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The results and status of
ATLAS are given in the
following aspects:

» Higgs (SM/BSM)

» SUSY

> EXxotics

» Upgrades
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Higgs results



Legacy from Run-1  "RS&RS
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[ ATL-CONF-2016-067 ]
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With more data collected at Run-2, we can

3)

separate the signal region into ggH, VBF,

VH and ttH categories

make differencial distributions, e.g., N,

and pr

compare fiducial cross sections in different
regions (baseline, VBF, single lepton)
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The analysis can separate into VBF
and WH trilepton categories

VBF: BDT based on jets and leptons
WH: large MET, <1 jet

pver = 1.775%(stat) *0% (sys) 1.90 (1.20 exp)

pwr = 3.275 (stat) "5 (sys) 0.770 (0.240 exp)

[ ATL-CONF-2016-112 ]
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H—Dbb

The search is made in the VH, VBF and VBF+y channels:

ATLAS Preliminary
- B 4 mm VH(bb) (u=1.0)
fs=13TeV [Ldt=13.21b — ok
it
pm Single top
mm W+(bb,bc,cc,bl)
Bl Z+(bb,bc,cc,bl)

:.|I||||J|| L L e
S ioiEGE oo NG IR 1 HO K0
log, (S/B)

VH

Search is further divided
into 0/1/2 leptons

Background is high, and
signal sensitivity is low
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Trigger: 2j+2b, or b-jet +
forward jets

Use BDT to reduce
background, then fit
m(bb) spectrum
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Use extra radiated
photon to trigger

Lower background,

sensitivity similar to VBF
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[ JHEP 04 (2015) 117 ]
H—)’CT [ JHEP 08 (2016) 045 ]
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% Combined run-1 sensitivity of ATLAS/CMS already exceeds 50:

ATLAS CMS ATLAS+CMS
pTT | 1415558 1 0.88T05¢ | 111555,
Obs. (Exp.) p0 | 4.4(3.3) | 3.4(3.7) 5.5(5.0)

“ H—1t is one of the best channels to search for VBF production. It is a very
sensitive channel for CP in both HVV and Hff couplings

* In the 2HDM model, the H—1t rate is often enhanced, and Higgs can also
have mixed CP. This makes the H—tt channel very special



H_) Mu [ ATL-CONF-2017-014 ]
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Separate into VBF and ggH categories u=-0.11"% Run-2

The ggH region is further separated into different <3.0 (3.1 exp) Run-2
dimuon p; and muon n regions
<2.7 (2.8 exp) Run-1+2

Full 2016 Run-2 data is used
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The search is separated
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(WW,ZZ,tt) channels

Sensitivity exceeds Run-1
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[ ATL-CONF-2016-088 ]

Require a high p; hadronic tau, at
least 3 jets out of which =1 b-jet,
and large MET

Use transverse mass as the
discriminant

mr = \/Zp}Egﬁss(l —cosA¢,, E'rIpiss).

hMSSM : use measured h mass of
125 GeV to predict other Higgs’
decays and masses
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Sensitive to A—1t especially at
high tan3

Use 1,1, and 1,1, channels and
separate into b-veto (ggF) and b-
tagged (b-jet associated) regions
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SUSY results
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O - 1 epton [ ATL-CONF-2017-022 ]

Traditional O-lep channel
looking for squark and
gluino productions

Large m as discriminant
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Exclude ~1.5 TeV squarks and ~2 TeV gluinos 14
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0/1-lepton—+b-jets

Assume squark is much heavier than

gluino. Use b-jets and lepton to

suppress QCD:

[ ATL-CONF-2017-021 ]
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Stop search is important for Higgs mass
stablization

At least 4 jets, large MET
SRA/SRB: Am(i, X1) > m,
SRC: Am(f, X)) ~ m;, use ISR jets

Use m;, to suppress ttbar, and recluster R=0.4
antiKt jets with R=1.2 for close top daughters

Much improved limits w.r.t. Run-1
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Split the SR into H(bb)

and Z(Il) enhanced

regions

1 lepotn + 4 b-jets

3 leptons + 1 b-jet
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Exotics results
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[ ATLAS-EXOT-2016-021 ]

