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LHC performance and data-set

_ ATLAS
~ Preliminary

2015-2018 data-set:
- L=108 fb*recorded

—
N
o

\.I'g= 13 TeV

—
o
o

] Delivered: 116 fb™
LHC Delivered Recorded: 108 fb’

ATLAS Recorded
Data taking efficiency: ~93% !

A Sy

2015-2017 data-set:
L =80 fb*
13 public results

Total Integrated Luminosity [fo'7]
(8 0)]
o

60—
40 _— 2015-2016 data-set:
B L=36fb"
N 88 publications on arXiv
20—
0 L | | | | | L | | L

3or V2 VP00 g A O g T VT 1B g1

Month in Year

We are about a factor of 2 above LHC design luminosity.
Expect L = 140 - 150 fb™* for full 2015-2018 data-set.
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Challenge to cope with pile-up interactions

Interactions per bunch per crossing:

ATLAS

10

Online, 13 TeV

20 30

40
Mean Number of Interactions per Crossing

50

det=1 08.3 b

2015:
2016:

<u>=13.4
<p> = 25.1
2017: <u>=37.8
2018: <u>=38.3
Total: <u> = 33.3

60 70

-1

Electron Isolation Efficiency

—_
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Electron isolation efficiency:
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e |
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" * —e-Data, j1 < 40 —
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:_*._ —eo—Data, u > 40 o]
E ATLAS Preliminary E
g s=13TeV, 436" =
- FixedCutHighMuTight, Medium LH ID, [n| <247
| | | | I I | | 4

I G - I T I

20
Electron transverse momentum T

Large number of additional interactions (pile-up) cause performance degradation.
Powerful pile-up mitigation techniques developed.
The performance loss is well described by Monte Carlo simulation.



Example: H (—ZZ—4l) channel

Higgs boson discovered in July 2012 at LHC.
Is the new particle the SM Higgs boson ? — measure it properties !

Example for high purity but low branching fraction Higgs decay to four leptons H (- ZZ - 4l):

L=4.8 fb* and 5.8 fb*at 7 and 8 TeV L=80 fb™* at 13 TeV
> - ; | | ; | | | ; | I ; | ; 7 > :I | | | B I | | T TTT I R R | T T TT I TTTT | | B | | I TTT |:
© [ e Data ATLA 1 & [ ATLAS Preliminary ® b= H
O+ ) 4 100 - Signal (m =125 GeV) |
> 25 Il Background zZ 770 4 w100y 727- 5 4 . :
> r _ _ —ZZ -4l 1 gt
2 [ -Background Z+jets, tt 1 = - 13TeV, |80 fb? 7-Z+Jets, tf, fE+V, VWV -
L%) ool [[]Signal (m, =125 GeV) 1 2 80 - i i
E 7%, Syst.Unc. E L%’ i ]
{501s = 7 TeV:|Ldt = 4.8 fo! | ‘ 7 60 - a
(s =8 TeV:/Ldt = 5.8 fb § §
10:— 40 = =
5[ 20 -
0" 0"
100 150 170 200 G \2/50 80 90 100110120 130 140 150 160 170
_ m,, [Ge
Four-lepton mass My [GeV] Four-lepton mass m,, [GeV]
13 events 120< m, < 130 GeV 195 events for 115< m, < 130 GeV
Phys. Lett. B 716 (2012) 1-29 ATLAS-CONF-2018-018

Nice peak of new fundamental scalar !


https://www.sciencedirect.com/science/article/pii/S037026931200857X
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/

Standard Model Lagrangian

Describes everything
experimentally confirmed
before 2012

Higgs sector

Yukawa coupling with new scalar _ _ . \
(completely new interaction type) Higgs potential (1" ¢° +4 ¢°)
ttH, H— bb and H- 1t are important ! (to be explored by High Lumi-LHC)

Gauge boson interaction with new scalar
(new for scalar, but known for fermions)

Higgs measurements at LHC test new part of SM
Inspired by G Salam LHCP2018 5


https://indico.cern.ch/event/681549/contributions/2837979/attachments/1665001/2668821/LHCP2018-TheoryVision-Salam.pdf

Gauge boson and Yukawa fermion coupling

Yukawa coupling to fermions:

Earlier 7 and 8 TeV results:

Only glimpse at 7 and 8 TeV (2012)
At 7 and 8 TeV Higgs boson discovered. ATLAS/CMS combined H- 17;
Main channels: H - yy,H -ZZ, H - WW 5.56 (5.00) obs (exp) for 7/8 TeV
JHEP 08 (2016) 045

Recent 13 TeV results:

H-WW H-1t
> 2000+ e > [ e e e o e [ e e o [ ]
8 F . _ - Data () 5 : .
S 1800F ATLAS Preliminary S Uncertainty 0] - ATLAS Preliminary EI Batjrzgifogg
E 1600? H—WW*—sevuyv, Niet < 1 = m’v ] B 6 \E=13T9V, 36.1fb_1 — el :
"q;:: 1400F fs=13TeV, 36.1 0" E Mis-1d J "GC_)' B Thadqqad VBF high_pf‘r SR E Other Backgr.
7 = Misidentified 7 ) 3 )
& m 2 2 ~ Usenidt ATLAS-CONF-2018-021

Il Higgs

ATLAS 7/8/13 TeV:
6.4c (5.40) obs (exp)

2
g, 300 e O e g e e e
m(ij = x ATLAS'CONF'2018'004 @)] 3_I T T T | T T T T —
Sl g @ o 5 e -
100f~ st nbent gt s o = .. ...),.1 Example of mass in
C 4 e — H_///» 47 // ] . .
ol = I f| e /////////// Y9 1/13 signal categories

50 ‘1(IJOI i I1éOI ] ‘2(|)0| o I25IO‘ 5 0 50 100 150 200
6 transverse mass m;[GeV] di-tau mass mI;/IzI_VIC [GeV]


http://cdsweb.cern.ch/record/2308392
http://cdsweb.cern.ch/record/2621794
https://link.springer.com/article/10.1007/JHEP08(2016)045

Differential cross-section using gauge boson decays

Higgs decays to gauge bosons used for differential cross-section measurements.

[fo/GeV]
T,41

do/dp

Theory/Data

0.12

0.1

0.08

e 57 ATLAS-CONF-2018-018 -
E B @)
0.04/% &
|| LN E-. >
L i %)
0.02F + + e 2
O ke A2 221D PPN DO IN R cn) e
I
e e RS B e L =i
0.5HE B . ; : : | : LS . . =
0 10 15 20 30 45 60 80 120 200 350 1000

4 lepton channel

- H>Z2Z" > 41

I [ I
[ ATLAS Preliminary 4

T T T T T T T
Data

[ ] Syst. uncertainties

MG5 FxFx K = 1.47, +XH

E 13 TeV, 80 fb1

NNLOPS K =1.1, +XH

w557 XH = VBF+WH+ZH-+ttH+bbH
Total stat. @ syst. uncertainty

p-value NNLOPS = 7.8%
p-value MG5 FxFx = 9.4%

four lepton transverse momentum Py ,, [GeV]

2 photon channel

doyy / dp!” [fb/GeV]

e
1
no

AR ILAY E—

[ ATLAS Preliminary

T T T I T T T T I T T T T
H—yy, Vs =13TeV,
-¢- Data, tot. unc.

80 fb™

Syst. unc

= g99—H default MC + XH 7
n NNLOJET®SCET + XH 1
==+ XH = VBF+VH+{tH+bbH

ATLAS-CONF-2018-028 |

Ratio to default MC + XH

50 100 150 200 250 300 350
di-photon transverse momentump;’ [GeV]

Differential cross-section becoming more and more precise with increasing statistics.
Data well described by recent SM predictions.


https://cds.cern.ch/record/2621479
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-028/

Associated Higgs top quark pair production
Higgs production:

Gluon-gluon fusion (ggF) Associated ttH production (ttH)

2 i | Yukawa coupling:
%} %}, ; ytNV/(mt\/E)Nl

o p T T H | i ,  Large top mass - H_iggs c_oupling IS strong.
2~ Yt A~ Yt Top Yukawa y, coupling is in loop for ggF
_ . (might contain BSM contribution).
g ¢ . but ttH production gives direct constraint on'y,

o(ttH)~ 1% o(H)

Branching fraction: Evidence in December 2017 (36 fb™):

H - bb 58% Channel Significance
H -WW  21% Observed Expected
- 0

H - 1t 6% hlInltilH_mml o =80 Phys.Rev. D 97 (2018) 072003
H — bb 1.4o 1.Go Phys. Rev. D 97 (2018) 072016
H-Z2Z  2.6% H = oy 0.9 | 7,  AXiv1802.04146
H-vy  02% H — 4f — 0.60
For H-WW and H-ZZ Combined 41.2a 3.80

only leptonic decays



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072016
https://arxiv.org/abs/1802.04146

Observation of ttH production . .. ...
June 2018 update: ttH(-yy) and ttH(ZZ - 4l) with 80 fb™*  AJ| channels combined:

