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38 countries, 177 Institutions
~2900 scientific authors
~1800 with PhD, ~1100 students
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Adelaide, Albany, Alberta, NIKHEF Amsterdam, Ankara, LAPP Annecy, Argonne NL, Arizona, UT Arlington, Athens, NTU
Athens, Baku, IFAE Barcelona, Belgrade, Bergen, Berkeley LBL and UC, HU Berlin, Bern, Birmingham, UAN Bogota,
Bologna, Bonn, Boston, Brandeis, Bratislava/SAS Kosice, Brazil Cluster, Brookhaven NL, Buenos Aires, Bucharest,
Cambridge, Carleton, CERN, Chinese Cluster, Chicago, Chile, Clermont-Ferrand, Columbia, NBI Copenhagen,
Cosenza, AGH UST Cracow, IFJ PAN Cracow, SMU Dallas, UT Dallas, DESY, Dortmund, TU Dresden, JINR Dubna, Duke,
Edinburgh, Frascati, Freiburg, Geneva, Genoa, Giessen, Glasgow, Gottingen, LPSC Grenoble, Technion Haifa,
Hampton, Harvard, Heidelberg, Hiroshima IT, Indiana, Innsbruck, lowa SU, lowa, UC Irvine, Istanbul Bogazici, KEK,
Kobe, Kyoto, Kyoto UE, Kyushu, Lancaster, UN La Plata, Lecce, Lisbon LIP, Liverpool, Ljubljana, QM London, RH
London, UC London, Louisiana Tech, Lund, UA Madrid, Mainz, Manchester, CPPM Marseille, Massachusetts, MIT,
Melbourne, Michigan, Michigan SU, Milano, Minsk NAS, Minsk NCPHEP, Montreal, McGill Montreal, RUPHE Morocco,
FIAN Moscow, ITEP Moscow, MEPhI Moscow, MSU Moscow, Munich LMU, MPI Munich, Nagasaki IAS, Nagoya, Naples,
New Mexico, New York, Nijmegen, Northern Illinois University, BINP Novosibirsk, NPl Petersburg, Ohio SU, Okayama,
Oklahoma, Oklahoma SU, Olomouc, Oregon, LAL Orsay, Osaka, Oslo, Oxford, Paris VI and VII, Pavia, Pennsylvania,
Pisa, Pittsburgh, CAS Prague, CU Prague, TU Prague, IHEP Protvino, Rome I, Rome Il, Rome Ill, RAL-STFC, DAPNIA
Saclay, Santa Cruz UC, Sheffield, Shinshu, Siegen, Simon Fraser Burnaby, SLAC, South Africa Cluster, Stockholm, KTH
Stockholm, Stony Brook, Sydney, Sussex, AS Taipei, Thilisi, Tel Aviv, Thessaloniki, Tokyo ICEPP, Tokyo MU, Tokyo Tech,
Toronto, TRIUMF, Tsukuba, Tufts, Udine/ICTP, Uppsala, Ul Urbana, Valencia, UBC Vancouver, Victoria, Warwick,
Waseda, Washington, Weizmann Rehovot, FH Wiener Neustadt, Wisconsin, Wuppertal, Wurzburg, Yale, Yerevan
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1L East Asian collaborating institutes from China (5 institutes), Japan (16 institutes), Taiwan
(1 institute) and Hong Kong SAR (3 institutes) joining ; some Vietham students via French
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Central tracking out to |n|=2.5, calorimetry to |n|=4.9

ATLAS DEtQCtor 2T solenoid and toroids with fBdl=1-7.5 Tm

25m high, 45m long, 100M channels, 7000t, 10y construction

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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February 2009: Visit to ATLAS of H.E. Professor Nguyen Thien Nhan, Deputy Prime

Minister of Vietham




Recorded pp data over the three years of “Run-1”

ATLAS Online Luminosity

2010 pp Vs =7 TeV
m— 2011 pp Vs =7 TeV

—— 2012 pp \s = 8 TeV 23 fb' at /s=8 TeV
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Month in Year

Regular 2012 operation with ~1400 bunches
with 50 ns separation
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Heavy-ion data

220
200

180
160
140
120

| Integrated Luminosity [ub

- [ ATLAS Recorded

Total Delivered: 166 ub™
Total Recorded: 158 ub™

=
= ATLAS Online Luminosity ~ \[s., =2.76 TeV
- [l LHC Delivered (Pb+Pb)

100
In addition to the large 7/8 TeV pp sample 80
« 170 ub”" Pb+Pb data @ /s_=2.76 TeV e
y NN £ 40— ATLAS Online Luminosity  \fs,, =50Te
« 30 nb™ of p+Pb data @ /s =5.02 TeV > 5 ILAC Delvered (+P0)
1 8 - [ ATLAS Recorded 24/11 01/12 08/12
e 5 pb of 2.76 TeV PP data £ 30? Total Delivered: 31.2 b Day in 2011
« Important for normalising Pb+Pb hard g B TEnememem
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=z e Opposite sign: 772 | e 1223 | Day in 2013
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Just one example analysis: Z = €€ production in
Pb+Pb collisions

Z production/decays independent of centrality -
unaffected by hot dense medium
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Data-taking efficiency and data quality

120 1T T T T T T | 1T T T T T 1 | 1T T T T T 1

Around 90% of data
delivered is used for

Recording Efficiency [percent]

90
analysis
(all analyses use same status 80
cuts)
70
60
30/03 02/06
ATLAS p-p run: April-December 2012
Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

