CONE-2017-039

* chargino/neutralino tau: ATLAS-

CONF-2017-035

-~ chargino long-lived (disapp track): ATLAS-

CONF-2017-017

" SUSY pM SSM scan: JHEPO9(2016)175
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Dark Sector

Higgs portal(Scalar DM)

hidden
sector

Ga

- F“me,

“\fector port*Dark photon)

> Kinetic mixing (strength ~ €e)
between SM and Dark photons
> Small mixing = long lifetime

ATLAS search for HLsP
dark photon

=
£

Visible decay of dark

photon

= “Lepton jets” P

Kinetic m|xing parameter e

EXOT-2014-09 Prompt search

1072 77 IKILCI)IE{;:,;,; ,, 'HADES ' KlOE
10°E
107
107
107°
i search
10°
1 0_8 B GR 40/
1 0—9 SN .52 150// —;
10710 ATLAS .
203fb \E=8Tev 3
10—11 l ] ||||||| ] L1 11 | |||||||
107° 1072 1 0 1
m, [GeV]

> LHC extending the reach towards
high high myq and Low € regions

» Complementary to future fixed-
target/beam-dump experiments

+ Seeposter by A. Policicchio!!



CDark Photon

EXOT-2014-09 Prompt search arXiv:1608.08632
102 FFEeiisiasse:

HADES KLOE

Al

il o 107
Q 10_4\
O
-6
g 10°° 10
S 10° 107’
e Belle-II
:§ 107 W 5abL
S 10° 10°® f
. — [ BR 20%
.lq_j —]
c 10°° = _9 _
% - 10
10_10 _g LHCb
L] | ||||203ﬂ|)1‘/|;|=|8|-r|ey|| i 10_10 —
10 i ]
10°° 1072 101 1 10-11 " e 2021
e [GeV] 10° 102 o 1

ma [GeV]
> LHC extending the reach towards high high myq and Low € regions

> Complementary to future fixed-target/beam-dump experiments
86



MET+W/Z(had) Phys. Lea. B 763 (2016) 251

o

trimmed large-R jet (@nY-kKT R=1.0), MET >250 GeV

e with 1pu1b CR for reducing abar uncertainYes D2 scale uncertainty

2 . B ot ] I:.I: Eﬁf;@_&mé: VIeCtCI)r nl10dI9| o 2:\ 03_ T T T T T L | T
10 M Ee i1 — leets med 5 - Er?ttakzcg5 1‘961::32\6\: JES+JMS ATLAS Preliminary /3
- - | Wiets 3 0.25F . 005 02 o -
= | Single top S Trimmed (f_ = 0 05, Ry, = 0.2), P77 > 150 GeV i
boson tagging based on jet _ I B e 9
= Pre-fit background 1 o - B
mass and pr-dependent cut ; 13 . = ot cerary
3 .5 A9 — R, baseline (Pythia 8) —_
On 2-prongness (‘Dz} e~50%), = 1800 TEEe [
' . T -+ Statistical ]
. . H- - .
main uncertainty on total * EEEREIEEEIENNEE 05 -
: e S e e e T e TT
b k (5—13%) 02 i T T 0 T T TP TN TR T LT T LT P it ) il
g S E 3x102 10° 2x10®  3x10°?
05 E, | . . : ; . P [GeV]
0 200600 800 1000 1200 1400 .
E_Tiss [GEV]
;1 000 B l I I I | T I T I I I T | I I I I ]
= 0 e s 8 [ ATLAS / g
O - ATLAS g.=025g =1 3 1 c — -
= B0 5 naRNL T = 900 [1=32f" Vs=13Tev
£ goob. [L=3.2fb" V{s=13TeVv 4] E = .
= miss : 3 . o B VVXX EFT
- B +W/Z: vector model 4 - ¢ = 800
7001 El B E T
600F- /¢ w2 : = — 5 _ [ X
5 ] C = 700— —
500 med —Ims 10 3% o B |
= 13 & - - 1
300 : s XL :
E -l S B di
1 500 :
1005 | £ - .
_1 T‘Fﬁr : 1 400 N =
200 400 600 800 1000 1200 1400 1600 1800 2000 T T T T R . I
R. Mazini Mpeq [GEV] 0 200 400 600 800 10Q0
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Z(vv)/Z(ll) cross-section ratio measurement