T T T " . T T T E [ T T T T T T T T ]
VATLAS Prelqulnary =n C \\ ATLAS Preliminary |
S=13gev’ 87.0 4 \ \s=13 TeV, 37.0 fo!
& L4 ata m = AN * 0.6 3
Background fit X B AN ly*| <0. ]
— BumpHunter interval <T i \\ ]
--0-- @, m =4.0TeV X 4 A1l \ _
—-@-- g, m’. =50TeV 01075 N E
q - AN ]
C N .
L \ 4
>N 10% TR E
q*, X3 ‘:“‘?:__,, -3 . q* S ]
p-value = 0.63 107" £ —e— Observed 95% CL upper limit N
1= Fit Range: 1.1 - 8.2 TeV i E Expected 95% CL upper limit N
ly*[ < 0.6 Expected +1cand+2 ¢ N
1 1 10—4 | 1 1 ‘ 1 1 1 | 1 L
5 3 2 4 6
o = m_. [TeV]
2F- =3 9
e certainty ot ||J+|‘ A | S I ATLAS Preliminary ]
5 ' m — % 18\ 1s=13 TeV, 37.0 b =
- - ' — ' % [\ y*l < 0.6 E
2 3 4 5 6 7 8 9 - N 7
m. [TeV] < \
i X 1 0—1 e, -
o} B s
e *. . 1 + cos 6* ol ]
Definition of y*: 2l . 227 107 T
1 — cos 6* - N d
- \ —
i’ . NF ’ ’ 107° =—-W \\ 3
Dijet resonance: q*, W', Z', = —— Observed 95% CL upper limit <_ e
Quantum BlaCk HOle [ Expected 95% CL upper limit \\\ ]
104 ™™ Expectedt1cand+2 ¢ =
:1 1 1 1 | | 1 1 | I:

Sliding window fit. No significant

E€XCeSS

2 4

»

my, [TeV] 21

Mirrnen #t \Wnrd



o4, (x-proton) [cm?]

1073
10°%°
1076
10°%
10738
107°
10740
1074
1042
107
107

Dark Matter . Y+MET [ ATLAS-EXOT-2016-032 ]
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Dark Matter : H —yy +MET [ ATLAS-EXOT-2016-087 |

q 2 L I B BN B L B B L B
D
S 10°E  ATLAS Preliminary e
S 408 Vs=13TeV, 13.3fb" I vy jet
3 SM Higgs Boson
£ 10 vy
oo . vyy
10 — M, 275) M (60)
— M, (1) MZ (200)
10° —— M, (1000) M, (200)
10 —— (sys @ stat)
B 1
q 10
L] L] L] 10_2
Based on the MET significance and § of ]
o F ]
' @ 1.5F 3
pT(YY)- S 1L+ E
§ s T T + E
e — miss /., / 0.5F 3
SE,IH,:]J'SS - ET / Z ET 0: v b b e by b Tl by by bl oy 1y 1:
0 2 4 6 8 10 12 14 16 18 20
Fit to the m(yy) spectrum ET** significance [\ GeV]
5 S e oo I e e e o > 105' l."S"[."'YY'I""[""I" ]
= : Observed ATLAS Prolimin ; 8 oF High Sy, high p!’ ATLAS Preliminary =
R Expected ry1 J > sb (s=13TeV, 133f" 3
< : I Expected = 1o {s=13TeV, 13.31b - £ - —+ Data E
T - [ ] Expected + 20 ] [} = e Background =
6 > e Signal B
% 102 = = L 6F S’a Hi i
§ = pp — h(yy) + x %, Z-2HDM model 3 E Coosue iggs E
[ tanp=1.0,g, =08, m, =100 GeV, m,; = 200 GeV ] 5F =
o0k E = 3
g : 4F E
T i 2 E
35 =
: 1‘— f :
- ? y: :
610_1_|...|...|...|...|...|_ 1 MY
X 400 600 800 1000 1200 1400 02 GITTTTTTT - 1T LILTLE I
2 m,, [GeV] 110 120 130 140 50 160

.
m,, [GeV] 23



[ PLB 765 (2016) 11 ]
Dark Matter : bb"‘MET [ ATL-CONF-2016-086 |

Search for DM via H—bb+MET:
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ATLAS upgrade
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LHC plan the ATLAS upgrades

LHC
Run 1 | \ Run 2 | | Run 3
LS1 EYETS 14 TeV 14 TeV
13 TeV 13.5-14 TeV energy
injector upgrade 5t07x
splice consolidation cryo Point 4 cryolimit o nominal
7 TeV 8 TeV button collimators DS collimation interaction ) HL LH(_: luminosity
— | R2E project P2-P7(11 T dip.) regions installation
Civil Eng. P1-P5
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2037
radiation
experiment experiment upgrade 2xnominal lumino ds ﬁ;“age experiment
7% paperiment | o wosty | L ol | upgrade phase 2
luminosity /_
/ 2 integrated
30 1o EXd EXd sy

« Phase-l Upgrade for L=2-3x103* cm2s-1. In the advanced stages — production started
« Phase-ll Upgrade for L=5-7.5x10%* cm-s-'. Have to cope with the high pileup rate of <pp,>=
140-200. In the design and prototyping stage

Major upgrades to ATLAS:

Tracking Extend to |n|<4.0. All silicon

Calorimeter Update all readout electronics. Timing in EM endcap (to reject pileup)

Trigger Tracking added at L1, larger bandwith, finer granularity

Muon New endcap wheel to reject fake L1 muons (Phase-I)




R [mm]

