Recent ATLAS results
and preparations for Run2

Gabriella Pasztor
(Carleton University)
for the ATLAS collaboration

QFTHEP 2015, Samara, Russia

K N N.l 'A\r.'g%’/ ‘” 4
‘\\ ~wv. \ Vel ”’

N -'",;‘\,\.T\ \»l\\ﬂh "/AI’//,/,
\

> Y. \\\\ ‘! 4
e \ \\‘ " /’ "y ’
;\ X | (/ ////
y \\\ ‘\ ; ///
/ ///

\\\ “"’ /

\\\\‘ e
W A 4 ‘/.“:. i ) ;
\ /

/ // \ \
/ / /
\/ //’ / / \
:;?’}((/ 4 ;//7 / / 4/‘ ‘/ “ 1\\\“\\\

/ \ /gl / / \ 13 TeV collisions
Ji y ////fllw m\m\\ NN }\ WO

Run: 265573

Ve ity
7z /< Event: 970468
W ATIAS@a3Tev. BN

L

o

Carleton

IIIIIIIIII

ATLAS

EXPERIMENT




Introduction ;
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« LHC delivering data at record 13 TeV energies to ATLAS
— Detector recommissioning and performance evaluation ongoing

— First glimps at physics at E_,= 13 TeV

450 ATLAS Submitted Papers

* ATLAS submitted so far 437 papers for — s e a0
publication on Runl E_ =7 -8 TeV data a00r
— 58in 2015 350

o o o 300
* Only a subjective selection of recent

results presented today =

200

— Not covered: soft QCD, B physics and
heavy ion physics 1or

100

* Topical ATLAS physics talks in this conference

50 |

— Huang Yanping: Higgs boson results (June 25)
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— Mateusz Dyndal: SM measurements (June 26) 0

— Lorenzo Massa: Top physics results (June 26)

— Rebecca Falla: Exotic searches (June 29)

— Ewan Hill: SUSY searches (June 29)

— Lukas Plazak: The ATLAS hadronic calorimeter at the LHC and the phase Il upgrade program (June 29)

*  For full list of results, see
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ATLAS data so far...
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437 physics papers

'§3°Wandcounting... o 12_—I_'\_I'_I'_A'S'O"I_"""l"'_"""""""—_
= C ATLAS ! B nline Luminosity fs=13TevV |
>, 25 Preliminary 2012, \'s = 8 TeV 2 1o [ LHc Delivered ]
= ~ (72} L _
§ E . LHC Delivered zelive;e(;:. 2;{; ff:_: g - |:| ATLAS Recorded _
€ 201 []ATLAS Recorded Physics: 203" E 8 Total Delivered: 8.8 pv" -
%l E [l Good for Physics ; L Total Recorded: 7.9 pb™ .
9 15__ . . ) ]
B L 00 \s=7Tev Detector commissioning and -
[0} — . 1
Z 10 belverse: 6" performance studies... —
© - Reco_rded: 5.08 il)“ . . i
B f e First physics results for EPS -

High operation and
data quality efficiency!
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III|
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Ay
The ATLAS detector in Runl
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Muon Spectrometer
Toroid magnets
Precision MU tracking: Muon Detectors Tile Calorimeter Liquid Argon Calorimeter Calorimeter system

* Monitored Drift Tubes * LAr EM calorimeter
e Cathode Strip Chamber
Trigger:

* Resistive Plate Ch@f\b
*  Thin Gas Chambe/§

"“Tile (Fe-scintillator)
hadronic barrel

Inner Detector
2T solenoid magnet
* Si Pixel detector (50x400 um?)

e  Semi-Conductor Tracker Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
(Si strip detector, 80 um pitch) Three level trigger system

. Transit?on Radiation Tracker * Level-1 hardware (70 kHz, 2.5 ps)
<36 points / track ' « Level-2 software (6.5 kHz, 10 ms)
e / hadron separation * _Event Filter software (600 Hz, 1-2 s)
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A 1
Detector upgrades for Run2 (Phase-0)
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Detector consolidations
* New (4'™") pixel layer close to the beam pipe: insertable B-layer

* New beampipe to reduce background noise by 10-20% in the MS
(in forward region stainless steel = aluminium)

 Complete muon coverage

* New Diamond Beam Monitor to measure luminosity and background atn=3.2-3.5
 Upgrade Beam Conditions Monitors

 New LUCID (Luminosity measuring Cherenkov Integrating Detectors)

e Repairs (TRT, LAr, Tile,...)

Trigger and DAQ system

* New Level-1 Topological Trigger Processor

 New Central Trigger Processor

* New hardware Fast TracKer operating at 100 kHz providing tracks in 100 ms to HLT
 Merged L2 and EF computer farms

e Additional Sub-Farm Output to allow higher HLT output rate
(HLT rate limited to 1.1 — 1.5 kHz by storage capacity)

Software
* Improved reconstruction SW
* New data format and analysis framework
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Insertable B-layer (IBL)

 Robustness against irreparable failures & high
occupancy at high luminosities, improved
tracking precision

e 4% pixel detector layer atr =3.3 cm
* Faster read-out chips

i ; / I - ’G
* Two different silicon sensor technologies L ~ g '/

(planar, 3D)

" Pixelsize: 50x250 um — 80 H.ac,'ﬁqni,ﬂ' tera ]t."? ,V.elrF.C.E,% S
 Theinsertion gap between the Inner Supporting £ ]
Tube and IBL: 0.2 mm E 601 DData 2015 ATLAS Prellmmary ]
. . > . B
 New lightweight carbon foam structures P Hinner, support e \f_ =13 TeV::
invented to support the modules 4OJtube \ ;! F""Ma,y 201,5 7]
* New CO2-based cooling system K L e S
201~ g
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Trigger in Run2

Carleton
Stage Functionalities Components Latency | Rate reduction L1T0p0
Level-1 (L1) | Fast custom-made electronics finds L1Calo, L1Muon, | <25us |40 MHz A0, 4n .
regions of interests using Calorimeter/ | L1Topo, Central - 100 kHz \/ -
Muon data with coarse information Trigger Processor
. _ _ . K Isolation, Transverse Mass
High-Level Fast algorithms in Rol, or offline-like (FTK,) HLT farm | ~0.2s 2> 1kHz overlap removal, H.M,, A0(et,E)
Trigger (HLT) | ones with full-event info on PC farm (average) | (average) b-tagging... Fatjots
Calorimeter detectors Other Detectors
Tile calorimeter D-layer A}(J}(I) 2012 L L
20 MHz | 1.6 MB
000 40 MHz 4 2.4 MB
J Level-1 calorimeter Y Level-1 muon "} Detector
Preprocessor < Endcap Barrel > Read-Out
AMCM sector logic | | sector logic FE FE FE FE
' Level-1 accept
Electron/ Jet/ FELIX 70 kHz 100 GB/s
Tau Energy 5 100 kHz 1 240 GB/s
CMX CMX | j MUCTPI § 5
3 L —
< I crp 3 DataFlow
CTPCORE y
CTPOUT ReadOut System
Central trigger _ ’ Y Level-2 requests
Level-1 (< 2.5 ps) utputs: 25kHz | 8 GB/s
256->512 bits A0KHz T 60GBIs
Regions Of Interest ROI » Data Collection NetworkT
Hardware track finder: _ Requests
¢ High Level Trigger Event building
Tracks to HLT at L1 rate 65T 90 ons
Full system end of 2016 12 kHz 4+ 29 GBJs
Fast TracKer HLT processing
(FTK) Event data
S L v 600 Hz | 960 MB/s
SubFarm Output 1 kHz 2.4 GB/s
A 4
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A by
Run2 detector performance: 15 days
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102

10

Jet calibration: EM+JES
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The SM is doing very well...

Standard Model Production Cross Section Measurements

ATLAS Preliminary
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Over 14 orders of magnitude in cross-section: data and theory agree very well...
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Standard Model Production Cross Section Measurements siius: varch 2015
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The SM is doing very well...
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A
SM Higgs at the LHC
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Combined Higgs mass measurement
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ATLAS and CMS .
LHC Run 1 i Total St £ Syst * Using yy & ZZ=>4l channels
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= |> B W ] 1 [icz, Ky K Ky Ke, K] W
& 10 — Observed —= 10 ' E 3
F --- SM Expected E E BR; =0 gv,i my;
- ] - ;= Kyi = VKkyi
g : .- Beyond Runl ? .- yvi " Y
102 ~T . = = .z \s =14 TeV
- ~E f Testing SM; g 1 o B _ 9gFi _ = MF;
- 5 : N | Ldt = 300 fb YF, Fi v = F,—v
100 p T g(Hff) oc mfermiorz; 107 ; — JLat=3000 o' _ 2
Ll BHYV) 0 Mpssen’ SR UM
107" 1 10 102 = 1.2 E
Particle mass [GeV] Cg 1.1 E
. . 2 | T TREEREES S ESTITTIERRREREERR 1 (A R 3
All measurements consistent withSM g & B E
With improved precision in Run2 and = o8 5 ATLAS-CONF-2015-007
beyond deviations can show up 10" 1 10 102
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o
Spin-parity measurements