Numerator and denominator = 11 VBF

p,‘ll‘iss > 200 GeV

(Additional) lepton veto No e, u with pr > 7GeV, || < 2.5
Jet |y] <44

Jet pr > 25 GeV

Ay, pmiss > 0.4, for the four leading jets with pt > 30 GeV
Leading jet pr > 120 GeV > 80 GeV
Subleading jet pr - > 50 GeV
Leading jet || <24 —

mij B > 200 GeV
Central-jet veto - No jets with pr > 25 GeV
Denominator only > 1jet and VBF

Leading lepton pr > 80 GeV

Subleading lepton pr > 7GeV

Lepton |7 o

meg 66—-116 GeV

AR (jet, lepton)

> 0.5, otherwise jet is removed

R. Mazini
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Z(vv)/Z(ll) cross-section ratio measurement

Systematic uncertainty source | Low p™* [%] High pT* [%] Low myj; [%] High mj; [%]
Lepton efficiency +3.5, -3.5 +7.6, 7.1 +3.7, -3.6 +4.6, —4.4
Jets +0.8, -0.7 +2.2, 2.8 +1.1, -1.0 +9.0, -0.5
W — 71v from control region +1.2,-1.2 +4.6, —4.6 +1.3,-1.3 +3.9, -3.9
Multijet +1.8, —1.8 +0.9, -0.9 +14,-1.4 +2.5, -2.5
Correction factor statistical +0.2, —-0.2 +2.0, -1.9 +0.4, -0.4 +3.8, 3.6
W statistical +0.5, -0.5 +24, -24 +1.1, —-1.1 +6.8, —6.8
W theory +2.4,-2.3 +6.0, 2.3 +3.1, -3.0 +4.9, -5.1
Top cross-section +1.5, -1.8 +1.3, -0.1 +1.1, -1.2 +0.5, -0.4
Z — {f backgrounds +0.9, -0.8 +1.1,-1.1 +1.0, -1.0 +0.1, -0.1
Total systematic uncertainty +5.2, -5.2 +27, =26 +5.6, —-5.5 +14, —-11
Statistical uncertainty +1.7, -1.7 +83, —44 +3.5,-3.4 +35, =25
Total uncertainty +5.5, -54 +87, =51 +6.6, —6.5 +38, =27

R. Mazini
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MET+H

< 1000

QO

S 900
<C

&
800
700
600

500

300

I T T T T | T T T T I T T

A TLAS Prehmmary — Observed limit
Vs=13TeV, 36.1 fb™ EEEE Expected limit =10
Mono-h(bb), All limits at 95 % CL  «.=.- Vs=13TeV, 321" -
Z'-2HDM simplified model A -1
tanp=1,9,=0.8,m =100 GeV fs=8TeV, 203

. ATLAS-CONF-201/7-028

4005 &/

IIII|IIII|IIIIIIIIJ|IIII

500 1000 1500 2000 256 |

m,, [GeV]

1 T T IIII| I 1 T LI III| T T T T \II‘
—=h + x x,Z', Dirac DM
pr (il + X % B ATLAS
sind = 0.3, gq: 1/3, gx=1

H(yy)

Vs=13TeV, 36.1 fb"
\arXiv:1706.03948

\\ XENONAT Pa“daxuxzme

N . ____';f:,,:ff*’*"

Spln mdependent e *‘l"”" '90%,CL:
10 107 10°

DM mass m, [GeV]

R. Mazini

L
A
X

Higgs boson as a discovery

tool!
. probe couplings between a new
mediator and Higgs sector
. Mmost sensiYve channel is
H (bb)+MET
. use m(bb) as discriminant in
resolved and boosted
regimes (MET </>500 GeV)
. bkg from Z(vv)+jet, W +jet
and abar, 14 and 2u/2e CRs

also MET+H(4l) (ATLAS-CONF-2015-059)
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di-jet _di-lepton.

