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Accelerator LS2 Upgrades

2019-2020: Long Shutdown (LS2) preparing for Run 3 in 2021-
2023.

Key Plans for LS2 Accelerator Upgrades

https://home.cern/news/news/accelerators/key-plans-next-two-years-lhc

Preparation for HL-LHC, as well as Run
3 and maintenance.

More intense, concentrated beam,

with new Linac accelerating H-

instead of proton.
* Replace Linac 2 with new Linac 4.* g
 Upgrade Booster injection. —
* New RF system in SPS. N\ T

Bring beam energy up to 7 TeV. _—
* Consolidate the diodes providing o ) iy

current to dipole magnets
~20 magnet replacements, install new ...
lifts, ...
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ATLAS LS2 Upgrades

L1 Calo Trigger Upgrade New Muon Small Wheel
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Improvement on Jet and MET triggers, too.  TDAQ Upgrade
Nucl.Instrum.Meth. A824 (2016) 374-378



Luminosities in Run 2
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Month in Year

Ecy = 13 (TeV)
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Standard Model Production Cross Section Measurements
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Normalised cross-section

Top Spin Correlation
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Normalised cross-section
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arXiv:1907.03729

CMS 35.9fb ' (13 TeV)
_IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIIIIIII_ bg:O.S— +'Uf||dddt| ! | T [ ' | y -
k5 P y i iesl F nfolded data
16F AFTLAS Preliminary  Inclusive - = " POWHEGV2 + PYTHIAS _
L Vs=13TeV, 36.1 b . —lo . -~ MG5_aMC@NLO + PYTHIA8 [FxFx] ]
14 No spin correlation [ - 0.4 ...NLO, SM —
- i L -- NLO, uncorrelated e
5 - ~-NNLO, SM ] . ]
2yl 0.3F e s
L En;.l.:__‘ = RaE £ 1

ﬂx# SM pred.

— Powheg
Powheg (C = 0)
== MCFM (nlo)

0.8

0.6 ¢ Data
-== Fit result
D_q_IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII . :
0 010203040506 070809 1 0 s /3 ) 51/3 571_/6' T
A0

Parton level A¢(I",[)/xt [rad/x]

10



Top Spin Correlation
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o SEIFLGBFEEITL. EHE
HIRZRILTE S,
______________________ BEDIRILF—8TeV=>13 TeV
H ' - ARERTETEIL. 2-515,
® w2 - Bt ut  Run2TIZ, 1={CAE-T

BRRGFroRILTREEAE

Figure 5: L H - ]/]/ :ynman diagrams of Higgs boson decays (a) to W and Z bosons and (b} to fermions. 'g"é

I w

Figure 6: Leading-order Feynman diagrams of Higgs boson decays to a pair of photons.
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ATLAS-CONF-2018-026

Search for H - uu
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] JHEP 0811 (2008)
Vector Boson Scattering Processes
* Vector boson scattering involves
— Triple and Quadratic Gauge Couplings
— Higgs restores unitarity at high energies
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2isE0fR | Vector Boson Scattering
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- _u‘4? L - - k. L¥e
6.90 observation 5.30 observation

(expected 4.60) (expected 3.20)

ATLAS-CONF-2018-030 arXiv:1812.09740

VBSIE. BLOETALERNERIZZELI-ECA,
hbhin, eEvITREDTFHIZTODNT. BERIZTO,
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Vector Boson Scattering (2)

. x - » . x ']  » + — . q‘,r
o« VVjj > ZZjj > 4 + jj » VVjj > ZZjj > 7" +2v+jj :
g 22_|||[\||||\\|11||||||||||¢|||H||||:|lf_ EED __"']"'l'"|"'|”'|D"l'|'”|'2'z'(|E"Iv')'|”|_
& - ¢+ Data W ZZ(EW) — 35 ATLASPreliminary e Data mm -
s OF mzzoco) Moz | § [ fs=13Tev, 130 Ees BTEACD)
& 180 [l Others Uncertainty - & o £Ewjf E99ZZ ~ Uncertainty
@ C . 30 signal Region ]
e ATLAS Preliminary E : ]
C ) Vs=13TeV, 139 fb" . o5l ]
14f Ceeel - :
g Signal Region C ]
12¢ 20 -
15
105