Carleton

UNIVERSITY

 From decay kinematics

e H->ZZ->4l fully reconstructed

* Limited statistics: test models wrt SM
* H-2>yy, WW can also be used

e Best fit SM 0*

* Large number of hypotheses assuming
gg and qq production tested
and excluded at >95% CL (including 0’)

arXiv:1506.05669

Tested Hypothesis pg}fp,uZI pg}(tp,ng Pobs P Obs. CLg (%)
0, 2.5.1072 4.7-103%  0.85 7.1-107° 4.7-1072
0~ 1.8-1073 1.3-100% 088 <3.1-107° <26-1072
2% (ky = Ky) 4.3-1073 29-107%  0.61 4.3-107° 1.1-1072
27 (K, = 0; pr < 300GeV) <31-107% <31-107° 052 <3.1-100° <6.5-1073
27 (ky = 0; pr < 125GeV) 3.4-1073 39-107% 071 4.3-107° 1.5-1072

2 (kg = 2Kg; pr < 300GeV) <3.1-107° <3.1-107° 0.28 <3.1-107° <43.107°
27 (kg = 2Ky; pp < 125GeV)  7.8-1073 1.2-107* 080 7.3-107° 3.7-1072
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Spin-parity measurements

Constrain the parameters of the effective Lagrangian assumed to be valid
up to ascale A (=1 TeV below), with SM coupling 8HVV < Mz

Carleton

UNIVERSITY

Assume only one BSM contribution at a time

vV _ 1 +17—
‘LO = {Ca/ Ksm [igHZZZu ZH + 8HWW W# w #] Jr Model Choice of tensor couplings
11 v ~ 1y KsM KHVV Kavy  «@
T4A [CQKHZZ ZuyZHY + sakazz Zuy ZH ] 0"  Standard Model Higgs boson 1 0 0 0
11 + w-pv + TH—pv 0y BSM spin-0 CP-even 0 1 0 0
“2A [caKHWWWva + Sakaww W, W ]}Xo 0 BSM spin-0 CP-odd 0 0 1 /2
< 30~ T I B ] ~< 30p~ N ELELEL IR ELELELE ELELELE BLELELE ELELELE B a:CP'miXing
~ | ATLAS H 22" — 4l 1 & [ ATLas H 2z — 4l . fora =0, it
25~ Observed zz;:: :05:;{:6' 25 Observed zz;:z :053“:&:‘ CP_VIOIatlon
S E_Xpe‘:'e"? it to dat H —> WW* — evuv . ExoeTted: o dat H — WW* - evuv .
20% signal streng it to data s=8TeV, 203’ . 20% signal streng it to data s=8TeV, 2035’ . sa = Slna
------- Expected: SM ------- Expected: SM
: ] c, = cosa
15
10
5
0
( Kay/Kgy ) - tan a B
e arXiv:1506.05669
Coupling ratio Best fit value 95% CL Exclusion Regions
Combined Expected Observed Expected Observed
f:‘,H\f\//l{SM 0.0 —0.48 (—OO, —0.55] U[4.80, OC) (—OO, —0.73] U[0.63, OC)
(EJAVV/KSM) - tan « 0.0 —0.68 (—OO, —233] U[230, OO) (—OO, —218] U[083, OO)
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Accessing rare processes: tth

N 3oF ATLAS “e_Data
— [ \s=8TeV,20.3fb"’ - ;%H|.(1h215)
2 [ Dilepton L Ji+ig
= r ti+c
& 250 >4j>4b & (b
w F Post-fit o tt+V
20~ o Tomal unc
o ttH’ H%bb :::/;tfH (125) norm.
15
10
5F
B oassEt
a W////{TP//////////// L
75F
%oo_g—...xll.v.u.|.\5.|...|‘..|.\7.|...‘.‘
a -1 -0.8-06-04-02 0 02 04 0.6 0.8 1
NN output
arXiv:1506.05988
— fot. ATLAS
— stat. Vs =8TeV, 203"
fot. (stat.)
2(0;,, H——H 28 7 (13
3¢ —o—4 28 72\
207, Foe 09 34 {15
4t K] 18 5§ (38
12,4 t { 9.6 97 (43
Combined l—e—H 21 47 {9
ttH, H > WW, ZZ, t7
0 8 6 4 -2 0 2 4 6 8 10 12 14

Best fit u(ttH) = /o, for m;, =125 GeV

Run2: improved s/b due to E_, increase + higher statistics!

30 June 2015

Events

Data / Pred

10°

10*

arXiv:1503.05066

ATLAS + Data [EfiH (125)
\s=8TeV, 20.3 fb' o eV [ tislight
Dilepton (| non-tt ] tt+cT
 Totalunc. [  tf+bb
CT1HTH (125)
Post-fit

‘—»Q»v‘—»~—»~—0~—»r«//—/%gf—//r/—f/—//—’—f/—f/////*////
0-’;\‘2‘0 av2® _an?® 3% _a3® 280
ATLAS-CONF-2015-007
ATLAS Preliminary
Vs=7Tev,4.5-471b" Vs=8Tev,20 30"
68% CL: —{— .
95% CL: Combined ttH
L L L L L L I IR IR
bb: p = 1.5
ttH K 1.
. Multilepton: p = 2.1*1"2‘
mput oo
YY: W = 1.371:8
Combined
My = 1.81 &0,80 my = 125.36 GeV
05 "0 05 : R S Y S

Parameter value

ttH, H->bb  Garleton
L e e
| — tot. ATLAS 1s=8TeV,20.3 0"
stat. g Hobb)  (tot) (stat)
Dilepton {— —_————y 28120 (14) _|
Lepton+jets |-  b=——o—mq 1.2+£13 (0.8)
Combination|~  F—e—= 15+£1.1 (07)
PR PR IS R S T T T AN S T AN SO SO N B
0 2 4 6 8 10

Events / (2 GeV)

Best fit p=c/c__for m =125 GeV
SM

ATL-PHYS-PUB-2014-012

~_ ATLAS Simulvation PreliminaryT

160

300 —
C + JLdt=3000 fb', \s=14 TeV
| Simulation 7
200 ’E_i:'*++.++ + + - Background Fit ]
5 2 "";-qf ]
F RS ;
100 + ’\+:t—"'_';-*....i‘_ _._;._'
- . T "
L ttH, H2>yy | ]
200 —a— Background subtracted events |
L 4 Signal Fit
/ 4=

0*‘*‘.+0++—¢—*‘++ +¢+.+—o—*‘.++o*++ﬂ

100 120 140
m,, [GeV]
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Searches for non-standard Higgs

Carleton

UNIVERSITY

10E

Q%%
........
.....................
...................................

. NMSSM lightest pseudoscalar . arXiv:1505.0160
(\L\ = T T I\\l T T T =| i\\l\‘lllllll\l\III|IIII|I\\I|\III|III\:
s = = - m
1 C m,=m, =125 GeV 3 o m, =5 GeV .
s | ATLAS Observed 95% CL 1 - ATLAS Observed 95% CL §
5 1s=8TeV, 20317 ... Median Expected 95% CL iy, 15=8TeV, 20307 ... Median Expected 95% CL |
x 10g . tio E . i

B E t20 7 120

T

d [

o

m

X

o(gg— H) x BR(H— aa) x BR(a—11)? [pb]

5 i3
®l 10 = .
i | H->aa 2 UUTT! o lHléalaéluulTT‘
0 e s 7 8 910 20 30 40 1006150 200 250 300 350 400 450 500
m, [GeV] my, [GeV]
Invisibly decaying Higgs Charged Higgs
/ fl (1 % L \s=8TeV 20315" ATLAS g 10° §_ ATLAS —’r—TOblserve"l' (CLsI)_é
' Tt i) H(—>inv. —e- Observed (CLs) N C s=8TeV, 20317 e Expected (CLs) ]
'\ % [ W/Z(jj) H( ) — Ex{)jected (CLs) +|§ ! I; sz ol = lL):zec e s
R STV To10e 2o E
&L V(=2jj)H search| = ¢ :
s [ o L i
! 1 E - e 10°E E
From VBF search: | % e & i
Br,,,<0.29 Br,,,<0.78 1ok i
(<0.36 expected ) (<0.86 expected ) g ]
@rmH:leGeV/ 101:Af0|rr]|’]H=l12|5G|e\/| | | | | 7I|III\llllllllI\lllllllll\ll\\IllllVlI\\|||7
120 140 160 180 200 220 240 260 280 300 12007300 400 500 600 700 800 900 1000
ATLAS-CONF-2015-004 arXiv:1504.04324 Phys.Rev.Lett. 114 (2015) 231801 m,.[GeV]
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A by
Searches for new physics with Higgs