— VY- £ 10° grer e e e e
oy 351.2“.*(..7.”;.... ——— §1o7 ATLAS 4 Data
(05) - ¢ Data ATLAS ] o Vs=13 TeV, 36.1 - 80 fb?! B - (u=1.32)
10 303_ -------------- Continuum Background Vs =13 TeV, |80 fb™| - e ffH (u=1)
N - ---- Total Background m,, = 125.09 GeV . []Background
_'c\g 25:_ ——— Signal + Background All categories i
= - In(1+S/B) weighted sum S
2 20f ERrY: T
2 e ‘ 7wk =1t
> - & - =
D10k + + + == 10 _';%
SE ¢ ++ } *++_,E 5 1H:{HHIHH}HH}HH{HH{HH}HH{H}.
:..l....|....|...+.|....¢|....: %g_ ’_‘_l—}—l_'i
110 120 130 140 150 160 5 oL N
Di-photon mass  my, [GeV] = L T P P T T R
-3 25 -2 15 -1 -05 O 0.5
log. (S/B
Analysis Integrated Expected Observed %5
luminosity [fb™!] significance  significance
H — ~y 79.8 3.7 0 4.1 o
H — multilepton 36.1 28 o 41 o
H — bb 36.1 1.6 o 140
H—=ZZ* =4 79.8 1.2 0 0o
Combined (13 TeV) 36.1—79.8 49 o 5.8 o
Combined (7, 8, 13 TeV) 4.5, 20.3, 36.1-79.8 5.1 0 6.3 o

Direct observation of top Higgs coupling.
9 Confirmation of Yukawa coupling to fermions.


https://arxiv.org/abs/1806.00425

ttH production cross-section
June 2018 update: ttH( - yy) and ttH(— ZZ - 4l) with 80 fb™

Inclusive ttH production cross-section
| e

A TLAS

Theory (NLO QCD + NLO EW)

arXiv:1806.00425

$ Combined data

Stat. only

Vs =13TeV, 36.1-/80 fb?
{s= 8TeV,20.3fb"

-
d
-
J
3
>
.
=
>

o
- O
IIIIIIIIIlIIIIlIIIIllIIllllllllIIIIIIIIIIIIIIIIII

| | | I | | | | | | | | | | l | | |

!
6 8 10 12 14 16
s [TeV]

0 I

Already 20% precision !
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Gluon-gluon fusion

ATLAS-CONF-2018-031

", gluon
i"
/

""'

Effective coupling[kx  / Kop

gluon

=1.09+-0.14

Consistent with Higgs boson coupling as in SM.
Constrains BSM contributions.


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/
https://arxiv.org/abs/1806.00425

Associated VH production and H — bb

H - bb highest branching ratio: Br=58% Associated WH or ZH production (VH)

{If Ty, b | _-"'

- Br(H - bb) constrains invisible Higgs decays

— Tests Higgs Yukawa coupling to fermions \f?‘
Analysis with large background: MWW
- Use high-p_ boson region
— Multi-variate analysis in 0, 1 and 2 lepton channels S
— Dijet mass analysis as cross-check _ o _
Example: One input to di-jet mass analysis global fit Di-boson validation analysis VZ(- bb):
m Er 1T 17T ‘ T T T | T T T | T T T 7 | T T T 7 ‘ T T T | T T T | T T 1T
> 2407 T T e g - Data i
3 oooF. ATLAS Preliminany :9?‘; Vbb u=1.08) 5 = 108?14'”-/43 Preliminary +\[Z — Vbb (1=1.20) =
— - \s=13TeV, |80 fb -1 ItZE)iboson = % 107 ;* Vs =13 TeV, 80 fb_l tst et é
> 200:_ 1 lepton, 2 jets, 2 b-tags ﬁ'linlgle top = g . = 0+1+2 leptons Mllr:ﬁ’ijitop =
— =,V ijet — L L —
G 180 py=200Gev — e - 10°E" 243 jets, 2 b-tags . Z =
w160 W ) - s mw =
- —] Uncertainty - 10 = =
140 1 s Pre-fit background —J B .
- = SM VH — Vbb x 1 - 4l o o _]
120 = 10°E .
100 = E
o ERRRL: -
60— - -
40 = 10 <
201 s 1 .
.D' “].5 H | T T T | T T T | T T T | T T T | T T T | T T T ‘ T T T | - :“ 1OE T T T 1T T 1T T 17T | T 17T ‘ T \_I¢IJ 1T T T | LI ‘_E
o | 4 1 = g = -
e o i 3
% ! £ - _+__+_ E = > +++ E
‘C-'U 05 = | L1 1 | 11| | I | 111 | 11 1 | I ‘ | | [ 03- O I I | | I | | I I - | I I - ‘ I | | I | | L1 1 \:'
e 40 60 80 100 120 140 160 180 200 =35 3 25 2 15 -1 05 |oo (S/E%E’
11 Di-b-jet mass my, [GeV] Yo



Observation of H — bb I

Di-jet mass analysis: Main multi-variate analysis:

,_:\ . |A|T|L|A ‘S‘ lP | |I — ‘ — — | - ‘ - | - | - g 1 09 E% T T T | T T 177 | T T 1T | 1T T T | T ; ID‘at\al T T | T T 177 ‘ 17T %E
0 L reliminary —o— Data o C ATLAS Pre||m|nary VH Vbb =1.16 ]

- — = - 8 [ | — (M . )
® 1 2_ =it (g0 iyt Eoboson - : 2 102 =137ev,[g ! Diboson E
— — Utl+<leptions [] Uncertainty — dl .
_@ T 2+3jets, 2 b-tags . L%) 10" = = £ 0+71+2|eptons Sing_l_e top E;
-§ 1 4 ; Weighted by Higgs S/B Dijet mass analysis 7: 106 :5 2+3 Jets, 2 b.fags = ;’luﬂljet E:
- 12 3 = =
9 - . 10° mW —
2 100 - =
S  oF _+_ ] 10* -
o 8- m E
S 6 1 -4 10 E
> 4= a8 = T -
(D L ] E
o 2 * E 10 -
= 0:+_+§§\\_ : ;
e - ] 1 E
% _2__ L1 1 ‘ [ | | ‘ L1 1 | L1 1 | L1 1 ‘ [ | L1 1 | I__ =
5 40 60 80 1 00 1 20 1 40 1 60 1 80 200 :C_E"‘ 5 T T T T T T T | T T T | T T T T T T T T T T T T T T T I_—
Di-b-jet mass m, [GeV] = e L ]
03- I | | 1 _I*_‘ I | | L1 11 | I | ‘ L1 11 | I | ‘ | 3

35 3 25 2 15 -1 05 O 0.5

log, (S/B)
VH alone: 4.96 (4.36) obs (exp) (13 TeV)

Observation of Higgs decay to beauty quarks !

Combined (7,8,13 TeV) VBF, ttH, VH:
5.4 (5.506) obs (exp)

12



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-036/

Higgs coupling measurements

Interaction with gauge bosons:

Key feature:
Higgs coupling depends on the particle mass

H-2ZZ

Well established in run-1

H -WW

ATLAS-CONF-2018-018

ATLAS-CONF-2018-004

6.3 (5.2) ¢ obs (exp) (run-2 only)

(n >|> _IIII| T T IIIIII| T T IIIIIII T T lIIIII| T i
s & iminary 80 fb™®
9 M> 1 ATLAS Preliminary . e
8 - {s=13TeV, 36.1-79.8fb" ..""t =
5 5 [ m,=125.09GeV, |y, | <25 W ]
2 Eu_|> 1 0—1 = SM Higgs boson =
LL - -
Qo ¢ - i a
£ L W ]
(@] C . .
- L i
> - ]
= -3 _
S,
o) CL ]
8 p i ATLAS-CONF-2018-031
> 107°F | . New VH(~ bb) notincluded 3
c) CLill 1 I 1 | 1 . 1
T 107 1 10 10°

Particle mass [GeV]

All couplings to high mass particles measured.
Next challenge: muon, charm-quark...

+ detailed cross-section measurements !
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Yukawa coupling to fermions:

Top-quark: ttH
6.36 (5.10) obs (exp)

Beauty-quark H — bb:
5.46 (5.56) obs (exp)

Tau-lepton: H- 1t
6.46 (5.40) obs (exp)

Muon H - upu:
c /o, <2.1(obs)

limit

Charm-quark: H - cc:
c /o <104 (obs)

limit

80 fb™

arXiv:1806.00425

80 fb™

ATLAS-CONF-2018-036

ATLAS-CONF-2018-021

80 fb*

ATLAS-CONF-2018-026

PRL 120 (2018) 211802



http://cdsweb.cern.ch/record/2308392/files/ATLAS-CONF-2018-004.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/
https://arxiv.org/abs/1806.00425
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.211802
http://cdsweb.cern.ch/record/2621794
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-036/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-026/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/

Higgs production modes

Associated WH or ZH production (VH) Vector-boson fusion (VBF) Associated ttH production (ttH)

i q q
iq i \/ %

)

q “H q g’

i
o

IIl|I[IIIIlllllllllllllllllllllI||IIII|III

ATLAS Preliminary Total Y Gluon-gluon fusion (ggF) observed since 2012

s=13TeV, 36.1-|80 fb™* and used for precision measurements (~10%).
M= 125.09 GeV, Iy, | < 2.5 ATLAS-CONF-2018-031

Total Stat. Syst.