5

o

-1 -08 -06 -04-02 0 02 04 06 08 1 -08 -06 -04-02 0 02 04 06 08 1

BDT Output BDT Output
oEWK = ().82 + (.21 fb. ATLAS-CONF-2019-033
5.5 o observation (expected 4.3 o) D2 £k
VBSIZ. WWWZ,2ZD R IR EE A EL = 3E L=, VVjj - WVJjj - semileptonic

INDS, EVTREDTFHIZDONT, BERIEETI. 23



l: P4 7‘X = |:I'l == I/JE
+ DiHiggsEREHFELTHETT 5, j>'

 DiHiggsl&. 220D & ANV ISLDF

HEDFEC B,

« LLBESHEERAyyy) D ERITHIE,
HHAE R D BEIR (T 2512735,

z Expected event yields for '1;’;4” =1
B Decay Channel | Branching Ratio | Total Yield (3000 tb~")
% bb + bb 336 40,000
B bb+ W*W~ | 25% 31.000
= bb + 51~ 7.3% 8,900
77 + bh 3.1% 3.800
W*W-+ 11 | 2.7% 3,300
77+ WHW- 1.1% 1,300
¥y + bb 0.26% 320
Yy + ¥y 0L.0010% 1.2

ATL-PHYS-PUB-2014-019

l-.'I'II'I'I'|I hiﬁﬂ
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Run 2T MO Dihiggsif & R

F 9 [EDihiggsERFIEL TS,
Diiggs K0 & MMERIHT 5 LR HEMERAEIHNTSHE

ATLAS —e— Observed oy 10_"|----|-"-|"--1----|'--|' T T T
1 eeeees Expected . = E = = = Exp. 95% CL limits
{s=13TeV, 27.5-36.1fb B Expocted + o = b
L ng;-'r (pp = HH) =335 1b Expected t 20 al T 1 |~ Obs. 95% CL limits
T
B Obs. Exp. Exp.stat | g . — bbbb
HH—» bbr's | 12.5 15 12 % E S
4 o F
HH-» bbbb 129 21 18 — By
- i [ Allowed x; interval _
HH— bbyy 203 26 26 ] 4 0W1 | at95% CL | Comb.
HH- W'WW'W 160 120 77 £ Obs. Exp. 3 | comb. 10 exp)
4 (Exp. stat.) ATLAS
HH- W'W yy 230 170 160 -50-120 | -58-12.0 ! fS=13Tev Comb. +2¢ (exp.)
1 (53 11.8) 27.5-36.11b" — o
HH-> bBW'W 305 305 240 102l T T PN T T Theory-predicion
..................................... _20 _1 5 _1 0 _5 O 5 1 0 1 5 20
Combined 69 10 88 K
' A
10? 103 10*

1 S
95% CL upper limiton o o0r (PP — HH) normalised to o

—5.0< k) <12.1 at 95% CL.

S > hhEROFERELT, ¢ |
RCT—42%ZERT 5Ly ¢ 7
TE5: 107
(e.g. S=heavy Higgs) e

T
ATLAS
s =13TeV, 27.5-36.1 fb"

spin-0

.. Exp.95% CL _ Obs. 95% CL

limits limits
—WWWW = WWyy
= bbW'W’ = bbbb
—bbT'T = bbyy
== Comb. (obs.) l %?é?(r’;rb o
&‘,’(r;_t)" 0 BukRs

2x10° 3x10°
mg [GeV]

10°
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REEY JANTFICXT 2 HHY

By AR FDESERONST

JHEP 11 (2018) 085

MSSM (hMSSMF1)A) (=3

TR\ T IO RER—HILT=,
4 AT E AR (<6 9 HlHY
10T T

o(pp — tbH") x B(H - tb) [pb]

107"

I llllll[

Illllll

ATLAS
Vs=13 TeV, 36.1 fb"

e 5% observed imi (CL!)
95% expected limit (CL )
- Expected = 1o

D Expected + 20

— % tanf = 0.5

— AN - 1

— ™ tanf = 60

1 1L 1 111l

1 L lllllll

200

Ml PR BT B TR BrETEh N BT R R
400 600 800 1000 1200 1400 1600 1800 2000

my; [GeV]

ERY Ak

(=Y -

S 40, Q ATLAS :
30F i
20+ i

tbH*, H'= tb & 95% obs. excl. (CL)
10 - hMSSM_~ . 95% exp. excl. (CLS)_:
- {s=13TeV ]
- 36.1 fo™ Expected + 16
3r D Expected + 26

200 300 400 500 600 700 800 9001000
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e H > tvFyr )L ElL, B

HY > twF ¥ X)L & DB
EDHHMEENELD=0.