. : Carleton
— 105 arXIV:1506. 01081 —_~ 10_2 aIrIlIX{V[..Ill.ISIO[5I'I0|7II6I4I.5| T I L | L I L I L
> g T T T T T T TT T T T T 1T || T T T T 11T E q - 3
- ATLAS _ %% H D, H 3 0 - ATLAS — Observed ]
= [ 's=8TeV |Ldt=20.3fb" - P C e i
< ot HeE™ b _ N 15=8 TeV, 20.7 fb" Expected
%1 = +E T Hoy E 7 10-35_ ’ I+ 10 ~
5 r = ‘ \\§ iy c [ ]+20c e
g 10g > R 5 f g
2 B DHHIN . ©3 5 10° E
102 R B\FZZ\_;IH\V) ANERRRRNRNNNNNNNN k\\\ g{ AC& - E E
L N 3 = 1
N T 5 [
BN Q 5L —
10 Non-perturbative (g>4) § —— No truncation & S 10 B 3
= N —= Trunc. g=4n 3 = C N
- Dark matter | e o E S [ New gauge bosons i
| 1 1 IIlIII| 1 |§\1|1||| 1 1 ||||||| & '6 o v b v b b v b v v b v by
Ly 0 e 1 & 1095 20 25 30 35 40 45 50 55
m, [GeV] m, [GeV]
pp - G~ hh >bbbb
= RS (L B (A AnLE L | (AL (RS e T=
= [ ATLAS Bulk RS, ki, = 1.0 ] . . . .
2 [ leostev IL Sl 105 5" —o— ObServed Limit (95%CL) - Exotics Higgs production and decay:
e N N E ted Limit (95% CL) 7 : H
s | R i ] no significant access (yet?)
= 10°E Expected +2c E
T F Combining searches for resolved - Wind t hvsics?
£ L and boosted bb systems 1 INAOwW 10 neéw physIcs:
T 10p E
g = =
5 ]
T | IS B PRI PR S SR KII( .g.r,ayl.to.r‘l
600 800 1000 1200 1400 1600 1800 2000
Mg. [GeV]

arXiv:1506.00285
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Vector Boson + X Cross Section Measurements

af(y+X) [Ip?] <1.37]
_[1.52< 57| < 2.37]
of(Z > ee, up)
- [njet = 1]
= [jer 2 2]
- ["jet = 3]
- [njet > 4]
- [nb—jetZ 1]
- ["h—jetZ 2]
of4(Zjj ewk)
of(Z - 1)
of4(Z > bb)
oW = ev, uv)
- [njet = 1]
- [njet > 2]
- [njet > 3]
- ["jet = 4]
- [njet > 5]
= [Mjer=1, Np_jer=1]
— [Njer=2, Np_jer=1]
afid(Woev, uv)/ofid(Z—ee, uu)
= [Njer 2 1]
— [Njer > 2]
— [Mjer > 3]
— [Njer > 4]
o(W+Z - qq)

v

W/Z physics

Status: March 2015

SITY

JLdt
Reference

! I ! I ! I ! I
o =236.0+2.0413.0-9.0 pb (data)
JETPHOX (theory)

o =123.0+1.0+9.0
JETPHOX ( lheory

o =479.0 £ 3.0+ 17.0 pb (data)

SDD (data)

[
46 PRD 89, 052004 (2014)
46 PRD 89, 052004 (2014)

b
FEWZ+HERAPDF1.5 NNLO (theory)

o =68.84+0.13 + 5.15 pb (data)
Blackhat (theory)

ATLAS Preliminary
Run1 +/s=7,8TeV

o =15.05+0.06 + 1.51 pb (data)
Blackhat (theory)

o =3.09+0.03 + 0.4 pb (data)
Blackhat (theory)

0.035
4.6 JHEP 07, 032 (2013)
4.6 JHEP 07, 032 (2013)

PRD 85, 072004 (2012)

4.6 JHEP 07, 032 (2013)

o =0.65+0.01+0.11 pb (data)
Blackhat (theory)

o = 4820.0 +60.0 + 360.0 — 380.0 fb (data)

MCFM (theory)

o = 520.0 £ 20.0 + 74.0 — 72.0 b (data) LHC pp Vs=7TeV
MCFM (theory)

=54.7+4.6+ 9.9 - 10.5 b (dat -

¢ +PowhegBox (lheory)( @) TheOry

o =1690.0 + 35.0 + 95.0 — 121.0 fb (data) Observed
MC@NLO + HERAPDFNLO (theory) - sta

o =2.02+0.2 +0.26 pb (data) s{a{+syst

Powheg (theory)

o =5.127 £ 0.011 + 0.187 nb (data)
FEWZ+HERAPDF1.5 NNLO (theory)

o =493.8+ 0.5 +45.1 pb (data) LHC pp \/— =8 TeV

Blackhat (theory)

o =111.7+ 0.2+ 12.2 pb (data)
Blackhat theoryg Theory
r = 21.82+ 0.1 + 3.23 pb (data)
‘ Blackhat Ihegryg I- (s)tg?erved
o = 4.241 + 0.056 + 0.885 pb (data) Staf+syst
Blackhat (theory)

o = 0.877 £ 0.032 + 0.301 pb (data)
Blackhat (theory)

o =5.0+0.5=+1.2pb (data)
MCFM+D.P.. (theory)

o =22+0.2+0.5 pb (data)
MCFM+D.P.. (theory)

Ratio = 10.7 +0.08 + 0.11 da %\‘
FEWZ+HERAPDF1.5 NNLO (theory)
Ratio = 8.54 + 0.02 + 0.25 (data)
Blackhat (theory)

Ratio = 8.64 + 0.04 + 0.32 (data)
Blackhat (theory)

Ratio = 8.18 + 0.08 + 0.51 (data)
Blackhat (theory)

Ratio = 7.62 + 0.19 + 0.94 (data)
Blackhat (theory)

Lr*85+08+15pb(daa
\ACFM lheori/
1

4.6 JHEP 07, 032 (2013)
4.6 JHEP 10, 141, (2014)
4.6 JHEP 10, 141, (2014)
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7y
Forward-backward asymmetry in Z/y" = ||

EEE'E 1 ;2_ ATLAS App = ZE 9B ATLAS, e CC
0.80 'S=7TeV, 4.8fb" TFT OB ATLAS, e CF
0.6;— CF electron s 1 ATLA.S, "
0.4 +¥ ATLAS combined
0.2 v CMS

oF ﬁéf DO
_0_2;, _S_o —+— Data, full unfolding CDF
—0.4¢ “ | PYTHIA, Ziy'— ee LEP, ADP
—0.6 LEP, A%
= % SLD, A,
0] il T T LEP+SLC
—a | PDG Fit

70 80 90102 251 02
Mg [GeV]

e ATLAS has the ability to use forward electrons: pp,
CCee, CFee

e Uncertainty ~10x world average but only ~4x leadi
(discrepant) measurements

* 75% of the total uncertainty on A.; due to PDFs

Detour: ultimate precision measurement at LHC:

W mass with 6(m,,) < 10 MeV from p(l), m

* &(m,,) leading uncertainty in SM precision tests

* Dominant systematics from QCD (PDFs, p{(W))
- Drell-Yan measurements important to constrain

ATLAS-epWZ12

ng

HERAPDF1.5LO

MSTW2008

Carleton@

: ; 1]
— ATLAS -
B ———
B —-
- ——
-
o
| s=7TeV,48fb" b
| | @ |
0.225 0.23 0.235
. lept
Sinfe,
ATLAS
—(O——t
\s=7TeV,4.8f
CT10 —_—O—
—_——
—_——

PR T T SR ST S SN T AN SN T TN SN NN TN S SN ST SO S S
0225 0.227  0.229 0.231 0.233 0.235

lept

P2
sin eeﬁ

systematics! sin®@_;” = 0.2308 = 0.0005(stat.) = 0.0006(syst.) = 0.0009(PDF).
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W+jets production

* Testing theoretical models upto N

distributions
E FT I I I I I I T
= 10°ATLAS W(= ) + jets E
Z.‘ﬂl F anti-k, jets, R=0.4, < Data,7 TeV. 4.6 i 3
= F ; \s=7TeV, 4. 4
z 10 §_pT >30GeV, |y| <44 —— BLACKHAT+SHERPAS
© E —— HEJ 3
F —=— ALPGEN ]
10 —— SHERPA =
ot —%— MEPS@NLO E
1035— 3
E st 3
43 s =
F [ ] 1
105— 3
F Dominant == ]
e . 3
E exp. Syst. 3
ok JES, top u
t background
10°E
E | | | | | | |
0 1 2 3 4 5 6
Njets
A_>ﬁ |||l|l|||||||||||||||||I|I||I|ll|||||||||l|
Q_ﬁ I ATLAS W(— V) +>2jet T
§ [ anti-k, jets, R=0.4, 93‘3’7 TeV. 456 fo” 1
o] i \s=7TeV, 4.
T | P> 30GeY, VI<44 B sckHarsSHERPA
10°~Scaled Predictions HEJ 3
C —=— ALPGEN ]
T —+— SHERPA 4
r ™ —— MEPS@NLO ]
- H J
L)
L VN J
10

T T

| Many other =
L distributions
studied....