CERTr
9" = o ( i ) VH 5.30 (4.80) obs (exp) | ATLAS-CONF-2018-036
d -t e e e VBF 6.56 (5.36) 0bs (exp) |ATLAS-CONF-2018-031
WH e 157+ 3% (+ 07+ 9% ttH 6.30 (5.10) obs (exp) | arxiv:1806.00425

ZH - —— 074+ 585 (£ 052 % 0% )

ttH + tH H==H 1224 02 (07 3 0% )

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

=0 705 1 15 2 55 3 35 4  Observed all major Higgs production modes !
Cross-section normalized to SM value Consistent with SM.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-036/
https://arxiv.org/abs/1806.00425
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/

SM Di-Higgs production

Production processes:

g

t/h

g
bbt*t
[CERN-EP-2018-164]
bbbb
[arXiv:1804.06174]
bbyy
[CERN-EP-2018-130]
W+W_’*{*{

[CERN-EP-2018-104]

15

- —————— - h B . N
Y tjb --i ’
h- \‘\.\'
e g o |
ATLAS Preliminary S oo
[o — -1 I Expected + 1o
(s=13TeV, 27.5-36.1 b Expocad 1
Gy (PP — HH)=3341f  [Phys. Rev. Lett. 117 (2016) 012001]
[Phys. Rev. Lett. 117 (2016) 079901] (Err)
§ obs. exp.
i o 12.7 14.8
§ 00 130 207
i © 22 28
, o 230 160
Ll Ll L1l L1l Ll N AT
1 10 107 10° 10* 10°

95% C.L. upper limit on ¢ (pp — HH) normalized to Cers

Di-Higgs production process is
direct probe of SM trilinear coupling.

Strong destructive interference
between processes.

Actively working on new techniques
with increased sensitivity.

Considerably improved
HH — bb tt result.

Limit approaching:

o /o ~10

limit ~ SM




Observation of same-sign WWj;

Higgs boson needed to restore unitarity of the WW scattering cross-section.
— Higgs boson leads to strong suppression via gauge cancellation of individual EW diagrams.

— Part of electroweak symmetry breaking studies.

jet
pp -~ W W* jet jet process:
-Large electroweak cross-section fraction (¢_ /o __ ). wa W

EW QCD
and a strong background suppression.
We w
jet
I I I I I T T I 1 | I I T I l T I I T I I I I I
£ | ATLAS Preliminary —+— Data_ -
S \s=13TeV, 36.1 b LRI —
0 g0k Non_plrlompt - Significance:
BEEE /Y conversions 6.90 (4.60) obs (exp)
E W2 |
Other prompt
44444 Total uncertainty
40 = _ _
Fiducial cross-
" %% 7 org = 2,917 (stat.) + 0.27(syst) fb
20— A oSheree —2.017033 fp
! ooy "8 =3.087), b

500 1000 1500 2000 2500 3000

16 Di-jet mass m, [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-030

WZ and WZjj production

Electroweak production of WZ boson in association with two jets pp - W"Z jet jet

it m
q q

q

Process sensitive to triple and quartic w o
gauge couplings and anomalous couplings. w=

Wt

Z

>E<

Differential EW cross-section: q q
— B q qd
% 102 ATLAS Preliminary \s=13TeV, 36.1 fb" | H'C,;,
O je)
Q TLAS-CONF-2018-033 @ Data =
) -  Sheipa o) | 2 5.60 (3.30) obs (exp) ATLAS-CONF-2018-033
= B T RS R T e WZji-EW x 1.77 ]

e WZjj-QCD x 0.6 ]| . . .

f e . i Observation of electroweak W/Z jet+jet process.
Cb : —]
CR | men i

I Total fiducial WZ jet jet cross section:
I 10 c_.(pp - W*Z jet jet)= 0.57 +-0.15 fb
LO (Sherpa): 0.32 +-0.03 fb

I

~W¥Zjj — £’ v 7 j
1 ! L L | | I

Also new result on inclusive WZ production:

N

II1||IIII|I

1) Fiducial cross-section in agreement with NNLO QCD
(inclusive and differential)

_ R s A e % _________ - 2) Evidence of longitudinally W polarization (4.2c)

—

Ratio to Sherpa
o

=
o

e o e e 3) Measurement of Z polarization
800 1000 1500 001 ) P ATLAS-CONF-2018-034

17 Di-jet mass m; [GeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-033
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-033
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-034/

Measurements of electroweak parameters

Measurement of electroweak mixing angle:

Drell-Yan cross-section qq— Z - |l expanded as sum of 9 harmonic polynomials (NNLO QCD).
A, (and A ) sensitive to weak mixing angle

In LO QCD (Z-boson rest frame):

do 3 doV+E

dyf dmt€ dcose  16x dytt dmt¢

{[l +cos’ 6) +[A4 COS H}.

/

A, measured using two leptons |1|<2.4 (cc)

and at least one forward electron 2.5<|n|<4.6 (cf).
Using 8 TeV data (2012).

Result from likelihood fit:

sin®6,,-0.23140+0.00036

Uncertainty break-down:

0.00021 (stat)+0.00024 (PDF )+0.00016 ( syst )
Main limitation knowledge initial quark direction.

Other recent electroweak measurements:

LEP-1 and SLD: Z-pole
LEP-1 and SLD: Ajy
SLD: A,

Tevatron

LHCb: 748 TeV
CMS: 8 TeV
ATLAS: 7 TeV
ATLAS: SCcotHM
ATLAS: ee.

ATLAS: 8 TeV

Precision:

W-mass: 80370 +-
Higgs mass: 124970 +- 240 MeV arXiv:1806.00242
Top-mass:

19 MeV EPJ C78(2018) 110

172510 +- 500 MeV ATLAS-CONF-2017-071

~0.02%
~0.2%
~0.3%

ATLAS Prelimina

ATLAS-CONF-2018-037

ry

——

O

—a—

v 2n/
sin Oeﬁ

0.15% precision

0232
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https://link.springer.com/article/10.1140/epjc/s10052-017-5475-4
https://arxiv.org/pdf/1806.00242.pdf
https://cds.cern.ch/record/2285809
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037/

Spin correlation in top pair events

Spin correlation for pp—tt—e u b b measured between the top decay products and a spin axis.
Ad(ep) is a sensitive variable.

Normalised cross-section

19

Example inclusive result:

1.6

1.4

1.2

1

ATLAS Preliminary

/s =13 TeV 361 fp' NO spin correlations

ATLAS-CONF-2018-027 \

E

0.8 — Powheg
- Powheg (C = 0)
- -=-MCFM (nlio)
06 NLOOQCD ¢ Data
- === Fit result
04_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
"0 01 020304050607 08009

and

1

Parton level Ao(I",I)/x [rad/x]

Similar results for fiducial particle-level

comparisons of ME generators.

Template fit on AP(ep):
- f, fraction of expected cross-section
under the SM spin hypothesis

- No spin correlation template:
top decay with spin correlation disabled

Stronger spin correlations observed
than expected by NLO QCD.

Fit result: f=1.250+-0.026+-0.063
3.2¢ discrepancy with NLO QCD

ATLAS-CONF-2018-027

Previous analyses also measured
stronger spin correlations
(with large uncertainties).


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-027/

Search for new electro-weak boson

Very active search program (SUSY, dark matter, new Higgs models...)
In total, 62 search papers submitted (36 fb™). 8 new preliminary new physics searches with 80 fb™.

New electro-weak gauge boson (W') in context of sequential SM benchmark model.

5_2 T T T 1] T T I T L] T T T =]
© 10° ATLAS Preliminary — W' (3TeV) o Data il
L \s=13TeV,|80 fb| —W (4Tev) E¥V o
5 : - — W' (5TeV) op quark 7|
10 W’ — uv selection —Vi =
- [JDiboson 7 ATLAS-CONF-2018-017
Y JMultijet 5 Assuming SM coupling:
10°E - Masses below excluded at 95%CL.:
F 3 5.6 TeV (80 fb™)
10 = 5.2TeV (36 fb?') arXiv:1706.04786
10 =
= o -
= —, 3 — Need new techniques
107 to increase further sensitivity.
o 1.4
I
~ '-
& 0.8
0 06
2 _ 1.4f
& £ 1.2
ERZI:
w 2 0.8F
S ~ 0.6k i s [T i

1 I 1 1
1000 2000 3000
Transverse mass [GeV]

N
o


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-017/
https://arxiv.org/pdf/1706.04786.pdf

High-mass Di-jet event from WW production

At high p, jets from the W - qq decay are close-by and merge in a large-R jet.

Boosted W - jet jet candidate

B

,,,,,-"' <
- . . (gﬁ"‘"
Boosted W - jet jet candidatez#*"

Many techniques developed
to reconstruct boosted particles.

W-boson tagging based on
large-R jet substructure.

New experimental technique: M(JJ)=5.0 TeV

Energies from calorimeter clusters, Run: 307601 T LAS
but angles from tracks. Event: 2054422947
2016-09-01 16:52:46 CEST EXPERIMENT
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Di-boson resonance search

Select large p, and large radius jet
with boosted W-tag

Di-jet mass spectrum:

10*

Recent improvements:

-W-boson tagging using angles from tracker

and energies from calorimeter

-Tagger working point optimization at high p,

Cross-section limit:

e L S el i "T1§
E’ 3§ATLASPreIiminary g Dala S LY AR N
-~ 10°E {s-93Tev, = mF i - ATLASPreliminary VV - qqqq ]
S el 801b~| . Fi.BukRSm=15TeV(x10) J ¥ [ 1s=13TeV ]
£ - ~-Fit+BukRSm=26TeV (x10) 3 3 40 --.Phys. Lett. B777(2018) 91 (36.7 ') =
o 10F = = \ ---- Phys. Lett. B 777 (2018) 91 (Scaled to 79.8 b ]
w E 11 . . o i — Current Result (79.8 tb™) .
1E o o | = e i
- ~dl 2 10E\" =
107! E — - ]
= WW+ZZ SR 1 X F ON\Umn -
107 = x%/DOF =5.9/8 - 7 T NG gl s il 1
- = PR i e T E
10—3 - : e : 2 l I | g E ........................... -E-
8 [ : ' : i o) - 7
% 2:_ .............................................................................................................................................. _: 1_ I l I I I l I ,k
e ] 1 BE 0" 45 2 25 3 35 4 45 5
c B ] ]
_UQJ') _2:_ .............................................................................................................................................. - New boson mass m(V) [TeV]
15 2 AL g 3.5 4 4.5 3
ATLAS-CONF-2018-016 Dijet mass my;[TeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-016/