MSSM®DEFTELNSERTHAEMRIENZ D,

JHEP 11 (2018) 085

ATLASTOMSSME YT RIZZEDEED

September 2019
T

ATLAS

95% CL; exclusions -

[[T] observed, wv

— - - Expected, v

R Observed, tb
Expected, tb

1

1

60

40
30

20

tan B

800 1000

JHEP 01 (2018) 055

o [

Vs=13TeV, 361"

JHEP 09 (2018) 139
I H' =t

s=13Tev,36.110"

JHEP 11 (2018) 085
[ Hb — bbb

Vs =13TeV,27.8 0"

arXiv:1907.02749 [hep-ex]

ATLAS
Preliminary

hMSSM, 95% CL limit

L @1 1 1111

— Observed

1 i
1200 1400 1
My [GeV]

30

500
m, [GeV]

600 700

[ ] H— ZZ— 4l/lvy

V=13 TeV, 36110

Eur. Phys. J. C (2018) 78: 293

gg— A— Zh

¥s-13Tev,36.1 10"

JHEP 03 (2018) 174
) H- WWos viv

Vs =13TeV,36.1 "

Eur. Phys. J. C 78 (2018) 24
B H- hh— 4b,

— bb yy/tr,

Vs =13TeV,27.5-86.1 1"

arXiv:1906.02025 [hep-ex]
———h couplings [k, K, ]
Vs =13TeV,36.1-79.8M"
arXiv:1909.02845 [hep-ex]
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Long Lived Chargino
.« WIinoWLSPDIBEIZ. x7, Y DEENHET EHEELNH S,

_ AMSBTIZ. O OhDMIZHYS5 3,
. ﬁ(iﬁ% i—Long Lived Particle (LLP)I<%&4.

ATLAS Simulation 7 £ .__, JHEP 06 (2018) 022

% Xfproducton __tarB=5.p>0

0 + 0.4l ATLAS N
_ X1 T - (s=13TeV, 36.1 fb ! 1
f : J 004:" _Obewedss.chlmnHo )
- 0,031 . Expected 95% CL limit (1 ,,..)
i e I B 7 T ATLAS (8 TeV, 20.3 fo”", EW prod. Obs.) |
P U 4 1’ 0.021 ..+ Theory (Phys. Lett. B721 (2013) 252) |
-0 ALEPH [F'hy L tt. 3533 (zuuzpzz:s)
')" wn . f 0.01L [T I B T A Ll Ll Ll |
1 ’ 100 200 300 400 500 600 700
' / M, [GeV]
] X|
. [
~0)
i".:l: X1 — "
1 ~ ] ]
P N X "
\ -
o N
’]‘Ti —_—~
+
@ pp— K 7 X1 28