0 0.5 1 15
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=7 and p/¢=1TeV
* No model provides accurate description for all studied

; :IIIIIII]IIIIIIIIIIIIII|IIII|IIIIIII|IIIIIIIIIII:
& . .[ATLAS W(— ) +21jet ]
= 1T 2422 Data, E
[ antikjets, R=0.4, \s=7TeV, 461" 3
.g— 102 ‘_pJT > 30 GeV, |)/| <44 —~— BLACKHAT+SHERPA_'
% E Scaled Predictions ~ —e— BH+S Excl. Sum 3
2 E —+— LoopSim 7
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scalar sum of all identified j
..-L objects in the final state ]

ALPGEN+HERWIG: LO multileg (up to 5 extra partons)
SHERPA: LO multileg (up to 4 extra partons)
BLACKHAT + SHERPA: NLO
Exclusive sum approach: combine NLO W + n jets & W + 2n+1 jets
MEPS@NLO: Combine NLO (W + 1/2 jets) + LO multileg (up to 4 jets)
LoopSim: approx. NNLO

HEJ: approx. all order for W + 22 jets

e by b by

500 1000 1500

2000

Gabriella.Pasztor cern.)ch : Recent results from ATLAS M1Vl

Pred./ Data Pred./ Data
o
o

Pred. / Data

Pred. / Data

o

4 — BH+S 33 BH+S Excl. sum »
« +
- ATLAS
1 1 1 1 1
[T T T T T ]
4 - = LoopSim 2
VA I 2
Lz )
[ s
L e ]
T O SO 7
e e -+
[~ — ALPGEN -]
2 s "'-q-. 1
g L. g
_I 1 1 1 1 1 1 1 o
FHHHHHHHHHHHHHHHHHAHHEHH
- — SHERPA ]
e
TG L ]
I S
L 333 MEPS@NLY

AT R P R FEET FTTS PR P PG S 6

100 200 300 400 500 600 700 800 900 1000
p’_r (leading jet) [GeV]

| = BLACKHAT+SHERPA

-

| ATLAS

I YV .

T
| — HEJ

o
4"
s
)

p———

&

»

4> —_-—

=< MEPS@NLO

P U A S S S AN S SR S R T T

500

1000

1500

2000

H: GV



il
W+jets/Z+jets cross-section ratios

Carleton

UNIVERSITY

e Sensitivity for differences between Z+jets and W+jets

* Large cancellation of experimental uncertainties and non-perturbative QCD effects
Eur Phys J. C(2014) 74 3168

~, 18 . . . . . o S e —~
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 NLO pQCD calculations of BlackHat+Sherpa agree well in general with the data, except in specific
regions = large success of recent theory advances

e Still opportunities for further tuning
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Multi-boson production

Multiboson Cross Section Measurements  suius varch 2015 JLdt o erence
——————T— —— T ————T— [fb~7]
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Run 1 \/— 7 8 TeV arXiv:1407.1618 [hep-ph]
— [njee = 0] 7= 10 A ey @4 u =70 e 46  PRD 87, 112003 (2013)
ofd(Zy - tty) i ot 46  PRD 87, 112003 (2013)
arXiv:1407.1618 [hep-ph]
— [njer = 0] 71 ooy @ 46  PRD87, 112003 (2013)
ofd(Wyy — tvyy) =61+ Ll SR et DS | 203 arXiv:1503.03248 [hep-ex]
— [njee = 0] 7= 20 AL ooy, A 20.3  arXiv:1503.03243 [hep-ex]
o''d(pp->WV-trqq) o T RS R 46  JHEP 01,049 (2015)
ofd(WWHjj) EWK 7 G hegBox heory) | 20.3  PRL113, 141803 (2014)
o =51.9+2.0+4.4pb (data) PRD 87. 112001 (2013
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_ O.fld (WZ - [V[f) o =99.2 +M3C§:’\—A (3[.}994&3)0 —6.2fb (data) 1 30 ATLAS-CONF-2013-021
total - 6.71%%%\/?(31— 0.4)pb (data) LHC pp Vs=8TeV 4.6 JHEP 03, 128 (2013)
eory. . 3
o (pp—>22) r=11 ﬂgﬁg(ﬁég&bpb (data) Theory 20.3  ATLAS-CONF-2013-020
o =76.0+18.0 + 4.0 fb (data e
_ total Powheg (theor 4.5 arX!v.1 403.5657 [hep-ex]
o (pp—)ZZ—>4f) - igliéggwg%g f}égifté{@azai . -mmm= Observed 24063 3;Xé\;10430i.22i2£?§?—ex]
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WW cross-section

Z/y
.................. e e AT LAS-CONF-2014-033
ATLAS Prellmlnary I I o I . l ATLAIS Preliminlary I I q W
det: 20.31b" eross seclians SMWW J.Ldt= 20.31b" ; o .
\s=8TeV ete \s=8TeV
WwW - CT10 mm WW %"% er,f e
etpt MSTW2008 oM f ‘\L\
D + +
SM Prediction Cominod NnPDrR:s .é- - 71atj4(‘ 152tat55,0:::) ’ " "
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*  2.1c excess wrt SM prediction: oigt, =71.4 T12(stat) 73-9(syst) 72-2(lumi) pb.
. - : +3
Theory prediction by MCFM: 58.7_2_7 pb
— g0g/9g 2 WW NLO QCD (including off-shell bosons and decays)
* Large scale uncertainty 5-7% (but underestimated?)
* First NNLO (on-shell only) predicts 10% increase in cross-section, with similar scale
uncertainties: 54.8+3.7-2.9 = 59.7+2.2-1.8 @ 8 TeV, PRL 113 (2014) 212001
* NNLO includes gg > WW @ T
51 2000~ ATLAS Preliminary ' —4— Data -
— LOgg~> WW:1.4+0.3-0.2 pb 510000:_ ;fj:fjj:;jnj‘:?"'“”' = e 3
* higher order: factor 2-3 increase possible so0ok. E vchdeiMc E
— NNLO+NNLL QCD, NLO EW gg > H > WW : 4.1+ 0.5 pb soook- T E
* NLO EW corrections can be as large as 15% at high p; 4oooj::|_._ E
» Jet veto (to supress large tt background) subject to large QCD 2000, 1 3
uncertainty ﬁ% == S5 ]
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Wyy production

e First evidence for triple gauge boson production: >30 significance
* High di-photon mass region sensitive to new physics

*  Wyy production is particularly sensitive to f;,/A* ( £r.o

> F T T T 3 > f T 3
® - ® Data 4 2@ 70E ® Data -
g 35 ATLAS ] Wyy . COD - ATLAS — Wyy ]
Lo N Il Zy 1 w 60:— Bl Zy B
% 30 3 Wyj + Wjj EREP [ Wyj + Wijj ]
c E CJ vy +jets 1 € - Cd vy +jets ]
Q opF @ Other backgrounds @ 50~ [ Other backgrounds —
w C 1 W C ]
20 \s=8TeV,20.3fb" A 40F \s=8TeV, 20.3 b’ -
- electron channel (N> 0) ] C muon channel (N >0) ]
- 3 30 E
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10 E 20 -
- 10 g
777777 : — P—— QQ.AJ :
500 100 200 300 400 500
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Phys. Rev. Lett. 113, 141803 €
ohd [ﬂ’)] | o MCFN [fb] Tg [Tev4]
Inclusive (Njey > 0) NLO SM A
HUyy 7.1 T3 (stat.) £1.5 (syst.) 0.2 (lumi.) w
evyy 4.3 118 (stat.) T19 (syst.) £0.2 (lumi.) | 2.90 £0.16 ag [TeV'2]
lvyy 6.1 T1) (stat.) £1.2 (syst.) £0.2 (lumi.) A2
Exclusive (Njey = 0)
HUYY 3.540.9 (stat.) T1:} (syst.) £0.1 (lumi.) W
evyy 1.9 T11 (stat.) 13 (syst.) £0.1 (lumi.) | 1.88 4 0.20 ay 2
108 F10 . > [TeV™]
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1.90 excess in inclusive measurement
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WiWijj production

Vector-boson scatterlng

30 June 2015

prujj Candidate Event

mji=2800 GeV

Other EW productlon QCD production

280 ET [GeV]

|Ayii|=6.3

180 3

1 EXPERIMENT

Run Number: 207490, Event Number: 33152138

Date: 2012-07-26 04:16:35 UTC
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» Rare process, require forward jets

+ () °
W=*W?43jj production
* Higgs regularises longitudinal VBS cross-section in SM - ¢
* VBS region is sensitive to new physics
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20— . [ Prompt 7 0'4:_ K-matrix unitarization
C I Conversions ] - B
- : BN Other non-prompt 1 0'2: ]
15 : ] ol 7
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203 fb-1’ \S=8 Tev NLO, PO\\IIVVYlVEG-BOX. CT10 203 fb-i,\ S=8 TeV NLO, PO‘\AAII‘I{ivEG-BOX. CT10 £4 - a4 ['I‘r (VIJ, VV)]
e'et e'e’ (4) _ w12
2.0+1.5+05(fb] 0.4+ 1.0+4.0 [fb] £5 = &5 [Tr (VPV )]
et et )
214 0.7+ 0.3 [fb] 1.3+ 0.6+0.25 [fb] for the WWWW-Vertex:
it it fs,0 v
22+0.9+0.2[fb] 1.7+ 0.8+ 0.15 [fb] oy = F §
Combination Combination ———————ae
214 0.5 +0.3[fb] 4.50 1.3+ 0.4+ 0.2 [fb] 3.60 fS 1 ,U4
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charm
(1300 MeV)

strange
(100 MeV)