New Inner Tracker - ITk e

- 10 end-plate 2 H_)TT prOJeCtlon
1400 %ATLAS Simulation I Sotenoid coil Lo =13 Wy ?O'OSSZ‘ e
— Extended | - o - ; :
; 200 xtende o N ‘ = - ;E) 0.03:_ ATleilal:i’r:;lratlon ]
= " i 3 5 Yy ]
1 000 _I j 2 1004 - k2.0 'CC) 0025? Wl + €Thag VBF =
i | I 3 -
800; Q7RT (barrel) cap P Cryostat g, 0.02:— — Run-I tracking volume |
GOO: | tlafs lalsielr e lelale LattTol g ) §0015: I7FT| PU rej. ]
[ O ——————— s & N L . . ) -
| 'IW 861 {end o) e I ]
400 e emecsd Ml €na-cap “pios "% support tube 0.01— — 3. % =
[ 3.0 - “RT.6 . N - a N
L 1[1‘\1 1 ML Lo | Pixel PPf - — 40 90% ]
200"'1='4-°‘ s SIIREARL i_ ] Boa-pige 0.005} —
, ”“”““”‘“’———.Fﬁ'&d:i_ . c
o 3000 -2000 -1000 q 005 S0 T o | 1200 e a2 %06 w2 i = T
495 650 80,8 10915 10907 Z(mm) 00 0.05 0.1 0.15 0.2 0.25 0.3
: signal efficienc
Phase-Il Upgrade Current tracking system g y
(proposed)

Inner detector completely replaced with all-silicon tracker
Extended coverage up to |n|<4.0
Reduced material in front of calorimeters. Low occupancy in pixel and strip layers

Pixels : 5 inner layers + forward: design study underway to decide on
extended or inclined layout (the barrel)

Strips : 4 long barrels + 6 endcap disks
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Muon and Timing detector

Phase-| : replace inner wheel of
muon endcap with New Small
Wheel — microMegas (MM) and
small strip thin-gap chambers
(sTGC)

A timing detector :

Thin, high-
granularity timing
detector in the
front of the endcap
calorimeter (2.5<
In|<4.2)

New Inner RPC layers in
the barrel




[ CERN-LHCC-2015-020 |

ATLAS Scoping layouts

Scoping Scenarios

Detector System

Reference
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Middle
(235 MCHF)

Low
(200 MCHF)

Inner Tracker

Pixel Detector In| < 4.0 Inl < 3.2 Inl < 2.7
v v
, [No stereo in layers #2,#4]
Barrel Strip Detector / [No stub layer] [Remove layer #3]
[No stub layer]
Endcap Strip Detector v / /

[Remove 1 disk/side]

[Remove 1 disk/side]

LAr Calorimeter Electronics

Calorimeters

Tile Calorimeter Electronics

Forward Calorimeter

High Granularity
Precision Timing Detector

NS | SIS TS

x | x| NN

x [ X | NN
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Summary

With about 36 fb-! of Run-2 data collected, many new physics are
available and outperforms Run-1

Precision and differencial measurements in the bosonic Higgs decays are
possible. H—tt is discovered (Run-1), but H—bb still needs time

No significant excesses are observed in BSM Higgs, SUSY, and Exotics
searches so far, and limits are getting tighter with more data

The upgrade programs will prepare ATLAS for high-luminosity LHC runs.
A number of key improvement will be made to cope high pileups and
detector degradations

Not all latest results are included. Many are still going on. Stay tuned!
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Extra Slides
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nggS pI‘OSpeCtS f()r HL-LHC [ ATL-PHYS-PUB-2014-016/017 |

ATLAS Simulation Preliminary

/s =14 TeV: JLdt =300 fb™ ; JLdt =3000 fb’ Couphng versus mass: .
- ‘ | e Errors on individual factors:
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£ hoyy, hoZZ' 4l hoWWisiviv Z.= 3 Theory unc.:
S = hotr, hobb, hopp, h—Zy V.\'/- . All Half None
H—) ZZ (Comb ) 1l [Kz: Ky Kiy Kps Ke, Ku] -",-" ]
0 g Kz 81% 719% 71.9%
- b . Kw 9.0% 87% 8.6%
H— WW (comb.) g 1021 e ] Ky 2% 21%  20%
‘ = AT Ne=1aTey - p 23% 2%  22%
- S
HoZy (o) I JLdt =300 b ] 8 Kr 14% 14% 13%
‘ 107 u . — [Ldt=30001b" = Ky 21%  21% 21%
| FE ] Ky 4% 12% 11%
H—bb (comb) fob | e Ky 93% 9.0% 89%
' z 1_ _ Kzy 24%  24%  24%
Hott (VBF-like) . I I ----------------------------- 53 I»
¢ % 0.95 3 — e, —
F T ogt E Ky = Kz = Kw
H% (Comb ) "E 1 1 1 1 3 — — — —
HH _ 1. 10" 1 10 102 Kr=K=Ky =Ke =Ky
0 02 0.4 m, [GeV] 3l 255_ —— 300 fb1 w/theory —— 3000 fb", w/theory 3
) ) 1.2F == 300 fb™!, w/o theory ------- 3000 fb™, w/o theory
Ap/u 11 5%_ + Standard Model _é
More precise measurements of Higgs production and decay rates: 11 E
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: . . . 1 =
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