= 8
D I - X '5 ATLAS g 10 ATLAS Preliminary ¢ Data
~ 10" {s=13 TeV, 37.0 b T \s =13 TeV, 36.1 fb” B Top Quarks
2 . . Daia Dielectron Search Selection E Dit;? o ; . r
0 107 Background fit 10° [ Multi-Jet & W-Jets
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10 o-- q'm =40TeV 1o* 7\ (4 TeV)
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\medlato r/ i 1
o 10
/ 10 g%, ox10 1
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Dijet search strategies, compared

dijet+ISR photon/jet

e [ T - ! L N ]
S [ X+v(P >150GeV) ATLAS Preliminary
i} oL Wiel<08 (s=13 TeV, 15.5 b
- . Data
—— Background fit
" —— BumpHunter interval
10°E . =
3 —
10°E ‘.""-.._ E
- --o--Z'(g, =0.30), m,, =350 GeV, o x 50 -
[~ p-value =0.67 |
10? = Fit Range: 169 - 1493 GeV »
L 1 | |
oF- =

Significance
v o
z H
1 |

200 300 400 500 10|00
m; [GeV]
W B ! A '_
€ [ X +] (P, >430 GeV) ATLAS Preliminary -
D [ l,1<08 Vs=13 TeV, 15.5 b .
108 . Data -
- —— Background fit :
:e 000 —— BumpHunter interval
L . N
105:_ e =
"ATLAS-CONF-2016+07Q -1
- -0 Z' (g, = 0.30), m =350 GeV, o x 50 .
4| p-value=06 ]
19°E™ Fit Range: 303 - 611 GeV E
8 oF =
3 :E——ﬁ_-—-_'—_-—"!
= —
R. M&i F

400

=
9
58

ISR photon

* one photon with pT>150 GeV

- 2 jetswith pr >25 GeV, ly*|<0.8
ISR jet

* one jet with pT >430 GeV

- 2 jetswith pT >25 GeV, |y*|<0.6
extend range to lower masses

0.3

0.2

0.15

0.1

0.05

\_

0.35[— ATLAS Preliminary March 2017

0.25

the overall picture

Dijet+ISR (y), 15.5 fbt
ATLAS-CONF-2016-070
Dijet+ISR (jet), 15.5 fb?
ATLAS-CONF-2016-070
Dijet TLA, 3.4 fot
ATLAS-CONF-2016-030
Dijet, 37.0fb "
arXiv: 1703.09127

Vs = 13 TeV: 3.4-37.0 fb

95% CL upper limits

== = Fxpected
Observed

S v <06
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The simplified models link to direct detection

1e (yet)

10734, ety
DD looks for non-relaYvisYc nucleus-DM scaa ering | Al T e i
: - =361 +/- Scale uncert.
e 90% CL limits on gsiand Osp, VS Mpwm L e :E{éﬁss»r-n "
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= E
2 . S 5 :
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S 1044}
o os1 ~ () (suppressed by velocity dependent terms) r'
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Jet reconstruction
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Large-R jets

JETM -2016-009

42\ 0.3_ T T T T T [ T ] 2\
kS - Data2015,1s =13 TeV ATLAS Preliminary 4 €
g ~ anti-k, R =1.0 jets, LCW+JES+JMS 1@
3 0-25" Trimmed (t_ = 0.05, Ry, = 0.2), P > 150 GeV 18
> - |<2,m /p®=0.10 =
.,U_.) O 2__ jet jet = T __ (@))
S 10
= - [ Total uncertainty . CEU
s 0.15[ — R, baseline (Pythia 8) s
*g B R, modelling (Herwig++) 15
F oo 000 e R, tracking i L%
N -+ Statistical i
0.05 =
I '_'._'_':_'%.':'_"" "'"""":""-'""."“'\'i“r':"':""""""""'""" B
0 I 2“"1"'”“.r-.uu..n-.-nnn"'l‘s 1 . 5
3x10 10 2x10° 3x10

R. Mazini

p;' [GeV]

o
(&)

o
N
&)

O
N

0.15

o
—_

0.05

| I T T T T | :
- Data 2015, 1s = 13 TeV ATLAS Preliminary /-
~ anti-k, R =1.0 jets, LCW+JES+JMS n
[ Trimmed (f = 0.05, R, =0.2), o > 150 GeV .
N jet _ -
- m, <2 m /p%=0.10 E
] [ Total uncertainty :
— - R, baseline (Pythia 8) e
B R, modelling (Herwig++) 0
- R, tracking / —
N = Statistical i
IIIIIII 7 .I.....,.......:.-;..‘.'ﬁu"l,:':.llmmu|.|||u.|q||.lm.|lulm.lm'|"!tl'i""1""""'"'rk':'-".t""'l"'""''"""““""""”I“"""“m““"“F
3x107 10° 2x10°  3x1/
P= [GeV]
T
95



MET trigger
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