Top physics

top
(172000 MeV)

bottom
(4200 MeV)

Heaviest known elementary particle
Coupling to Higgs ~O(1)
- Closely connected to EWSB

In BSM models, such as technicolor or
other scenarios with strongly coupled
Higgs sector, top couplings can be
modified

- Measure top couplings directly
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Top mass

ATLAS+CMS Preliminary my,, summary, (s=7-8 TeV TOPLHCWG
------- World Comb. Mar 2014, [7]
stat®JSF@bJSF — stat®JSFObJSF
total uncertainty —— = = total uncertainty
. My, * tot. (stat@JSF@bJSF = syst) 1s Ref.
ATLAS, I+ets (*) — o 172.31+ 1.55 (0.75 = 1.35)  77ev [1]
ATLAS, dilepton (*) — O —] 173.09 + 1.63 (0.64 = 1.50) 77Tev [2]
CMS, I+jets - — 173.49 = 1.06 (0.43 = 0.97) 77Tev [3]
CMS, dilepton — . =— 172.50 + 1.52 (0.43 + 1.46) 77Tev 4]
CMS, all jets — e — 173.49 = 1.41 (0.69+ 1.23) 77ev [3]
LHC comb. (Sep 2013) | 173.29 + 0.95 (0.35 + 0.88) 7Tev [6]
World comb. (Mar 2014) e 173.34 + 0.76 (0.36 + 0.67) 1.96-7 TeV [7]
ATLAS, l+jets = o = 172.33 £ 1.27 (0.75 + 1.02) 77Tev [g]
ATLAS, dilepton b—=ie-i—i 173.79 £ 1.41 (0.54 £ 1.30) 77Tev [g]
ATLAS, all jets e —-1751:1.8 (142 1.2) 7TV [9]
ATLAS, singletop  F——i—e -——I 1722+ 2.1 (0.7 £ 2.0) 8 TeV [10]
ATLAS comb. ([312010)  1-es 172.99 = 0.91 (0.48 = 0.78) 77ev 5]
CMS, l+jets —e— 172.04 £ 0.75 (0.18 £ 0.74) s8Tev [11]
CMS, dilepton —o—+ 172.47 £ 1.41 (0.17 £ 1.40) s8Tev [12]
CMS, all jets e 172.08 = 0.89 (0.37 = 0.80) 87Tev [i1]
CMS comb. (Sep 2014) e : 172.38 = 0.65 (0.14 = 0.64) 7.5 7oV [11]
[1] ATLAS-CONF-2013-046 [7] arXiv:1403.4427
May 2015 e s o s 7 ot 5
(,) Superseded by results [4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055
. [5] Eur.Phys.J.C74 (2014) 2758 [11] CMS PAS TOP-14-015
shown below the line : 6] ATLAS-CONF-2013-102 [12] CMS PAS TOP-14-010
RN I T N T N (N TN Y 0 S AN S SN AN SO SN ANN N A

arXiv:1503.05427
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== Best fit background
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data, l+jets

Uncertainty
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ATLAS Preliminary

Top quark pole mass determinations
compared to direct measurement

165 170 175

Mgp [GeV]

180 185

Measurement from many channels
Dominant systematics: jet energy scale
Theory question: what is top mass?
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DO approx NNLO: MSTW08, 1.96 TeV 2009 169.1 +:

DO approx NNLO: MSTWO08, 1.96 TeV 2011 167.5???

CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 17677
ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 + 26
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 + 26
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 17297
ATLAS NLO: fi+1 jet, 7 TeV 2014* 17377
Direct reconstruction LHC+Tevatron 2014 173.3 +£ 0.8
R R R BN B S B

140 150 160 170 180 190
m " [GeV]
33
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10°

Inclusive tt cross section [pb]
=
N

-}
= ¥ Tevatron combined* 1.96 TeV (L=8.8 i)

- ® CMS dilepton 7 ToV (L=2.3 16"

~ ® ATLAS dilopton 8 TeV (L=20.3 fb")

L L L) T T T T Trrr T T T T rrrr | L L L L L LT
| J | I I I Z

8 ATLAS diepion 7 TeV (Le4.6 fo) ATLAS+CMS Preliminary May201s 3

O ATLAS lojels* 7 TeV (L=0.7 fb') TOPLHCWG

O CMS l+jets 7 TeV (L«2.3 ")

® CMS dilepton 8 TeV (L=5.3 1t")
* LHC combined ey1* 8 TeV (L=5.3-203 1)

Top production

Carleton

UNIVERSITY

= O ATLAS l+jets 8 TeV (L«20.3 f6) T T 1
= O CMS l+jets® 8 TeV (Le2.81b") : . . .
, C - roninay ~ 250f * 1 * Measured in many different final states
- 714 e« Total cross-section well-described by NNLO+NNLL
10 200r 11 + Differential (resolved and boosted) cross-sections are
F ) - * ] important to understand the tt process
B NNLOsNNLL (pp) . o1 . .
S NNLOANLL (e) 7 g | * ttis main background for many searches
Czaken, Fiedler, Mitov, PRL 110 (2013) 252004 9 . . . e .
i NanTRONIT G R IROE | Improved modelling uncertainties help sensitivity of
2 38 4 5 6 7 8 9 searches (e.g. |+jets tt resonance search in this talk)
\s [TeV]
Particle level p; of the boosted jet ATLAS-CONF-2014-057
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Q) - \A ® ALPGEN + HERWIG (O] - @y O ALPGEN + HERWIG
o ~
8 3'—‘“ = MC@NLO + HERWIG = oL = H MC@NLO + HERWIG
o TE B\ A POWHEG + HERWIG - B IAY%Z A POWHEG + HERWIG
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Single top production

f
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EW process
via Wtb vertex

—h
o
o

~2QQQQQ0Q0Q T—>——

g t -
At B
b \''A
—— VWWWW\~ 20—

s-channel L

~ ATLAS + CMS Preliminary TOPLHCWG
| Single top-quark production Jan 2015

)]
o
|

Total inclusive cross-section [pb]
0]
o
|

N
)
|

Ao :

ATLAS t-channel -
PRD90(2014) 112006, ATLAS-CONF-2014-007

CMS t-channel —
JHEP12(2012) 035, JHEP06(2014) 090

ATLAS Wt production
PLB716(2012) 142, ATLAS-CONF-2013-100 —
CMS Wt production
PRL110(2013) 022003, PRL112(2014) 231802 -
LHC combination, Wt production
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009 — |

ATLAS s-channel, 95%C.L. =
ATLAS-CONF-2011-118, arXiv:1410.0647

CMS s-channel, 95%C.L. =]
CMS-PAS-TOP-13-009

4 <4 % o o

=== NNLO arXiv:1404.7116 —
m, = 173.2 GeV, MSTW2008nnlo

scale uncertainty

=== NLO+NNLL PRD83(2011)091503,
PRD 82 (2010)054018, PRD 81(2010) 054028 —
m, = 172.5 GeV, MSTW2008nnlo
Wit production: tt contribution removed —
scale ® PDF & o, uncertainty,

= NLO arXiv:1007.3492, 1406.4403 —
M= 172.5GeV, Ho= =My,
CT10nlo, MSTW2008nlo, NNPDF2.3nlo (PDF4LHC)™]
Wt production: p: veto for tt removal= 60 GeV
and He= 65 GeV
scale uncertainty

scale ® PDF @ o, uncertainty

All exp. results are w.rt. m.= 172.5GeV —

a
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ttV production

Carleton
Direct search for ttZ, ttW production Direct search for tty production
in three final states: 210S, 2ISS, 3l in l+jets+y final state
—~ 5 T T I T T T I - T .l T I T T l T T T | T T T | T T T | > 2 I L | LI | T T | L | LI | L | T 17T | T T T ‘ LI T T I_
H_,N:,- - ATLAS Preliminary § Y ATLAS Best Fit _ 8 10" aTLAS Electron channel 3
- rilepton+ est Fi - L i —- Data ]
= \ % Trilepton+SS Best Fit g i Dat
= u _[L di = 20.3 fb™! \ Y OS Dilepton Best Fit ] 1] C [1s=7TeV, JL dt =4.59 fb [ Signal ]
© 4] - ey \ —— ATLAS 68% CL ] S [y background
~ ~\s=8TeV § ----- ATLAS 95% CL - > B [J Hadron fakes I
© - 1S = N NLO calculation* - e L < 3 Total uncertainty from fit _|
\ 77/ HZ Theory uncertainty | 10 F =
§ X\ fiW Theory uncertainty _| B S 4
N . C _— < ]
% ] B §§\;§::::.§ N
.~ N : 1 E \\ N N
% ’/%% s - SN \
7 - \
B ._-_-_-:.’—::". i Al e e L s SSSENNRNNNRNNNAAN
- el X . ] 0274 6 8 10 12 14 16 18 20
E -------- §§:*-6e;n-1[;t;eh(-2;);é):K-a-rc-Jos(2011),Garzel|i(2011,2012) E ) p$° [GeV]
e e Yy S Observed with 5.30 (e+u channels combined)
_ T T T | T T T | T L | T T T T | T T T T T T T T T T T T
G/ og, (ttW) ATLAS —4— Data
\s=7 TeV, J-L dt=4.59 o |:| Theoretical uncertainty
Trilepton and same-sign dilepton channels
Electron channel ——e—— 761 (stat) *?2 (syst) = 1 (lumi.) fo
Assumption Process | Signal Strength || Observed o= | Expected o
Muon channel ——— 55 'y (stat) *1* (syst) + 1 (lumi.) fb
SM o(ttz)/o(ttW) A% 0.915927 4.6 4.6
+'0 6 Combined —.—— 63 + 8 (stat.) *)7 (syst.) * 1 (lumi.) fo
SM o(tt2) tw 1.31755 3.0 2.3
SM C(ttW) ttZ 072t8;2 2.8 34 Theoretical prediction o= 48 +101b
111 1 | 111 | | | | I I | 1111 | 1111 | | I | | I
ATLAS-CONF-2014-038 1100 50 0 50 100 150 200 250 300

o x BR [fb]
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Spin correlation and limits on SUSY