Active SUSY search program

28 publications on SUSY searches with 2015-2016 data (36 fb™).
ATLAS SUSY Searches* - 95% CL Lower Limits ~ ATLAS Preliminary

July 2018 Vs=7,8,13TeV
Model e Ty Jets ET™ [ranm™] Mass limit Vs=7,8TeV  Vs=13TeV
=0 % ~ =0,
44, G- 0 2-6jets  Yes 361 |lGINPXIEXIDEGE] 0.9 1.55 m(¥})<100 GeV
o5 mono-jet  1-3jets  Yes  36.1 |ig [ix;8xDegeni] 0.43 m(g)-m(¥})=5GeV ‘ O [ ' | p re S S e d S p e Ct r u m
Q i
5 22, ;:—)qz]i(f 0 2-6jets  Yes 36.1 g m(,\‘/zkgog GeV
= z m(7%)=900 GeV q k d g y .
@
& s zoaeont Seu  4jets - 361 |E . <00 GV squar egeneracy.
o ee, iy 2jets Yes 36.1 4 1.2 m(g)-m(¥y _ k O OO G V
% 8, §-qqW2Z¥} 0 7-11jets  Yes 361 z 1.8 m(ﬂ‘) <400 GeV Sq U ar S (5 e )
3 3eu 4 jets - 36.1 z 0.98 m(g)-m(¥})=200 GeV .
S 0 = 0
= Y 0-1e,u 3b Yes 361 |z 2.0 0 | g I O (l T V)
3eu 4 jets : 36.1 4 1.25 m(z)-m(¥1)=300 GeV u I n O S e
biby, by—b¥) bt mu:ﬁp}e 361 |5 Forbidden 0.9 . m(¥1)=300 GeV, BR(:))=1
ultiple 36.1 by Forbidden 0.58-0.82 m(¥})=300 GeV, BR(b{|)=BR(tX')=0.5 H
Multe %1 | Forbigden [0 0.7 (E)-200GeV, (i 12800 G, BATT o1 Longer de cay C hain
o e DibLhii, My =2xM, Multiple 361 | 0.7 m(¥)=60 GeV . .
more realistic models:
3,)% B, Ao WBE or ) 0-2e,u 02jetsi1-2b Yes 361 | 1.0 m(F)=1GeV
S #f, HLSP Multiple 36.1 I 0.4-0.9 m(¥})=150 GeV, m(¥;)-m(¥})=5 GeV, 7 b tt m O 7 OO G V
. 5 hnh, 4 4 X [, mX¥y X1 W R —
g,) % Multiple 361 |4 Forbidden 0.6-0.8 m(¥})=300 GeV, m(¥})-m(¥})=5 GeV, 7, S O O e
3 %’ 171, Well-Tempered LSP Multiple 36.1 7 0.48-0.84 e |
o ol P - 4
iy, ooty /68, eoek) 0 2c Yes 361 |& 0.85 m(¥1)=0GeV StO p O (7 OO G eV)
i 7 0.46 m(#,&)-m(¥})=50 GeV
0 mono-jet  Yes 36.1 A 0.43 m(7, ,&)-m(¥})=5 GeV
ofy, hof +h 1-2¢,u 4b Yes  36.1 b 0.32-0.88 m(E))=0 GeV, m(7,)-m(¥})= 180 GeV
=0 L S0 =0
XX, via Wz 2-3ep s Yes 361 |G 0.6 m(¥))=0 L t d .
ee. it 21 Yes 361 |wE 047 mE)-m(E)=10 GeV oW ra e, con Ipresse .
YR via Wh L0/CyyIthb - Yes 203 |#EE 0.26 iig)=0 .
5 Vi RS, Vo), Bt 27 5 Yes 361 | X% 0.76 L, m@)=0m, Wl n OS O (~ 1 00 G eV)
E 9 bl 0.22 mEE)-m(P)=100 GeV, m(z,
- PR i
Brlig, IR’ 2e,p 0 Yes 361 |z 05 I t O ~ 1 00 G V
2eu > Yes 36.1 7 0.18 S e Ons e
HH, H—hG|ZG 0 >3b Yes 36.1 i 0.13-0.23 0.29-0.88 H H
son 0 e %1 | B — higgsino O(~100 GeV)
Direct ¥1X; prod., long-lived X7 Disapp. trk 1 jet Yes  36.1 )?I Pure Wino
Ba 0415, Pure Higgsino
$ % Stable g R-hadron SMP H S 3.2 z 1.6
2%  Metastable 7 R-hadron, 3->qgf} Multiple 328 |[ENE@=T00fsI02E] 16 2.4 mE)=100 GeV
S 2 GMSB, -G, long-lived ¥ 2y - Yes 203 | @ 0.44 1<r()<3 ns, SPS8 model
88, K- eev/euv/ppy displ. ee/ep/up - - 203 |% 1.3 - <et(¥))< 1000 mm, m(¥})=1 TeV/ . .
T e T -y — Complexity, long-lived:
YEVT X9 — wwyzeeetry 4o 0 Yes 361 |BGINSEONAENEG] 0.82 1.33 m(¥})=100 __ .
o & 0 =0 H e = 7’
23, 5-qa%, B > qqq 0 4-5large-Rjets - 36.1 2z [m(¥})=200 GeV, 1100 GeV] il 1.9 Large A7), g I O(l T V)
> Multiple 361 | & [,=2e4,2e5] 1.05 2 (2)=200 GeV, bino-like uinos e
O g3, ths | gotil), &) > ths Multiple 361 |ERRgEE2 il 2.1 m(¥})=200 GeV, bino ke —|—— Sto O 500 ( ;ev
7, o tl), XY — ths Multiple 36.1 2 [1,=2e-4,1e2] 0.55 < 1.05 m(¥})=200 GeV, bino-lke p
iy, ij—bs 0 2jets+2b - 36.7 7 [qq. bs] 0.42 0.61
iy, fi—bl 2e,pu 2b L 36.1 @ 0.4-1.45 BR(f, —be/bu)>20%
“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.

23 Simplified signatures covered to high masses, but plenty of low mass unexplored model space.



Heavy lon Data-set

System Year(s) Vsyy (TeV) L,
2010-2011 2.76 ~T75 pb-!
Pb-Pb 2015 5.02 ~250 pb"
by end of 2018 5.02 ~1 nb
Xe-Xe 2017 5.44 ~0.3 b
2013 5.02 ~15 nb-"
p-Pb
2016 502,816  ~3nb, ~25 nb-!
09,276, ~200 ub-', ~100 nb-",
2009-2013 7.8 ~15 gb-t ~2.5 pb-!
PP 2015,2017 5.02 ~1.3 pb-!
2015-2017 13 ~25 pb-!

Pb-Pb 5.02 TeV

Special data-sets:
p-p, Xe-Xe, p-Pb, Pb-Pb collisions.

6h Xe-Xe runin 2017

Significant increase in luminosity to study rare processes more and more precisely.
LHC scheduled: 3.5 week of Pb-Pb collision in November 2018.
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‘ﬁ* ALICE ® pp, \s=13TeV
B O pp,\s=7TeV O Pb-Pb,\s,, =5.02TeV
O p-Pb,\s,,=502TeV M Xe-Xe,\s,, =544 TeV
10—3 III| 1 1 | I |III| ||II|
10 10° 10° 10*
N
<d chjd n>|n|< 0.5

Strange particle yields in pp, Xe-Xe, Pb-Pb

Alice detector with impressive particle-ID capabilities

Smooth evolution of charged
particle multiplicities from
small (pp),

medium (Xe-Xe)

to large (Pb-Pb) systems.

Increasing strange particle
production with multiplicity
until plateau is reached.

Confirmed by recent
Xe-Xe data.
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. Anisotropic flow in Xe-Xe collisions
HLIICE Tt Azimuthal anisotropy:

) Vo{2,1An| > 1} ALICE Xe-Xe Sy = 5.44 TeV
® v,{2,An| > 2} 0.2 < p_<3.0GeV/c
- [:] V2{4} 1 ]
W v,{4,3 sub-event} ml <0.8 - ;"I
1 o V,{6) = & 7
L dh V2{8} P @ ® 9 | g
O va{2,)An| > 1} et
L e 2ino2 e Elliptic flow i
| O vai2,jan| > 1) (B, (MO II& [_+ .
3 ® (s i —_— 4
005~ @ [ AN (p...) * |
e Triangular flow d—; < 1+2v, GOS(??-TPI)+@DOS(2[¢—%])+--
i I%%] ® b & ® » a8 )
- i Elliptic flow: v2 (initial density profile)
o e = o Q ® ] Triangular flow: v3 (viscosity)
e L (due to nucleons fluctuations in nuclei)
T s smmmsas e { Bl
o8 o + o o+ —
= 5
e e + ALICE - _ _
R —V-USPHYDRO: v,{4}/v2y ] Models tuned in Pb-Pb data agree with Xe-Xe
S arXiv:1805.01832 -~ T,ENTo p=0: ,{4}/e,{2} ]
>NO4 —l 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I_ . . R
0 10 20 30 40 50 60 70 Good understanding of initial
i Centrality (%) density and viscosity in nucleus-
Central: nucleus collision.
Head-on: Peripheral:
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https://arxiv.org/abs/1805.01832

Elliptic flow: | arxiv:1804.09083
g 0.3 LI ISIUI_I‘?)IGL/; 'IPItJI_ IPIb |Il IISI I |='|5| I'Ol2 |1—Ie|\} LI | i | LI | LI B | LI | I_
2 [ AR ALICE i
g lv|<0.8
L & e D’ D', D" average ]
i 0.2 [_] Syst. from data =]
& [ Syst. from B feed-down 7
0.1—m- _
5 S
_f:fi it
O — i ——— ——— =
T PHSD =imui LBT 2
- ——  POWLANG HTL BAMPS el.+rad. —
= T MC@sHQ+EPOS2 mmnn. BAMPS el -
_I 11 | 11 1 | L4 | 11 | L1 | | 11 1 | L1 | | L1 1 | L1 | | 1 1 | L1 | | 11 1 |_
0 2 4 6 8 10 12 14 16 18 20 22 24
P, (GeV/c)
anN\(p.,.p)
d—; «1+2v cos(p—y,)+ ®os(2[tp -y, D+ ...