ATLAS Supersymmetry Searches

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

October 2019 V=13 TeV
Model Signature  [£dt[m™] Mass limit Reference
33, —qt] Oep  26jets EF™ 139 |4 [10x Degen] 1.9 m(i?) <400 GeV ATLAS-CONF-2019-040
mono-jet  1-3jets EP™ 361 0.71 m(g)-m(¥})=5GeV 1711.03301
g 2. E—qat) Oep 26jets  EP™ 139 | & 2.35 m(i})=0GeV ATLAS-CONF-2019-040
5 3 Forbidden 1.15-1.95 m(¥))=1000 GeV ATLAS-CONF-2018-040
Bz z-anon) 3ep 4 jets 361 |R 1.85 mp?ﬂ’?faoo GeV 1706.03731
o ee,upt 2jets  EMS 364 | 12 m(Z)-m(¥;)=50 GeV 1805.11381
g &%, EoqqWZE] Oc,p 7-1ljets EP™ 361 |& 1.8 m(E}) <400 GeV 1708.02794
= SSe.u 6 jets 139 | & 1.15 m(g)-m(¥})=200 GeV 1909.08457
= 28, gty O-1ep 3h £ 798 | 2.25 m(t})<200 GeV ATLAS-CONF-2018-041
SSe.u 6 jets 139 | & 1.25 m(z)-m(¥])=300 GeV ATLAS-CONF-2019-015
byby, by—b¥ i Multiple 36.1 by Forbidden 0.9 m(¥])=300GeV, BR(:F])=1 1708.09266, 1711.03301
Multiple 36.1 by Forbidden 0.58-0.82 m(¥})=300 GeV, BR(bY})=BR(tf])=05 1708.09266
Multiple 139 |5 Forbidden 0.74 mi¥!)=200 GeV, m(¥})=300 GeV, BR{])=1 ATLAS-CONF-2019-015
Biby, by—biS — bhT) Oepr 6b £ 139 |h Forbidden 0.23-1.35 Am(ES, 7)=130 GeV, m(F})=100 GeV 1908.03122
g kS b 0.23-0.48 Am(E3..)=130GeV, m(¥{}=0 Gev 1908.08122
§.§ Qi [ Wb or ) 0-2e.u 02ets/1-2b .'_"“f’“ 36.1 i 1.0 mE})=1GeV 1506.08616, 1709.04183, 1711.11520
2 AR —Whi) Tep Sjetstd EPS 139 |7 0.44-0.59 m(t})=400 GeV ATLAS-CONF-2019-017
ag fiiy, =T by, iqﬂr(j 1r+1ept 2jets/th E.’,‘.‘"" 36.1 i 1.16 m(7,)=800 GeV 1803.10178
TS A —ck) | &6, e-ck] Oe.pt 2¢ EP 361 |e 0.85 miE)=0GeV 1805.01649
i1 . i 0.46 m(iy &)-m(i})=50 GeV 1805.01649
Oepu  mono-et EF™ 361 |h 0.43 m(f, &)-m(E!)=5 GeV 1711.03301
i) +h 1-2epu 4b EMs= 361 |h 0.32-0.88 m(F})=0 GeV, ({7, )-m(¥})= 180 GeV 1706.08986
i, =iy + 7 3eu 1b E.’,“i-" 139 I3 Forbidden 0.86 miF})=360GeV, m(i,)}-m(t))= 40 GeV ATLAS-CONF-2019-016
FiES viawz 2-3epu E;,“f-“-‘ 36.1 if‘/f: 0.6 m(il)=0 14035294, 1806.02293
ee.pp 21 i 139 ,P%,u'r, 0.205 miEt)-m(i)=5 Gev ATLAS-CONF-2019-014
¥iF via ww 2ep EPs 439 | E 0.42 m(¥))=0 1908.08215
L Yt viawh Olep  2b2y EP™ 139 |K/¥ Forbidden 0.74 m()=70 Gev ATLAS-CONF-2019-019, 1909.09226
g Vi, viad v 2e.p EP™ 139 i 1.0 miZ #=0.5(m (¥} J+m(¥]) ATLAS-CONF-2019-008
WS w7 rorf] 2r Byt 139 T [ TR,L 06013 0.12-0.39 miF})=0 ATLAS-CONF-2019-018
[T 2ep Ojets  Ey™ 139 |7 0.7 mii})=0 ATLAS-CONF-2019-008
2ep =1 £ 139 P 0.256 m(@)m(i?)=10 GeV ATLAS-CONF-2019-014
if, B-hGzG Oept >3h  EMS 361 bij 0.13-0.23 0.29-0.88 BR(E} — hG)=1 1806.04030
dep Ojets  EP™ 361 it 03 BR(F — ZG)=1 1804.03602
'8 w Direct ¥]¥] prod., long-lived ¥ Disapp. trk 1 jet EP™ 361 Pure Wino 1712.02118
= % Pure Higgsino ATL-PHYS-PUB-2017-019
T
2 £ Stable ¢ R-hadron Multiple 36.1 1902.01636,1808.04095
S g Melastable g R-hadron, g—qg¥ Multiple 36.1 m(F)=100 GeV 1710.04901,1808.04095
LFV pp—ir + X, vr—epfer/ur eperur 3.2 Ayy=0.11, diz2133/233=0.07 1607.08079
ViV WS - WWZEetvy dep Ojets  EP™ 361 m(¥})=100 GeV 1804.03602
3%, 3—qg¥1, X - gqq 4-5 large-R jets 36.1 Large 47, 1804.03568
>~ Multiple 36.1 m(¥!)=200 GeV, bino-like ATLAS-CONF-2018-003
o o 5
£ 7 ik, ¥ — ths Multiple 36.1 m(t')=200 GeV, bino-like ATLAS-CONF-2018-003
iy, i —bs 2jets+2h 36.7 1710.07171
hin, f—ql 2ep 2bh 36.1 BR(f, —he [ bu)>20% 1710.05544
1u DV 136 BR(7, —qu)=100%, cos,=1 ATLAS-CONF-2019-006
*Onl ion of ilabl limi 107! 1 29
Only a selection of the available mass limits on new states or Mass scale [TeV]