* Measurement of the correlation of the spins of the top and anti-top quarks in tt
production provides a precision test of the SM and sensitive to new BSM physics

 Fit azimuthal angle difference between the charged leptons:
fou*PDF(SM)+(1-f.,,)*PDF(no correlation) = f,, = 1.2 £ 0.05 (stat) £ 0.13 (syst)

* Spin correlation strength: A, gy = (Naa-Np )/ (NA N4 L) = Arglicity,sm ™ fsm = 0.38 £0.04
e Constrain BSM models, e.g. SUSY

Phys. Rev. Lett. 114, 142001 (2015)
[ "T"' L Bl M "T R B Tvrrjoey T

= 160005 o Bam — = = ettt Bttt it /
2 14000F. s ATLAS - Q ; ATLAS
5 ooop LJsw 's=8TeV,20.3fb" = 100 el s -8 TeV, 20310
o - . , 20.
m 12000} : :tt(A=0) . @) i ]
Eo B 0 | fasss Expected * 1 s.d. m.. =1 GeV |
10000~ [ Background I S I " .
8000 | [tf,180Gev [ — S)\ 80? Expected + 2 s.d. 7]
- — - Fit — = 4= L e
GOOOE . ———— E " 7 NLO+NLL prediction
4000 g T 4% eob :
2000 . Q :
e P e T S L= g
0 & 400 .
1.2F ’ ! ! = [N I
1 15 ‘ ) E :’:_QN.:&..,,:' -------------------------------------- 1
o -F - - 20-_ ......... T \-L ............... 1
© 1F " e oy .\"\ ............
B 0.9; - e TR R e,
0,85 oL2A 2= » ?
0 180 190 200 210 220 230
Ao [rad]/ = [G V]
m- e
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tt production at 13 TeV

- -
. Run: 266919
=i proton-proton collisions at Event: 19982211

13 TeV centre-of-mass energy 2015-06-04 00:21:24

4 jets with p=25 - 80 GeV




<

DA (o
Simultaneous tt, WW, Z-> 1T measurement t'

Carleton
Phys. Rev. D 91, 052005 (2015)
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volume) o't [fb] o' [fb]
* Correlationsdueto  __ - , |
. = ABM11-NLO — T T — —
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account T - . NNPorE o % g 1 300? NNPDF23-NNLO N
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. 1 100j ] 1100 & i
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Jet physics

Inclusive Jet Cross Section Measurement Status: March 2015

Incl. jet R=0.6, |y| < 3.0
-1yl <0.5,0.1 < pt <2TeV
-05<]y]<1.0,0.1 <pr<2TeV
-1.0<]y|<1.5,0.1 <pr <2TeV
-15<]y|<2.0,01 <pr<2TeV
-2.0<]y|<25,01<pr<09TeV
-25<]y|<3.0,0.1 <pr<05TeV
Incl. jet R=0.4, |y| < 3.0
—lyl <0.5,0.1 < pt <2TeV
-05<]y]<1.0,0.1 <pr <2TeV
-1.0<]y|<1.5,0.1 <pr <2TeV
-15<]y|<2.0,0.1 <pr<2TeV
-2.0<]y|<25,0.1 <pr<0.9TeV
-25<]y[|<3.0,0.1 <pr<0.5TeV
Dijet R=0.6, |y| < 3.0, y* < 3.0
-y*<0.5,0.3 <m;<43TeV
-05<y*<1.0,0.3 <m; <43TeV
-1.0<y* <1505 <m;<4.6TeV
-1.5<y*<2.0,0.8<m;<4.6TeV
-20<y* <2513 <m;<5TeV
-25<y*<3.0,2<m <5TeV
Dijet R=0.4, |y| < 3.0, y* < 3.0
-y*<0.503 <m;<43TeV
-05<y*<1.0,0.3 <m; <43TeV
-1.0<y* <1505 <mj<4.6TeV
-1.5<y*<2.0,0.8<m;<4.6TeV
-20<y*<25,1.3 <m;<5TeV
-25<y*<3.0,2<m <5TeV
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I ! 1
o =712.3+1.9479.9 -76.0 nb (data)

o =187.0+ 0.9+ 15.1 — 15.0 nb (data)
o =172.7+0.9 4+ 15.9 — 14.3 nb (data)
o =139.8+0.9+16.5-16.2 nb (data)
o =105.5+0.7 + 16.0 — 15.2 nb (data)
o =69.7+0.6 +13.5-12.7 nb (data)

o =37.5+0.4+ 9.4 -8.4 nb (data)

o =563.9 +1.5+55.4 —51.4 nb (data)
o =145.1+0.8 +10.7 — 10.6 nb (data)
o =136.9+0.8+10.9 — 10.5 nb (data)
o =112.2+0.7 + 11.0 - 10.2 nb (data)
o =83.5+0.6+11.1-9.7 nb (data)

o =57.1+0.4+10.4-9.1 nb (data)

o =29.13+0.31 + 7.5 - 6.38 nb (data)
0 =119.0 £ 0.4 + 10.9 — 10.3 nb (data)
o =48.21 + 0.23 + 4.03 - 3.8 nb (data)
o =51.47 + 0.32 4 4.76 — 4.44 nb (data)
o =13.82+0.11 + 1.44 — 1.42 nb (data)
o =4.93+0.06 + 0.69 — 0.65 nb (data)
o = 505.0 +15.1 + 102.4 — 92.4 pb (data)
o =269+42+7.7-6.4pb (data)

o = 86.87 +0.26 + 7.56 — 7.2 nb (data)
o = 35.47 +0.15 + 2.79 — 2.66 nb (data)
o =37.33+0.2+ 3.25 - 3.03 nb (data)
o =10.12+0.07 + 1.02 — 1.03 nb (data)
o = 3.57 +0.04 + 0.51 — 0.49 nb (data)
o =371.0+9.7 +81.5 - 72.1 pb (data)

o =16.0+2.0 + 5.4 — 4.3 pb (data)
| 1 1

0.4 0.6

0.8

1.0

LHC pp Vs=7TeV

Theory NLOJet++, CT10
Observed 4.5 fo?

B
Incl. jet: arXiv:1410.8857 [hep-ex]
Dijet: JHEP 05, 059 (2014)

ATLAS Preliminary
Runi +/s=7TeV

1.2 1.4 1.6

observed/theory
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Jet phvsics . @
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Are there new forces? Are there hidden dimensions?
w :
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Inclusive searches within MSUGRA

MSUGRA/CMSSM: tan(f)

=30, A0=-2m0,u>0

Status: ICHEP 2014

Ly 1000 | | | I IL_ | | | | | | | | | I | | | | | | | | I | | | |
2 = T \ -~ SUSY B
8 7 el 95% CL limits. o not included. .
= —LSP m
R ATLAS\PreIImlnary ~- P g opion, 2.6 eis E
g N j Ldt=20.1- \20 7' s=8Tev | T prUe Ak 1a0s7ens _
E P 0-lepton, 7-10 jets _
\. mmm Observed e
- \ Expected arXiv: 1308.1841 -]
- R \ o 0-1 lepton, 3 b-jets =
800 __ - ‘\_ wes Observed iy, 1507.0600 : —_
B IR SR ~ = Bxpected 4_jonton + jets + MET i
B \ "= e Observed A7) AS.CONF-2013-062 _
— \\ ! == Brxpected 4 5 taus 4 0-1 lept. + jets + MET
700 — \.\ —Sbsef‘/e: arXiv: 1407.0603 —]
E ' xpected 5553 leptons, 0 - > 3 b-jets ]
- Observed iy 1404.2500 _
600 — —
500 —
400 —
300 —
1
0 1000 2000 3000 4000 5000 6000
m, [GeV]

Many complementary inclusive searches...
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Searches for stop