27

D-meson suppression in Pb-Pb collisions

Charged particle spectra:

2.2 T T T T | ]
ALICE ]
2r 0-10% Pb-Pb, |s,,, = 5.02 TeV
1.8- V<t =
BAMPS &l +rad. ]
1 B = 00 ey BAMPS el. i
R vAverage D% DY Pt omm RORLANGHIL
1,45, e ]
- -« TAMU ]
1 2_ ,\ MC@sHQ+EPOS2 by
> X&\ """ Fisinasirs o ossmadooaros 13
U 8_ _.? -.- . \Upen markers: pp pT-Extrapnlatec reference 1
2 e St E
065 ” NX . :
04 Z‘-’E%‘-L i e
= Y, g '1&_...3,. T S ]
0.2 )fd;%};:ilﬁg?wu “f::::' - -
1 10
P, (GeV/c)

Less elliptic flow at high-pt. Strong charged particle suppression at high pt.
— constrains charm transport in dense nucleonic environment.



Baryon to Meson ratio in pp and p-Pb collisions

Baryon-to-meson ratio
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Proton-proton

Proton-Pb

DE T T 1 |' T T ] L LI | T L T I L T I T T T I I ! | ! T ! T |' I I T I '| I ! T
g 5. =7TeV ALICE Preliminary T
i PP: Y S p—Pb, | 5, = 5.02 TeV -
Iyl < 0.5 3
. 096<y _<0.04 i
0.6 —— a;mﬂ”, arXiv:1712.09581 —— AD° ]
- —o— AKg, PRL 111 (2013) 222301 e MKE__ PLB 760 (2016) 720 .
s —e— p/m, PLB 760 (2016) 720 —e— p/n, PLB 728 (2014) 25-38 -

p. (GeV/c)

0.2 ; i =
: o —¢ ¢ — ¢ g
D 11 1 | I. L1 1 | ] L1 I | | — I L1 | I 1 1 1 1 |. | 1 1 1 | 1 1 1
5 10 15 20 10 15 20

Clear increase in A /D-meson towards pt ~ 3 GeV (similar to A/Kaon and p/pi).

This specific effect in baryon formation is difficult to describe with pQCD+fragmentation.

http://aliceinfo.cern.ch/Figure/node/13827


http://aliceinfo.cern.ch/Figure/node/13827

Parton energy loss in jets

ALICE
Soft-drop jet substructure grooming:

e.g.: declustering: “peel apart” the shower

1 ' 4 103:' rprreTerTTrrTerrT Ty rryrerrprrrerrreryrrT 4|
3 ] = ALICE Preliminar 3
(Soft Drop) = 0.9t ] - PO Yous e 276 T8V y E
__<// b ] B Anti-k, charged jets, B = 0.4 T
— So % 1 o 10 80 < i, < 120 Gevic =
- o® 07 : M = SoftDrop z,, =018 =0 3
< 0 E- g u AR=02 o Data ]
= T LT .
y = mln(p_]_11,p_]_!2) s> 01 E :_ 2 - 1DE_ —SHapE Uncertalnt‘f -
g _ g 0 0.5; = = PYTHIA Embedded 3
PL1+pPL2 9 t & E S 3
8o 04 > - ]
'y 3.2 0 3:._ — 1 === —
sensitive to coherence of energy loss = 0% - = ' E
0.2k C — .
| ot : ————
incoherent coherent T 107'E —1:—-!
O : O = | L | ] [PPSR ::
luon . E 1 2" E 155_ —i
’ M ‘EB 1: * ‘Ea 1 = E
__parion’ o 4 e 2 ———— E
g o I o5 ——y -
e N - 6050701502 05503 03504 04505
‘ unselected Z,

Result shown for dR>0.2: suppression of symmetric splittings.
Soft drop mass also used by ATLAS and CMS to characterize internal jet substructure.
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Conclusions
ATLAS 13 TeV data analysis is in full swing. 13 results with 80 fb™* (2015-2017 data).

Important new Higgs physics results:

- H-bb observation. Main Higgs decays are now observed.

- Direct observation of Higgs coupling to top quark (via ttH).
— Yukawa coupling to fermions confirmed (ttH, H - bb, H - 1)

- VH production observed. All major Higgs production modes observed.

Observation of electro-weak processes with dominant vector boson scattering:
Same-sign WWjj and WZjj production.
— Important test of SM electro-weak sector.

New electro-weak mixing angle measurement with precision of 0.15%.
Top pairs: Indication for stronger top spin correlation than expected by NLO QCD.

Extensive and active search program for full run-2 (>150 fb™* achievable).
New directions looking at more refined signatures.

ALICE:
Heavy-ion collisions: understanding the properties of QCD matter:
- Azimuthal anisotropies: Xe-Xe results confirm understanding of expanding QGP, viscosity
- Charm, jets probe the QGP with partons:
Quantitative understanding of charm transport and QCD bremsstrahlung progressing.
30
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WZ cross-section and polarization

Electroweak production of WZ boson pp - W"Z:

q W:l:
Total fiducial cross section:
c_,WZ)=637+29fb
W NNLO (Matrix): 61.5 +- 1.4 fb
q Z
Polarization measurement: — good agreement inclusive
o 0.6 T and differential cross-sections
i - ATLAS Preliminary -
- 1s=13TeV, 36.1 b ® Data 1 .
& 051 o Powheg+Pythia 7 N WZ production:
= - ATLAS-CONF-2018-034 ] _ . L
N - = MATRIX 1 1) Evidence of longitudinally W polarization (f))
g 04r T — Touncertainty 3 5y peasurement of Z polarization
o - - 2 o uncertainty
T - ‘ ]
% 0.3 ; ]
2 A 1 Longitudinal W-polarisation:
S 0.2 ~" -
3 fy = 0265006 ] 4.26 (3.80) obs (exp) ATLAS-CONF-2018-034
0.1 .
- W* polarisation in W*Z 4 Compatible with NLO QCD and LO EW (Powheg)
O [ | | | | | | | | | | | | | | | | | | 1 I | | | | | | I—

-0.2 0.1 0 0.1 0.2 0.3

Transverse left/right polarization fL' fR 32


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-034/

Alice detector with impressive particle-ID capabilities.

Identified particle spectra in Pb-

Pb collisions

Particle spectra: pions, kaons, protons, Phis, Omegas, deuterons...

ALICE Preliminary Pb-Pb {5 = 5.02 TeV
= lv] < 0.5
! ! — 000X — 1020 k2"
l""‘-..' AWx2? 040 20
=)
- NE%x2 080 2
-
Tt a0k
L ]
—_,
.
= D
-l-_._.- ‘
o ’
=
.
——
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1

Examples:
L‘OFL— (')'5/ T T ' -~ 107 0 T TIT] AN E
[ = - B ) E & = ] _
@ i By o o [3)] £ S E
O . Fo=05%x2"  FH510%x2 o] F [e 05%x2  e510%x2 } c
= 108 10-20% x 2 20:30% x 2° ] D sl 10-20% x o N
= U 30-40% x 2° asex2 30— 107 30-40% x 2° 40-50% x 2 Q 1g
S 50-60%x2° 9 B0-70% x 2° o= F 50-60%x2° #160-70%x2 ] &
~10°F 'y e 70-80%x2"  [eB0-90% 104 o 70-80%x2  e]80-90% (D i\
Q B 508 s 1 g N <y o~ 10
B2 103; o::. ALICE Preliminary 7 o 103: "o ALICE Preliminary - __ E
= 5 ‘2' Pb-Pb |5, =5.02 TeV 3 = o Pb-Pb | s,, =502 TeV - ool
e e v i 10°g
o 102:_ ol o 21 =™ o Q-.. E
P or® E 10 i g = -O E
E 4 :. 1] g E '-.-* 3 —3 i
10\ e, 3 101N e 2 10CF
: = E - - O E
N\ T T\ ‘e { T i
E E £ e, 8, . SEN = 1 2 10 E
107" 1 ", £
10 E . - 5
; oo F o Qb 107g
_IO‘, . = 10—2!:_ ~.~-. : - g E
- . " = :—_ L 2 . . } —
103 80 90% .' .. = T 3L 3 e O - 0 10_6_F
5 8090%»1-.--_3 k;
D : Uncertainties: stat. (bars), sys. (boxes) ] 10 !__Uncertalnues stat. (bars). sys. (boxes) —_ - 10 0
105 Ll s A e 1 L : 10—5._.I....l|Jl..LI.l.......:._
0 2 4 6 8 10 . jﬁ 0 2 4 6 8 10 12 ALl
evi/c
ALI-PREL-121407 Py lfevic) ALI-PREL-121419 p; (GeVic)