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




Long Lived Heavy Neutral Lepton Search

« Search for right handed majorana neutrino (N or HNL)

— Production and decay: function of m, and coupling strength |U|?
« Atrigger muon w/ pT>28GeV (prompt)
« DV (Displaced Vertex) with two leptons

— 4<rp,<300mm

— mp,>4GeV

» Background: hadron interaction w/ material, metastable b- and s-hadrons,
accidental crossing particles, cosmic ray.

'g"lozg“‘"“|'*"\““|““|'
= - ATLAS /s =13 TeV, 32.9-36.1 fb”
— 10 95% CL exclusion, dominant v, mixing W+
8 E Observed (prompt, LNV)
1 | Observed (displaced, LNV) 37
E ——~ Observed (displaced, LNC) "
E ........... Expected
107 [ Expected = 1o
1] Expected + 2¢
107%E
10° = o
10°E
1 0_5 | | | 1 | | 1 | 1 1 1 1 ‘ 1 1 1 1 | | | | | | 1 D 1 *D E
10 20 30 40 50

my, [GeV] 30
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Super Cells

2 Trigger tower = 10 Super Cells (SCs)

Trigger towers

m:{> )
calorimeter
S alarmeter

Laver »
A=Efds @ 2,7#0.1

Super Cells

Layer 2
.fl.ﬂlm = 0 DMEa0

TRger OWers {an « A4 = 0.1 211 oo ;vu
E] P B ] : H Deckomagnane &~xA & 5.02%50.1 0
SRy Hntzdatl sima Hadronic inner core ayer 0
=0 Local meximams &nd Izalgtion ring n At = 0140
Elementary Cell Trigger Tower per Ce
Layer (barrel) [An x AQ]  |[ng X ngl |[AN x A@] | [ng X ngl | [An x Agp]
Presampler (layer 0) 0025x01 | 4x1 | ax1 | 01x0.1
Front (layer 1) 0.003125 x 0.1 | 32x1 | 01 0n | 8x1 [0.025x0.1
Middle (layer 2) 0025x0025 | 4x4 | ' ' 1x4 | 0.025 x 0.1
Back (layer 3) 0.05 x 0.025 2x 4 | 2x4 0.1 x 0.1
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High Luminosity LHC (5{[, LH{C)

ECFA HL-LHC with L=300 fb! (3 ab!) physics study.

Higgs mass precision AMu ~100 (50) MeV.

Access to top-Yukawa coupling via ttH, and rare decay H—pup.
Coupling precision of 10 to 5% reachable (even few% 1n k/xz).
Detector performances (trigger, lepton-id, fake, 1/b-1d) are crucial
Theory uncertamty dominates - challenge for theorists!

 ATL-PHYS-PUB-2014-016

ATLAS Simulation Preliminary
's = 14 TeV: [Ldt=300 ib” ; [Ldt=3000 fb

III[IIIIlIIWIlIIII

.....
ooooo
.....