1,1, production, ;- b f ¥ [ /{,> c I I > WB X, /{5 t ] Status: Feb 2015
;‘ 600 '-l T 11 l T 1 1T 1 l LI L I LI L l l I L I | l LI I 1 l—
8 - ATLAS Preliminary L, -20f" s=8TeV L,=47M" s=7TeV -
— ~ Emiot x oL [1406.1122] ol [1208.1447) =
I - =m l = 1 1L [1407.0583) 1L [1208.2550] i
E 500 _— -1 -t z 2L [1403.4853). 2L [1412.4742) 2L [1209.4186) __:
B —.l —)be‘ 1L [1407.0583), 2L [1403.4853) N
B o ! —C z| OL [1407.0608) =
[ - L, bffy 0L [1407.0608). 1L [1407.0583) [
400}— 3 5
~ = Observed limits ===+ Expected limits _ E
[~ All limits at 95% CL
L ,, P ZiL
300} > /& > ) >
B P ‘§ @« c ' b %
» ; m [GaV
200 | 4N 0 L -
- .\ -
v\
n v\ _
- \ .
. \\
» R
: | E i
\\l —
0 '
700
m; [GeV]

From the measurement of the spin correlations in di-lepton tt events

(‘clever trick' to fill the gap)

Gaps in the exclusion come from cases where the stop signal looks like

background, either tt or WW - “stealth stop”
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Light stop needed for SUSY to
solve the Higgs mass fine-tuning
in the SM

Assuming m(t~)<m(x*,),
four decay modes separately
considered with BR=100%
1) t~ 2> ty%
2) t~ > Wby~
for m(t~)<m(t)+m(x°,)
(off-shell top, 3-body decay)
3) tv2>cx%
(flavour changing 2-body decay)
4) t~ > ffby,
(off-shell W / 4-body decay)

Overlay contours
belonging to different stop
decay channels, different
sparticle mass hierarchies,
and simplified decay

scenarios!
44
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Searches for electroweak SUSY production

Carleton
ATLAS Preliminary 20.3 b /s=8 TeV Status: Feb 2015
— 600 — ) )
% - — XX via L/ v, 3L, axivita27020 = === Expected limits Thegre‘ncal Slgn.al FFOSS
(-02- | = X%, via L/V, 21, arXiv:1403.5294 —— Observed limits iSGC‘L'IOI’\ uncertainties not
=3 - —— X0 via T/ ¥, 3L, arXiv:1402.7029 Al i o CL included
g 500 | —— %8 via T/ ¥, >21, arXiv:1407.0350 imits at 95%
- XX, via T/ V, >21T,  arXiv:1407.0350 Four decay modes
| — )Nc?cg via WZ, +2+I+3L, arXiv:1403.5294 separately considered
400 — )E;)’Zg via VV\\II:;V Ibb+|yy+|‘|‘+3|.|, arXiv:1501.07110 with BR=100%
— A, Vi , 21, arXiv: . +
B X%, via Xiv:1403.5294 1) 1> v,
B X% 21x° / 2vx®
300 2) Xt > X%
x%=> 2ty / 2vx°,
3) x> W* x°%
x> 2x%
200 1) 3= WE 2,
X%~ hx°
100 For x*,x°:
- m(x*)=m(x°,)
m(l~ /v~ /)
=% (m()(i1)+m()(01))

p
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Searches for long-lived SUSY particles i

Carleton
g R-hadron — g/qq ’)2? ; my° =100 GeV Status: June 2015
= 2000 - . ——— — Split-SUSY scenario
e B Dlsplaceizd vertices arXiv:1504.05162 - «©O= - Expected limits ith a | lived
O, | —®— Jets+E7""°  arXiv:1405.7875,ATLAS-CONF-2014-037 Observed limits with a long-live
1> 1800 — Pixel dE/dx arXiv:1506.05332 ey : gluino R-hadron
S _ @ Stablecharged  arXiv:1411.6795 95% CL limits. 655, NOtincluded
S N Stopped gluino  arXiv:1310.6584 18.4-20.3 b, \s=8 TeV .
2 1600 — ATLAS Preliminary Also showing for
= - : : comparison the limits
g 1400 |-* ¢ : : P : for prompt decay and
S - i i i o stable particle
1200 |~ : i i v : )
C ; , P : Split SUSY offers
1000 :_ . Dark.matter
[ ; ] o candidate
800 }5 ! i * Gauge unification
3 : - '3 but does not solve
600 _—'l 5 3 . N>=mo @ naturalness
E|||||||| | ||I|||||; | I||||||| | Iéllllll ;I Iilllllll | |||||||| | |||||||| | Ii
102 10" 1 10; : 102 10°  10* Light gauginos,
(r for n=0, By=1) Beampipe ;Inner Detector, Calo MS 7 [ns] higgsinos
covonl vl Iilllllll L1 |||||||: L1 lilllli ool vl il Heavy graVitinO,
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* Gluinos are light but squarks are very heavy = gluino long-lived (decays via extremely virtual squark)
* Long lived gluino is coloured = forms R-hadron bound states with quarks/gluons
* Gluino decays to 2 quarks and the LSP with a lifetime depending on the squark mass
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Mass limits in SUSY searches

A huge number of SUSY searches in run-1,
ATLAS SUSY Searches* - 95% CL Lower Limits

Carleton
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but with no evidence of a signal
ATLAS Preliminary

Status: Feb 2015 Vs=7,8TeV
Model &y Jets ENT [Laqm™] Mass limit Reference
T T T — T T T T —
MSUGRA/CMSSM 0 2-6jets  Yes 203 |4Z 1.7TeV. m(g)=m() 1405.7875
3, G—qt) 0 26jets  Yes 203 |4 850 GeV m(¥))=0 GeV, m(1* gen. §)=m(2" gen. §) 1405.7875
e q~>qX| (compressed) 1y O-1jet  Yes 203 |[q 250 GeV m(g-m(¥}) = m(c) 1411.1559
S & gﬂqq)ﬁ 0 2-6jets  Yes 203 |z 1.33 TeV m(©)=0 Gev 1405.7875
§ 88, 3—qeli ﬁqu%, 1epu 3-6 !ets VYes 20 |2 1.2 TeV m((\:/(,])<300 GeV, m(¥*)=05(m(¥})+m(z)) 1501.03555
o 88 goqqll]tv/v)X) e 0-3 jets - 20 |2 1.32 TeV m(¥})=0 GeV 1501.03555
o GMSB (7 NLSP) 1-2740-1¢ 0-2jets  Yes 20.3 & 1.6 TeV tang >20 1407.0603
g GGM (bino NLSP) 2y - Yes 203 |2& 1.28 TeV mM)>5o GeV ATLAS-CONF-2014-001
S  GGM (wino NLSP) Teu+y - Yes 48 |& 619 GeV m(¥})>50 GeV ATLAS-CONF-2012-144
£ GGM (higgsino-bino NLSP) Y 1h Yes 48 |& 900 GeV m()>220 GeV 1211.1167
GGM (higgsino NLSP) 2eu(Z) 03jets Yes 58 [ eoorGevl m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 20.3 F'2 scale 865 GeV m(G)>1.8 x 107 eV, m(z)=m(g)=15TeV 1502.01518
g §obY 0 3b  Yes 201 |z 1.25 TeV (¥)<400 GeV 1407.0600
88 gt 0 7-10jets  Yes 203 |2 1.1 TeV mm) <350 GeV 1308.1841
= & i 0-1epu 3b Yes 201 |z 1.34 TeV m(¥})<400 GeV 1407.0600
LRy 0-1en 3b Yes 201 |& 1.3 TeV m(¥})<300 GeV 1407.0600
e bibi, bi—bt) 0 2b Yes 201 |B 100-620 GeV m(¥})<90 GeV 1308.2631
<8 biby, byttt 26,u(SS)  03b  Yes 203 |B 275-440 GeV m(t;)=2 m(t}) 1404.2500
S8 ni, h-bit 12epu 12b  Yes 47 |#[410-167Gev 230-460 GeV. ()zi) = 2m(¥)), m(F})=55 GeV 12092102, 1407.0583
88 i, f—wolor &Y 2eu  02jets  Yes 203 |h@ 90-191 GeV 215-530 GeV. %=1 GeV 1403.4853, 1412.4742
S8 iy, ko) 0len  1-2b  Yes 20 |% 210-640 GeV. mM):W Gev 1407.0583,1406.1122
%g Ay, ol 0 monodetetag Yes 203 |G 90-240 GeV (i )-m(i)<85 GeV 1407.0608
; % fi7 (natural GMSB) 2e,u(2) 1b Yes 203 |i 150-580 GeV m(E})>150 GeV 1403.5222
b, h—h +Z 3eu(2) 1b Yes 203 | 290-600 GeV m(})<200 GeV 1403.5222
Tirlig, (00 2eu 0 Yes 203 |7 90-325 GeV m()=0 Gev 14035294
XL, X - (L) 2e,pn 0 Yes 203 X} 140-465 GeV m(¥))=0 GeV, m(Z, 7)=0.5(m (¥} j+m(¥})) 1403.5294
i )?1)?], X —tv(r#) 27 - Yes 203 | % 100-350 GeV m(¥})=0 GeV, m(z, (M} )+m(ED)) 1407.0350
ug_, 2 )(l)m quszz(w) oVTLLG) Seu 0 Yes 203 | X0 700 GeV (¥ )=m(F3), m(¥)=0, m(Z, 7)=0.5(m(¥} )+m(¥1)) 1402.7029
© )(l )(ﬁ_>w)(] z)(l 23ep  02jets  Yes 203 |MpA, 420 GeV m)= )(,) m()(“) 0, sleptons decoupled | 1403.5294, 1402.7029
)(le—»W)(lh)(l, h—=bb|WW/ttjyy &MY 0-2b Yes 20.3 )?,t,)-fz 250 GeV m(¥;)=m(¥3), m(¥})=0, sleptons decoupled 1501.07110
B0, 105 =Tkl 4o 0 Yes 203 | %, 620 GeV m(E3)=m(3), m(¥1)=0, m(Z, 7)=0.5(m(¥3)sm(F}) 1405.5086
Direct X1 X} prod., long-lived ¥7 ~ Disapp. trk 1 jet Yes 203 | % 270 GeV m(E;)-m(E})=160 MeV, 7(¥)=0.2 ns 1310.3675
g @ Stable, stopped  R-hadron 0 1-5jets  Yes 279 |& 832 GeV m(F})=100 GeV, 10 us<7(2)<1000 s 1310.6584
S0 Stable g R-hadron trk - - 19.1 |2 1.27 TeV 1411.6795
25 GMSB, stable 7, 1}~ p+r(e.p) 124 - - 191 | # 537 GeV 10<tang<50 14116795
S Q GMSB, &]-yG, long-lived ¥} 2y - Yes 203 | 435 GeV 2<2())<3 ns, SPS8 model 1409.5542
33, X —>qqu (RPV) 1y, displ. vix - - 203 |4 1.0 Tev 1.5 <cr<156 mm, BR(x)=1, m(¥})=108GeV | ATLAS-CONF-2013-092
LFV pp—v; + X, Vr—e +u 2ep - - 4.6 Ve 1.61 TeV 24,,=0.10, 13,=0.05 1212.1272
LFV pp—v; + X, 7 —oe(p) + 7 Teu+t - - 46 Ve 1.1 TeV A31,=0.10, A;2)33=0.05 1212.1272
~  Bilinear RPY CMSSM 2e,u(SS)  03b Yes 203 |@.% 1.35 TeV m(@)=m(g), ctisp<1 mm 1404.2500
QA oW W oeen, qm,  4ept - Yes 203 |# 750 GeV m(E)>0.2xm(E5), A1z 20 1405.5086
« X W ) st e, Beu+T - Yes 203 | 450 GeV m(E})>0.2xm(¥%), ;3320 1405.5086
&—qqq 0 6-7 jets - 203 |2& 916 GeV BR(1)=BR(h)=BR(c)=0% ATLAS-CONF-2013-091
gt fi—bs 2e,u(SS) 03b  Yes 203 |% 850 GeV 1404.250
Other Scalarcharm, et} 0 2c Yes 203 |¢ 490 GeV m(¥})<200 GeV 1501.01325
FoTTev FoaTev - L L L M | . L . M
= e = e -
full data - full data 10 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Assuming 20-25% uncertainty on total background rate based on Run-1 analysis experience
30 evidence above the Run-1 limits cam be obtained with less than 5/fb of 13 TeV data
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Beyond SUSY