Increase in mean pt with centrality.
Centrality: 0-5% head-on nucleus collision (many nucleons) (central)
80-90% nucleon-nucleon collision peripheral
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Hyper-triton lifetime

ALICE Hyper-triton: Hyper-nucleus formed by proton, neutron and Lambda

3 H: pnA bound state

3 3 - . . . .
AH =2 3He +n One of the most precise Hyper-triton lifetime measurements
%’ 450 |- ] ALICE Preliminary g 500F
— ata " mum
2 F | Pb-Pb {5, = 5.02 TeV by R. E. Phillips and J. Schneps Free A (PDG)
45,400 |- Fit 0-90%. |y| < 0.8 = [ PR 180 (1969) 1307 3 World A
5350 - N\ sidebands 34, OHe 4 - 6 400F G. Keyes et al. B A~ ondiverage
2™t ;ﬁﬁ —— = i PRD 1 (1970) 66
o 300 - A ' c | STAR Collaboration ~ ALICE Collaboration ELICE Preliminary
w=mE Significance (30) = 8.42 je i Science PLB 754 (2016)360 Pb-Pb {5,=5.02 Te
250 o] g 300¢ 328 (2010)58 Pb-Pb {5mi=2.76 TeV
E ‘ ‘ o- i mjIimIIm L NN BRN _RER _RER BE/ RER BER BN L _BRN _NENR _RID _RON NEN BEN RNEN NEN BEN _NBN REN §i L BER _RER RER NNJ -
200 F - NN £ !
- 200 : -
150 - N i G. Keyes et al.
- [ NPB 67(1973)269
100 - - HypHI Collaboration STAR Cotiaborai
sof 100 G. Bohm et al, NPA 913(2013)170 oo /cC (2%133)0624839
. [ [ NPB 16 (1970) 46
:Ik Lol L., .& \ liass LR. J. Prem and P. H. Steinberg
897 2.975 2.98 2.985 2.99 2.995 3 3.005 3.01 3.015 3. o LLPR 136 (1964) B1503
e, + Mo . (GeV/c?)

Live time agrees with the free lambda live time (expected since hyper-triton is loosely bound).

Resolution of hyper-triton live time puzzle.

Heavy ion collisions as a laboratory for strange/exotic nuclei.
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Tests of advanced tt — WW bb calculation

Wt and tt processes have same final state at NLO QCI |AWWbb|2 ~ |A(Wtb) |2 + |«4(tt) |2

g Wt +2R{ AW A0
t
b % [ T T T T |~*I T T T [ T T T T | T T T . T I 5
tt t M 102 oo 2o | Data, stat. uncertainty .
W - - []Full uncertainty =
T - i e Powheg+Pythia8 :
g L ; £ g * I'vivbb :
BlEsqg3L # fl+tW (DR) i
N = & ¢ tt+tW (DS) 5
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t 1051 . v =
= ’u* —
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10°E pp — I"bb+X E
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(narrow width approximation) s 2r ' ‘ ' T
Systematic handled ttbar/Wt interference & s : § x
- = [ - 300 30 SO P ge K o m ﬁ.* ....................... T o 5 it
DR: tt removed at amplitude level 8 | auommane DI i T e o l*
DS: tt removed at cross-section level = ot . . ; s
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New calculation p p* WWbb Lepton b-jet mass ol [GeV]
(full matrix element)
myMM = min{max(mp, ¢,, Mpyz, ), MAX(Mpy 55 Mpyr, ) }
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Top final state modeling progress

Since several years ATLAS has measured
fiducial cross-sections defined using the

particles entering the detector.
Indispensable for the tuning of

modern ME(2->n)+PS MC simulations.

Shi = | | | =
L - Data ——
EE Fary Bun2 ==
i Improved Run 2 == |
- ATLAS Preliminary -
- J/8=13TeV, 321" b
102 —
- | | | =
g 14— | | | —
a] = =
0 1.2 = —— .
I | —
= 1E * % - il -
- [r— _]
0.8 = c
06 | | | I I

0 1 2 3 >4
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Number of additional jets
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tt+bb cross-section

¢ Data

—— Powheg+Pythia8

L I T
. ATLAS Preliminary
[ Vs=13TeV, 36.1 fb”

ATLAS-CONF-2018-029 |

—— MG5_aMC@NLO+Pythia8

-..=. Powheg+Herwig7
Sherpa 2.2 tt

Syst.
Stat.

I "
eu channel j

22 b-jets |

E— Powhleg+Pythia8

I

F — MG5_aMC@NLO+Pythias
E | !

2

3

Total ttbb cross-section ~50% off,
but shapes ~ok after tuning efforts.


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-029/

ttbb cross-section measurement

Generator Process Matching Tune Use
Pownec-Box v2 + Pyruia 8.210 it NLO Powheg hgymp=1.5m;  Al4 nom.
MapGraru5_aMC@NLO + Pytaia 8210 f+V/H NLO MC@NLO Al4 nom.
Pownec-Box v2 + Pyraia 8.210 RadLo it NLO Powheg hgamp=1.5 m;  Al4Var3cDown  syst.
Pownec-Box v2 + Pyruia 8.210 RadHi it NLO Powheg hgymp=3.0m;  Al4Var3cUp syst.
Pownec-Box v2 + Herwic 7.01 it NLO Powheg hgamp=1.5m; HTUE syst.
Suerpa 2.2.1 it +1jet NLO +3 jets LO  MC@NLO SHERPA syst.
Suerpa 2.2.1 ttbb NLO NLO tibb SHERPA comp.
MapGraru3_aMC@NLO + Pyruia 8.210 1 NLO MC@NLO Al4 comp.
PowHEL + PyTHia 8.210 itbb NLO NLO ribb Al4 comp.
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* Spin correlation in top pair events

ATLAS-CONF-2018-027

T
2
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PowHEG + PytHia8 (2.0 up. 2.0 ug)
PowHeG + PytHia8 (0.5 up. 0.5 ug)
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PowHEG + PyTHIA 8 RadLo tune
PowHEG + HERWIGT

MapGrapud aMC@NLO + PytHiAS
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Table 3: Summary of the extracted spin correl
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-027/

Measurements overview

Standard Model Total Production Cross Section Measurements staws e 2018
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Measurements of weak mixing angle

Polarized Drell-Yann cross-section pp —Z -l can be expanded as sum of 9 harmonic polynomials

Z-boson CM frame s ~N A non-zero in LO
dor 30 doUth : 4
- unpolarized -
dpt! dytt dmtt dcose d¢ 16w dpLl dytt dmt¢ P AO'A3 non-zero only in NLO

S 4 /
| .
{{1 +cos> ) + 5 Ao(l - 3cos’#) + Ay sin 24 cos ¢

A.-A7 non-zero only in NNLO

—

| 4 .
+5 Ar sin“# cos2¢ + Az sinf cos L’)%{Aq cosd 1 A andA depend on vector and ax|a|
= N 3 4

+As sin? 6 sin2¢ + Ag sin26 sind + A7 sin 6 sin d)}. Coup”ngs to Z-boson ~ sensitive to sin GW

A, sensitive to weak mixing angle 3/8 A ~ sin? GW

Measurement for |n|<2.4 (cc) and with one electron in forward region 2.5<|1|<4.6 (cf)
A, s parity violating, best sensitivity at Z-pole

- 1_| T 17T I T T T | T TT | T T T | LI | T T T | T TTT | T 17T I_
< - ]
08¢ "ff'; 'ii"””””"”* femal =y o @ 0 @ * Limitation by radiation of initial state quarks
06 T : ® e ~ large systematics from PDFs
C L i
0.4F .
: . -
0.2F N - PDF set CTI0 | CTi4 | MMHTI4 | NNPDF31
D3_‘____T____‘_'__I_'_f___'___‘I____‘{____‘{___1___T____1'____‘_'____T____T____T____'_Z Central value || 0.23118 | 0.23141 | 0.23140 | 0.23146
- .. - Uncertainties in measurements
02 e ZK*(NLOQCD) Total 40 37 36 38
04 v Z 3 Stat. 21 21 21 21
06Fe E Syst. 32 31 29 31
:I L1 | I | I T I L1 11 I | I T I L1 1 1 I | I T I L1 1 1 I L1 1 I: - L]
086780~ 90 100 110 120 130 140 150 Final uncertainty from PDF spread
m, (GeV)
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Compatibility weak mixing measurements

ATLAS Internal
8 TeV, 20.2 b’

PDFs
—« CT10
—« CT14
—e MMHT14
—+ NNPDF31

5

Pull

4

3

2

C

T ee .

70 <m" <80

80 <m" <100

100 <m" < 12570 <m" <80 |80 <m" <100 [100 <m" <125

—4
_5 =] L= Crl o Lel Wy o L] wy = L +] uy = 0 wr L] L=} ur ur
IR IR I R T I I I I
Central value || 023118 | 023141 | 023140 | 0.23146 Z-boson rapidity bins
Uncertainties in measurements
Total 40 37 36 38 : : : :
Stat. 21 21 21 )1 Result also compatible with reinterpretation
Syst. 32 31 29 31 of recent triple-differential Drell-Yan

Final uncertainty from PDF spread.
CT10 considered since it fits best the 7 TeV Drell-Yan data. 41

Cross-section measurement.



Search for dark matter at LHC

Particle physics relevant for understanding of early universe.

107

DM model require new stable particle beyond SM.