oooooo
ooooo
ooooo

|IIJ1|IIII

0 005 0.1 0.15 0.2 0.25

§:m|nso11_mm:tanmnunwtm (N
E14T9VFBT9VNK$33TQ‘M’"E-TE\I' .-" : IJ‘:
¥
_99 n 1
% mui- il //f . a':ra
= P ,” /
= o o ,"
,// #
N —f : METW200SNLO
o CMS NOTE-13-002 = 0000
e, M (GoV)
Expected uncertainties on 1 soomtat 8= 14 Tew 1
Hi boson fin 1 so0m'at &= 14 Tew Soenario 2
" R 2023F A G(l4T6V)fG(8TBV)
L | [———— 1 "
o L =300fb™ gg—H 2.6 (Mx=M)
®g gq—qqH | 2.6 (probes high My)
i ' qq—VH | 2.1 (Mx=My+My)
i gg—ttH | 4.7 (phase space+Mx)
e
0.00 005" K R S I
expected uncertainty
CMS Projection
' Expected wcortainticson || wontm mesunwsomer | CIMS
Higgs boson couplings — soooitr' st f s 14 Tay Scomario 2 .
20354 5(?) Scenario 1
- L =3ab! current systematic uncert.
x —t— Scenario 2
- | theory uncert. v 1/2
. | other systematics ~ 1/vVL
e e
1 T N R N B | T IR TR NN TN MU M N |
0.0 005 D'gpecteu u%ggnainiy 331 0
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Significance

0—1

ATLAS-CONF-2019-007

Full Run 2 Dijet Resonance Search

Dijet mass spectrum

é T '| T T '| T T T I T T T 'I

- ATLAS Preliminary

E /s=13 TeV, 139 fb”

5 « Data

- —— Background fit

- —— BumpHunter interval
g*,m _=40TeV '

: q*, mj, =5.0 TeV

el b

i— q*, ax01 +

= p-value=0.8

= FitRange 11-81TeV 1 _‘%

= Iy <06

E | , | | =

o e Theory g
E —s— Observed 95% CL —
Y e Expected 95% CL 1

mmn tlo

- {s=13TeV, 139"
- ATLAS Preliminary

% 8 A 5 ® T B
mq.[reV]

Mg > 6.7 TeV
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arXiv:1903.06248

Full Run 2 Dilepton Resonance Search

Dielectron invariant mass Dimuon invariant mass

E 10 ATLAS E 10 ATLAS
= = (5=13TeV, 130" 3 o : (5=13TeV, 130 "
~ ~ 0
£ £
“31 107 L% 107
10 « Dma 10 . Dsta
:- — BEgmunconly Ml . — Backgmondanly il
1 - o= - Gareric sigresd wl 1,34 Tud, Min = 1% 1 e Giereic gl w134 Tl M = 0% o
Canaric mgnad @t T Tal, Mim = 0% Clanedic pighal &8 T Tal, Mm < 1% H i
.-“:I-'l Canaric signal ai 3 TaV, MNim= 0% 1|:|-' - Caneic signal 28 3 Tal', Mim = 0% ‘g{\-
° 3 ' I } 2 3y b :
= x ! 1 2 : gt -
& UP"#"*J}J[[+++*H+H+‘J““ it ..“t J'++t+++++t|.h..;{-|1+|,++.+ﬂ'+m.’q.iln ...... Sk 1--Ii ﬂFﬁ, ﬁ"tﬁw A4t T‘:..,!.!_.!'J.l.t.ﬁ# kA J'++ﬂf+’tﬂ-.|.-lﬂﬂ;ﬂ;‘r“.m. Kbt -
d 2 t ! 1 § =2 t oy :
= w1 10° 26100 3107 = TTTaaw 10° 2100 n10°
m,,, [Gel] m, [GeV]

No significant excess, set limit on production cross section of heavy particle.

= ——— = —— —
' ATLAS . o ATLAS
= 10§ f5=13TeV, 139 5" = 10 f5=13TeV, 1397
o : X =1 1 & X1l E
| - — . . ’
\ - Lower limit on Z' mass
1 _E' 1 3 _E' Lower limits on my: [TeV]
] E 1 Model ee 1y tf
1 i 1 | obs exp|obs exp]| obs |exp
101E e 1071k =z, |41 43[40 40| 45|45
E i 7 Z} 46 46 |42 42) 48 |48
= : ZS’SM 49 49 | 45 4.5] 5.1 ]5.1
102 — Ovsmrvad il &l Mim = 10% — 102 = — Qb=arved ek al Nim = 6% =
Expacisd it af [4m = 10% 5 = Expoacisd it al [im = 6% ==== L', model =
=== hm=53% = fim=0% —z'ml'l'ﬂ'bd-q’l . - == m=17% == Mim=10.5% —.Z'...l'l'd.‘dﬁ! : .
FEAL LR (G000 S T o Pt Lo a P TR . IR (o R T L o i VAR R T i
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 S000 G000
m [GeV] m, [GeV]
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Full Run 2