ATLAS Exotics Searches” - 95% CL Exclusion ATLAS Preliminary 9,?}{'!‘2‘59}}

Status: March 2015 fL dt = (1.0-20.3) fbt \/5 =7,8TeV
Model £y Jets ET™ fraum] Mass limit Reference
WL | " " L | " " o TTr] ' i L

ADD Gyx + &/q - >1j Yes 203 n=2 1502.01518
ADD non-resonant ££ 2e,pt - - 203 n=3HZ 1407.2410
ADD QBH — £q Tep 1j - 20.3 n==6 1311.2006
®  ADD QBH - 2j - 20.3 n=6 1407.1376
S ADD BH high Ny 21(89) - - 20.3 n =16, Mp =3 TeV, non-rot BH 1308.4075
B ADDBHhigh 3. pr Slep  =2] - 203 =6, Mp =3 TeV, non-rot BH 1405.425
g ADD BH high multijet - >2j - 20.3 n =6, Mp =3 TeV, non-rot BH Preliminary
§  RSIG - 2ep - - 20.3 kMg =01 1405.4123
© RS1 Gk — vy 2y - - 20.3 kiMg =01 Preliminary
X Bulk RS Gyi — ZZ — qqtt 2ep 2j11d - 20.3 kMg =1.0 1409.6190
W BUKRS G — WW s qaty 1ep  2j/1J  Yes 203 /M =1.0 150804677

Bulk RS Gy — HH — bbbb - 4b - 195 | Gk mass 590-710 Gev [ k/Mer =1.0 ATLAS-CONF-2014-005

Bulk RS gxx — tt lep >1b>1J12) Yes 203 BR=0.925 ATLAS-CONF-2015-009
2UED/RPP 2e,u(SS) 21b,>21j Yes 20.3 Preliminary
» SSMZ'-u 2ep - - 203 1405.4123
S SSMZ ot 27 - - 195 1502.07177
o ssMW - Tep - Yes 203 1407.74%4
Q EGM W' — WZ — &y &8/ Bepu - Yes 203 1406.4456
g) EGM W' — WZ — qqtt 2ep 2ji1d - 20.3 1409.6190
g HVT W' — WH — &vbb Tlepu 2b Yes  20.3 gv=1 Preliminary
O LRSMW, - tb lep 2b01j Yes 203 1410.4108
LRSM W[Q — th Oept >1b1J - 20.3 1408.0886
- Cl gqqq - 2j - 17.3 Preliminary
QO  Clgqgtt 2ep - - 20.3 n=-1 1407.2410
Cl uutt 26,1(SS) 21b,>1] Yes 20.3 [Cul =1 Preliminary
=  EFT D5 operator (Dirac) Oep >1j Yes 203 at 90% CL for m(y) < 100 GeV 1502.01518
Q  EFT D9 operator (Dirac) Oepu 1J,<1) Yes 203 at 90% CL for m(y) < 100 GeV 1309.4017
o Scalar LQ 15 gen 2e =2j - 1.0 | LOmass 660 GeV A=1 1112.4828
2 Scalar LQ2" gen 2p >2j - 1.0 | LGmass 685 GeV p=1 1208.3172
Scalar LQ 3 gen leplr 1b1j - 47 | LQmass 534 GeV A=1 1303.0526

VLQ 7T - Ht + X, Wb+ X lep =>=1b=>3] Yes 203 isospin singlet ATLAS-CONF-2015-012
§'§<: VLQTT - Zt+ X 2z3e,pu  22x1b - 203 Tin (T,B) doublet 1409.5500
&‘} g VLQBB - Zb+ X 2[>3e,pu  221b - 203 Bin (B,Y) doublet 1409.5500
L& viQBB— Wt +X lepg >1b>5] Yes 20.3 isospin singlet Preliminary
Tsj3 — Wt lep =1b=>5] Yes 20.3 Preliminary
« Excited quark ¢* — qy 1y 1j - 20.3 only u* and d*, A =m(q") 1309.3230
B S Exctedquark ¢ — qg - 2j - 203 only u* and &, A = m(q") 14071376
E E Excited quark b* — Wt lor2ep1b2jorlj Yes 47 870 GeV left-handed coupling 1301.1583
1] @. Excited lepton £* — &y 2ep 1y - - 13.0 A=22Tev 1308.1364
Excited lepton v* — ¢W,vZ Beut - - 20.3 A=16Tev 1411.2921
LSTC a7 — Wy leply - Yes 203 1407.8150
LRSM Majorana v 2ei 2j - 21 m(Wg) = 2 TeV, no mixing 1208.5420
Higgs triplet H** — &£ 2e,1(S9) - - 20.3 DY production, BR(H}* — £6)=1 1412.0287
E Higgs triplet H** — £7 Beut - - 20.3 DY production, BR(H}* — ¢r)=1 1411.2921
'0" Monotop (non-res prod) Tepu 1b Yes 20.3 Anon—res = 0.2 1410.5404
Multi-charged particles - - - 203 DY production, |¢| =5e Preliminary
Magnetic monopoles - - - 2.0 monopole mass 862 GeV DY production, |g| = 1gp 1207.6411

10 1 10 Mass scale [TeV]

“Only a selection of the available mass limits on new states or phenomena is shown

No evidence for new phenomena...
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tt resonances with | + jets
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Diboson resonances with boson tagged jets

SSM W’ WZ with
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arxiv:1506.00962
Excited bulk RS G, WW, 2Z
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Dijet search

* No excess in dijet mass distribution

* Contact interactions searched for in angular distributions of

high-mass events
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Summary

* Many interesting results from Run 1

 SM-like Higgs discovered and its properties are probed with increasing
precision

e Large advances in experimental techniques and theoretical calculations
promise high precision measurements and good sensitivity for new physics in
Run2

* ATLAS started Run2 excellently with an improved detector

* Looking forward to new discoveries at LHC!
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