MET + jet search |JHEP 01 (2018) 126

— T T
® Data 2015+2016

ATLAS

>

. . . . 8 6 #4444 Standard Mode
Coupling to SM particle via mediator (A). 2 TEs-13Tev 361 b - v+ fos
S 10° = Signal Region : B W= Iv) +jets

i p,(i1)>250 GeV, ET**>250 GeV B 1) + jets

. 4 I 1 - single to|

Two strategies: = — Lo

. . . - . mutljets+nc

1) Events only visible if strong boost by radiation v -+ ) sy
Signature: Mono-X, X=jet, photon, Z/W etc. (o

my >

g p
9 = X 107"
1

3

9q ) g\ 8 o
q X >
S
2) Look for mediator decay to SM patrticles. 2
q q -

Ja 9q~

A \

q q ig

LHC is sensitive to some models
(not too heavy, sizable couplings) 42
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300 400 500 600 700 800 900 1000 1100 1200
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10 e Data
Background fit
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o NLOSSMZ, 1.5TeV,
2 G x 100
10 o LODMZ,2TeV,
o x 100
10 arXiv:1805.09299
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https://doi.org/10.1007/JHEP01%282018%29126
https://arxiv.org/abs/1805.09299

Search for dark matter at LHC

Complementarity to direct detection experiments
Production at LHC

g _ My
q ge X

>

=2 Example for gq:O.25 =1 for vector mediator:
=
fl_',) 7 DM Simplified Model Exclusions ATLAS Preliminary July 2017
b= T T S T\ 7 T 3 = Dijet
S 8 Dijet 8 TeV s = 8 TeV, 20.3 fb!
U) Phys. Rev. D. 91 052007 (2015)
Dijet Y5 = 13 TeV, 37.0 fb™!
9 arXiv:1703.09127 [hep-ex]
Dijet TLA¥S = 13 TeV, 3.4 fo!
i = 0 ATLAS-CONF-2016-030
Q X CRESST |l . Dijet + ISR ¥§ = 13 TeV, 15.5 fo!
< 1 ET +X ATLAS-CONF-2016-070
1
. . . | . EmISS+X
T
Ann|h|lat|0n _42 BT +y¥s=13TeV, 36.1 fb"
1 O Eur. Phys. J. C 77 (2017) 393
ET+jet ¥§ = 13 TeV, 36.1 b
-43
10 ATLAS-CONF-2017-060
ET™+Z V5= 13TeV,36.1 b
1 0_44 ATLAS-CONF-2017-040
— CRESST 1l
1 0—45 arXiv:1509.01515v1
— XENON1T
1 0—46 arXiv:1705.06655v2
Vector mediator, Dirac DM — PandaX

10—47 gq _ 0.25’ 9| _ O, gDM =1 arXiv:1607.07400
ATLAS limits at 95% CL, direct detection limits at 90% CL LUX
10—48 . N il R N | L MR | arXiv:1608.07648; arXiv:1602.03489
2 3
1 10 10 10

DM Mass [GeV]



Dijet resonance search

arxXiv:1804.03496

q q . - .
- Dijet resonance search limited by trigger Py threshold.
\\ 7' / In sub-TeV regime need to do analysis on trigger level
Ja 9 overcoming bandwidth limitations by writing
A only small amount of trigger jet information.
\ Need full jet calibration for trigger-level jets.
c q Example coupling limits for DM axial vector mediator:
.g 8__ J J I J U J I__ mc- 0.4_' I. . T I T T T T T | T T IIIIII|IIIIIIIII|IIIIIIIII_L
M 10 E 3 ~ ATLAS Preliminary April 2018 —__Large-R jet + ISR, 36.1 b
P i) ATLAS : 0.35F {5 =13 TeV, 3.6-37.00 " o om i 15
0 _ -1 - o T ATLAS-CONF-2016-070
CICJ 10 g \{5*-13 TeV,29.31b : 03F 9% GL upper lmis 4 Dit 1SR (e, 15515 ]
Lﬁ - ly*| < 0.6 ] S ATLAS-CONF-2016-070 |
- Dijet TLA, 3.6-29.7 b~ ]
10° 3 E 0.25— _ arﬁv: 1804.03496 —
- 3 - ____ Dijet,37.0 " -
- i . - Phys. Rev. D 96, -
105 L Lta:’ge galn — 02 — GSZUM (2017) N ]
= at low mass : - .
- a 0.15F —
10 ' - :
; o Trigger-level jets ; 01 :_ Axial vector mediator IYE_ S _:
100 — Offline jets, single-jet triggers " 0.05 Z_ Dirac Dark Matter - _Z
E — Offline jets, single-jet triggers, prescale-corrected = CPE | Mou= 10 TB"I" | = A T
C | 1 | 1 | | | |
600 1000 2000 3000 4000 100 200 300 1000 2000
Dijet mass m, [GeV] m,. [GeV]
Trigger-level offline
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/ATLAS_DarkMatterCoupling_Summary/ATLAS_DarkMatterCoupling_Summary.png
https://arxiv.org/abs/1804.03496
https://arxiv.org/abs/1804.03496

Search for electroweak SUSY particles

2( compressed
Soft p7# > 4.5,4 GeV
[1712.08119]
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¥
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p M . 1
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=t

Disappearing track
IBL+Pixel tracklets
[PHYS-PUB-2017-019]

December 2017

% 50 B 2¢ compressed, SUSY-2016-25, m({2) = m(i9) + 2Am({E, 79) |
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—_ 20 LEPZ2 i} excluded |
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! .,
C 10L .
_zH\‘_ C ) ]
o - ~. ]
E °F ;
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B —— QObserved limits 7
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ttH event candidate
y A

ATLAS 4 =

EXPERIMENT

Run: 303079

Event: 197351611
BROION_01 05:01:26 cEST




ttH event candidate

EXPERIMENT

Run: 331742
Event: 1873900334
2017-08-04 21:48:42 CEST




ttH four lepton event candidate

ATLAS

EXPERIMENT

Run Number: 331875, Event Number: 2155358561

Date: 2017-08-08 02:55:43 CEST

Event display of the 4u VH-Had candidate with the with BDTVH-Had = 0.47. The invariant mass of the 4-lepton system is 128.2 GeV, the muons are indicated &
red tracks (pT = 103.7, 16.9, 16.4 and 15.4 GeV). The two jets, with an |nva4§1t mass of 96.2 GeV, are marked with purple cones (pT,j1 = 64.9 GeV and pT,j2



ATL-PHYS-PUB-2018-007 Four muon event

Run: 338220
Event: 2718372349
2017-10-15 00:50:49 CEST

EXPERIMENT

Final state
ete ete”
+

Two Z->mm events superimposed.
With high LHC luminosity starts to matter
even for rare processes. 49

,u.Jr,LFB e
s

Sum over all channels



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-007/

Four lepton event
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EXPERIMENT

Run Number: 338498, Event Number: 480031171

Date: 2017-10-18 15:15:56 CEST



Coupling fits in H—bb analysis

1 1 1 I 1 1 1 I 1 1 I | I I 1 I 1 1 1 I 1 1 I | I 1 1 I 1 1 1 I 1 I I

ATLAS Preliminary \s=7TeV, 8 TeV, and 13 TeV

Total Staf 47 ' 20.3 " and 24.5-79.8 b’

- | Ola al.

VBF+ggF RUN1|  pei——e——imt 0.78 755 (U5 lies )
VBF +ggF Run2 —e—1 2.47 130 (7135, o5 )
ttH Run1 Fle—m  1.50 12 (7077 oas )

ttH Run2 e 0.85 *)o0 ("039. 025 )

VH Run1 rol 0.51 030 (“930. 05 )

0.27 +0.16 +0.21

VH Run2 . 1.15 556 (Tots 09 )
Bl [l et 7, el e 1> el T e

Comb. 1 1 1 I 1 1 1 E ITI | | | 1 I I1I.0I1I Iil.0129 | I(I_P.JZI ]I _IOI15|‘ I)

4 2 0 2 4 6 8 10 12 1
p‘H—>bb
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ttH production cross-sectlon

Xiv:1806.00425
June 2018 update: ttH —yy and tt(ZZ - 41) with | 80 fb1 o

Inclusive ttH production cross-section ttH cross-section per production modes
g 1:'|"[||'|||"|lll|lll: I Y L Y O
— 0.9t ATLAS E ATLAS e Totd | Stat, B Syst. — S
.E 0 8:— ﬂ Theory (NLO QCD + NLO EW) = (s=13TeV, 36.1 - 79.8 b
Pesinh ] Total  Stat. Syst.
Q. (.75 Combined data T ) |
% ek - HH-m O 136% 12 (o ot o )
0.6 =
0.5 £ fH(H-bb)  H——H 0834061 (£0.30,+ gjg)
048 E i (H- W) MR- 150t 0h (£ 00 00)
0.3 =
0.o0 : tH(H- ) == 1412 g (£ 03 % o)
E (5=13TeV,36.1-79.8f0" J prereeseereessessssessesis e
0.1 - /s= 8TeV,203 b’ = Combined | 1321 g% (£0.18,% %)
: I | I | 1 | | 1 | | | Il I | Il | 1 | Il I | :
O 6 8 10 12 14 16 II|IIII|IIII|IIII|1III|IIII|IIII|II
-1 0 1 2 3 4 5
s [TeV SM
! ] Gttl-/ OiH

ttH cross-section
at8 TeV: sigma,,, =220+100 (stat)=70(syst)

, Already 20% precision !
at 13 TeV: sigma,,,=670+90(stat)+105(syst)
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https://arxiv.org/abs/1806.00425