ATLAS-CONF-2019-008

Chargino and Slepton Searches
* Final states: 2¢ + missing E;

« Use stransverse mass M,

E ATLAS Preliminary ==+ Expecied Limit &1«_: -
E (5=13TaV, 139" . —— Observed Limit (+1a02) E
[~ Al limits &t 95% GL ATLAS 8 TeV, arkivi1403.5294 ]

Bl | L ] A B
100 150 200 250 300 350 400 450 500
M) [GeV]

m 1|—>2>-rTvIvIJ—02xlv1_ mIJ.J gmﬁ m(i':}]

ﬁm—is 13 TeV, 139 7

et e
2 Expociod Limk m_a 1
—Obsanludl.lrrihlu-h"jl -
ATLAS 13 TeV, arXiv:1803.02762

ATLAS Prellminargr

= Al lemits af 3504 CL
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e T U T A TP L i
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,fl:
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e -
{ X1
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| 'l T l T 0
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400 =]

et st it s | AP, . ..:
36-:‘.! 46(:- 500 E{IID 700
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Sum of Weights | 2.5 GeV

Phys. Lett. B 784 (2018) 173

Observation of ttH production

« Top quark®;

—H-vyy (7981

— H-> WW/ZZ - leptons (36.1fb™1) '
- X%

—H-bb (36171

Ty T) 0 EEERE
« Combination of analyses with decays:

()

5 (2018)

Candidate eventd)S/B \Z‘ﬁ ﬁ'lEé*W‘hE?ﬁfh

H - YY'f’\/F g

A TLAS

+ Data

10" - 1 z
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100 =
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||||||||||||||||||||||||||||||||||||||||||||||
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lo og,, [EB;

T T P P P e e
ATLAS

e~ Total Stal. @8 Syst. = SM
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Total Stat. Sysl
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5.8 o Observation
(expected sensitivity: 4.9 ) 37



Phys. Lett. B 786 (2018) 59

Observation of H — bb

 bottom quark®;ZJIAVTIT K
« Combination of processes: !
— ZH — (vv)(bb)
— WH - (£v)(bb)
— ZH - (¢¢)(bb)

(b) b,

Candidate event®DS/BHT  my, 5 BESN-EFTAERE
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2 ¥=13 TV, 7.8 1" -k W 5 fE=13Tav, o0t I VH, H — bb §u=1.06) ] ATLAS WZ Z—+bb {5=13 TaV, 70.8 15"
c : o w2 Single top ¥ |g[ f+f+2ieptons Dibosan -
E . Z+jets = 5 - 243 feis, 2 b-tags 9 Uneertainty ; —Total —=5Stat,
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HNL production and decay

2 my . My
a(pp > W)-B(W = (N)=o(pp > W)-BW — tv) - [U|"[1 ——| [1+ I (1)
My

2.2 HNL decay

For this search, partial widths are calculated for all HNL decay channels including leptons and quarks. The
calculations consider charged- and neutral-current-mediated interactions as well as QCD loop corrections,
which are all described in Ref. [26]. The HNL lifetime 15 has a strong dependence on the coupling
strength |U/]? and also the mass my due to phase-space effects. For a given |U|* and my, the total
width T = 3; T (mp, |U[?) is computed, and the mean lifetime is obtained as 7y = h/T. In the relevant
range 4.5 < mpy < 50 GeV, the result agrees within 2% with the following parameterisations given in
Ref. [27]: v, = (4.49 - 1072 5)|U[(mn /1 GeV)>" and 7y, = (4.15 - 1072 $)[U[2(mp [1 GeV) -1
for dominant mixing to v, and v,, respectively. These relationships, however, assume no LNV decays.
If LNV is allowed, twice as many decay channels are allowed, and tx is reduced by a factor of 2. More
elaborate models do not necessarily allow for LNV [23] and thus may or may not contain this factor of
2. To account for this model dependence, both interpretations are considered in the case of the displaced
signature, which is not limited to LNV processes.
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