Coupling ratios in Kappa-framework

Parameter Definition in terms of x modifiers Result

Koz KeKzZ [KH .06 £ 0.07
At g Ke [ Kg ] .UF}f::: :j
Az Kz [Kg ].O{ﬂ:::ﬁ
1o+0.09
Awz KW/KZ {]'ggt”_”g
lyz Ky/Kz D'%i”:::?
Arz Ky [Kz 0.95+0.13
Aoz b /xz 0.914017
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http://cdsweb.cern.ch/record/2308392/files/ATLAS-CONF-2018-004.pdf

Cross-section measurement for H->1tz
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Events / GeV

Data/Bkg

Events / GeV

Data / Bkg

Mass distributions in H->tt VBF categories
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Mass distributions in H->1t boosted categories

2

% _IIIIIIIIIIIIIIIIIIIIIIIIIII_ % _—IIIIIIIIIIIIIIIIIII— %Em_lllllllllllllllllll_
O | ATLAS Preliminary a8 4 (5 | ATLAS Preliminary *P2ié:2ie 1 (9" © ATLAS Preliminary *; Pzne:20e 1
% [ fs=13Tev,3610" = undihe ”‘“': B 150‘ =13ToV, 361" mzame P [S=13T, 610" mmzoeed -
E 1D[}—1iwrhphﬂ°31-|lﬂl-i-'l SR :'11_';' . § - ‘inp"'h-im high-p?* SH -m g § 15'0:—"}-11..1&:&1 high-p Bﬂ-m‘_ _:
i i o : 4% Unoertainty i i - .
1 100F 1 100- =
] s 1 :
] : : : 1 I Ll 1 I:
T n T I T T T T I T T T T I T T n T T T T I T T T T I T T f T T T |
4 o ”1 s l:*:r_'—tw 4 @'y wﬁ‘ ” -
. - = L

: 3 foo J1 £ oot T - -
- D I'-'_I 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 D — 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

60 80 100 120 140 160 180 200 50 100 150 200 ] 50 100 150 200
m [GeV] mC [GeV] e [GeV]
% LI I LI I LI I LU I LI II:MHIIIIEI-HIIIIBI_ % 15[}_I I 1 T 1 1 I 1 1 1 1 I I[;E:‘EI HI:"EI_ % :I 1 1 1 I 1 1 1 1 I T 1 I[;.a;lsl ;‘;:
G 100 ATLAS Preliminary =[S0 1 G | ATLAS Preliminary (2 707000 1 O 150[- ATLAS Preliminary =, Fn 500
P 15=13TaV, 361" ELJ" o a [ {5=13TaV, 36,11 E’z"_m" 1 % Vs=13TaV, 3610~ E’z‘_mh 'm_
= TypTiap DOOSL low-p7 SR EE- = = 1m__1iwr|dhomt.h|r-p'1' SR Emnnnw; 1 E [ [ TjpyTpg DOOSE. loW-pt* SR Emw, ]
lﬁ I Ofher Backgr. | lﬁ B i Uncertainty ] Ii 100 w0 Uncartsinty ]
E 501 s 50 3

] T 7] o - T -

1 1 + ] e 1.1_ —— —— — ]

= = g 1 PIREAN . = ] S Mﬁk’ﬁ TemE

4 o —”F—_ o E T i ]

_IIIIIIIIIIIIIIIIIIIITIIIIII__ éﬂﬂ-glllllllllllllllllll__ Eu-g__llIIIIIIIIIIIIIIIII__
60 B0 100 120 140 160 180 200 50 100 150 200 0 50 100 160 200

mie [GeV] mi?'C [GeV] mt' [GeV]

57



Search summary

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Sl [£dt = (3.2-37.0) fo! V5 =8,13TeV
Model £,y Jetst ET™ [rdt[fo'] Limit Reference
EEETRE = g R N s || 5 i etttk v e ol 4 : et

ADD Gkk +g/aq Oe,u 1-4j Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
ADD non-resonant yy 2y - = 36.7 Ms 8.6 TeV n=3HLZNLO CERN-EP-2017-132
ADD QBH - 21 = 37.0 My, 89TeV n=6 1703.09217
ADD BH high 3 p1 >le,n >2] - 3.2 M 8.2 TeV n=6, Mp =3 TeV, rot BH 1606.02265
ADD BH multijet - =3j = 3.6 My, 9.55TeV n=6, Mp=3TeV, rot BH 1512.02586
RS1 Gkk — vy 27y = - 36.7 Gik mass 4.1 TeV k/Mp = 0.1 CERN-EP-2017-132
Bulk RS Gk — WW — qqtv 1eu 1J Yes 36.1 Gk mass 1.75 TeV k/Mp; = 1.0 ATLAS-CONF-2017-051
2UED / RPP leu 22b23)] Yes 132 |KKmass 1.6 TeV Tier (1,1), BAMY — ) =1 ATLAS-CONF-2016-104
SSM Z" — & 2ep = = 36.1 Z’ mass 4.5 TeV ATLAS-CONF-2017-027
SSM Z" — 1t 27T — = 36.1 Z’' mass 2.4 TeV ATLAS-CONF-2017-050
Leptophobic Z" — bb — 2b = 3.2 Z’ mass 1.5 TeV 1603.08791
Leptophobic Z’ — tt 1e,u >=1b, >1J/2] Yes 3.2 Z’ mass 2.0 TeV r/m=3% ATLAS-CONF-2016-014
SSM W’ — v 1epn = Yes 36.1 W’ mass 5.1 TeV 1706.04786
HVT V' - WV — gqqq modelB O e, u 2J - 36.7 V’ mass 3.5 TeV gy =3 CERN-EP-2017-147
HVT V/ - WH/ZH model B multi-channel 36.1 V'’ mass 2.93 TeV gy =3 ATLAS-CONF-2017-055
LRSM W[, — tb 1eu 2b,0-1j Yes 20.3 1410.4103
Cl qqqq - 2] > 37.0 A 21.8TeV 7, 1703.09217

. Clttqq 2e,pu - - 36.1 A 40.1 TeV ATLAS-CONF-2017-027
Cl uutt 2(SS)z3eu=1b21j Yes 203 |INEEEEeTe v |Crel = 1 1504.04605
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mimed 1.5 TeV 84=0.25, g,=1.0, m(y) < 400 GeV | ATLAS-CONF-2017-060

. Vector mediator (Dirac DM) Oe,p, 1y <1j Yes 36.1 Mimed 1.2 TeV 84=0.25, g,=1.0, m(y) < 480 GeV 1704.03848
VVyxyx EFT (Dirac DM) Oe,u 1J,<1]  Yes 3.2 M, 700 GeV m(x) < 150 GeV 1608.02372
Scalar LQ 15t gen 2e >2j - 3.2 LQ mass 1.1 TeV =1 1605.06035

. Scalar LQ 2™ gen 2u >2] - 3.2 LQ mass 1.05 TeV B=1 1605.06035
Scalar LQ 3™ gen lepu 210,23 Yes 20.3 [IOFEScacev p=0 1508.04735
VLQ TT — Ht + X Oorlepu >2b,>3j Yes 13.2 T mass 1.2 TeV B(T - Ht)=1 ATLAS-CONF-2016-104
VIQTT - Zt + X teu 21b23) Yes 36.1 T mass 1.16 TeV B(T—>2Zt)=1 1705.10751
VLQTT - Wb+ X 1epu =1b, =12 Yes 36.1 T mass 1.35 TeV B(T > Wh) =1 CERN-EP-2017-094
VLQ BB — Hb + X leu 22b23j Yes 20.3 B(B— Hb) =1 1505.04306
VLQ BB — Zb+ X 2/>3 e, u >2/>1 b = 20.3 B(B— Zb)=1 1409.5500
VLQ BB —» Wt + X leu >=1b, =142 Yes 36.1 B mass 1.25 TeV B(B— Wt) =1 CERN-EP-2017-094
VLQ QQ — WqWgqg 1epu >4 Yes 20.3 1509.04261
Excited quark ¢* — qg — 2j - 37.0 q* mass 6.0 TeV only u* and d*, A = m(q*) 1703.09127
Excited quark ¢ — gy 1y 1j = 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) CERN-EP-2017-148
Excited quark b* — bg - 1b1]j - 13.3 b* mass ATLAS-CONF-2016-060
Excited quark b* — Wt 1or2e,u 1b,2-0j Yes 20.3 fe=fi=fh=1 1510.02664
Excited lepton £* Se,u . - 20.3 A =3.0TeV 1411.2921
Excited lepton »* 3eut = - 20.3 AN =16TeV 1411.2921
LRSM Majorana v 2e,u 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ¢¢ 234eu(SS) - - 36.1 H** mass 870 GeV DY production ATLAS-CONF-2017-053
Higgs triplet H** — (1 Beut — - 20.3 DY production, B(H* — fr) =1 1411.2921
Monotop (non-res prod) 1enu 1b Yes 20.3 Brondil =(0LD 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
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*Only a selection of the available mass limits on new states or phenomena is shown.
TSmall-radius (large-radius) jets are denoted by the letter j (J).
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Vector-like Quark summary

m, =900 GeV | ATLAS Preliminary
<, 1 Vs=13TeV, 36.1 fb™

=== Exp. exclusion [[] Obs. exclusion
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W(Iv)b+X [arxiv:1707.03347]

H(bb)t+X [arxiv:1803.09678]

Z(VV)t+X [arxiv:1705.10751]

0 8 - mT - Trilep./same-sign [CERN-EP-2018-171]
0.6 [ R O/*)O/ﬁ 3 — ()b +X [arxiv:1806.10555]
oo, ]
6‘/0@/ A — All-had [cERN-EP-2018-176]
0.2 - 1 & SU(@2) doublet @ SU(2) singlet
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