999 994 998 0991 99.6 99.6 99.8 100. 99.6 99.8 99.5

All good for physic{: 95.8%

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at
Vs=8 TeV between April 4" and December 6™ (in %) — corresponding to 21.6 fb! of recorded data.
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\s=8TeV

- ATLAS Online
110 :— Total Eﬁ’iciency‘
2012 8 TeV pp data -
100

06/08 10/10
Day in 2012

Constant attention to
detail, by  many
people, at CERN and
in  home institutes,
was essential to
obtain such high
efficiencies for data-
taking and data
quality

14/12



Triggering

In 2012 the rather constant peak luminosity

allowed a stable trigger menu

* Low inclusive- & di-lepton thresholds - with tight

selections at low-pT
* Very complex trigger menu

ATLAS Trigger Operation 2012

600
500 -
400
300
200

Rate in Hz

100

Jets/missing E_ (delayed]

- | B-physics (delayed)

Minimum Bias
Electrons/photons

-Muons/B-physics

Average output rate of ~550 Hz
over 2012 run (design ~200 Hz)

0 T T T T T T
April June August October December
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Trigger Threshold / GeV
inclusive p 24
inclusive e 24
dimuon 13,13 or 18,8
dielectron 12,12
ditau 29,20
diphoton 20,20

plus a couple of hundred others

—_—
T ATLAS Preliminary %% " " *
- . ++—*—*'— -
1 I Ldt=203f" *_, %
0.8f *+++++—o—+ * -
[ Vs=8TeV e . o
I - T trigger efficiency
-
0.6 - measured from data
L L o d
* —— L1 ZoTT—oUT
0 4 | had B
- -,
b —— |1+L2 all-prong
0.2 — * —— L1+L2+EF 20 GeV tau frigger {
0 I L 1 L | L L 1 | 1 1 L | L L L | 1 L 1 |
0 20 40 60 80 100

Offline tau p T [GeV]
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Running jobs: 243209
Transfer rate: 7.59 GiB/sec

104302012 A:10:31 pm

120,000

simulation 2011 MC
M 2011 data

60,000

ATLAS uses ~80
WLCG sites

Y N\..“H\ i <— oneyear .. ¥ TR

user analysis

40,000

o 3 | f il v A it
Mar 2012 Apr2012 May 2012 MI 2012 ug 2012 Sep 2! )12 et 2 (1 N cl: 013 Mar 2013
-
=

wrd——mmm.— one year —e b o : supe rb

wents 139,731 Maximumn: 68,904 , Minimum: 0.00 , Average: 56,638 . Current: 68,030



The pervasive problem of pileup

Huge challenge in 2012:
pileup levels of ~35 were routine

Impact of pileup substantially
reduced by an inventive
programme of performance

improvements

g‘ 1 4 : T T I T T T | T T T | T T T T T T I:

@ - ATLAS Simulation ]
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Fractional JES uncertainty
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Publications

LA
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ATLAS Submitted Pap
300 | T T T T T 7 | LI L

*—9

ATLAS

250

200

150

2010

100

50
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PHYSICAL
REVIEW
L

c

Particles and Field

Particles and Fields

ETTERS

sptns ok ans 17 DECEMBER 2010

ATLAS: 260

&) Springer

Particles and Fields

PHYSICAL
REVIEW
LLETTERS.

&) Springer

&) Springer

To date, 260 papers have been submitted with
collision data
Sustained rate of 2.5 papers/week during 2012
In addition, 520 ATLAS CONF notes since the
start of 2010

€\ Springer
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Measurements

(excluding the Higgs sector)

Just a very few selected examples...



Inclusive cross-sections

8 105 - ATLAS Preliminary
5 — 35pb’ i
I — ? . LHC pp Vs =7 TeV
© 1l 35pb" Theory
10" = | © Data(L=0.035-46% )
H LHC pp Vs =8 TeV
3
10° mmm Theory
= 58! | * Data(L=58-201fb ")
B . _
- 5.8 fb"g
10% = 1ot F —F— |
- | DO S
- o 4 Bm
10 & 46"
- 21T L E T
= | 461b"
T Tz T % T ¢ T ww wz | owte oz

Event statistics with
~-22 fb'at 8 TeV

« 1.5 quadrillion (10") pp
collisions
« 3 billion recorded (+PU)

After selections:
e 100 M W-¢8v
* 10M Z-2¢
e 400k tt—e€X
* hundreds of H(125)

Beyond inclusive cross-sections: ATLAS has made a wealth of high precision measurements
- can only flash a few examples here - intricate studies needing time and care

ATLAS strategy: make measurements fully corrected to fiducial acceptances, which can be
reproduced easily in Monte Carlo generators, as well as extrapolating to total cross-

sections

More complex topologies are important backgrounds for searches - validate MC models in more

inclusive regions
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W, Z in association with jets

L+jets - measure 32 fully corrected

p.(£)>20 GeV, [n(€)[<2.5, AR(£€)>0.2, 66< m(£€)<116 GeV

MC /Data NLO/Data

MC / Data

BlackHat+SHERPA performs very well,
differences in detail for ALPGEN & SHERPA;

D Charlton / Birmingham - 12 August 2013, ICISE inauguration, Quy Nhon, Vietnam

S(Z* (=) +2 N,) [pb]

distributions, fiducial region:

p,(3)>30 GeV, |y(j)[<4.4, AR(£j)>0.5

10° T T T

| | | T
ATLAS Z/y*(— I')+jets (I=e )

10° Ldt=4.6f" &~ Data 2011 (Is = 7 TeV
104 anti-k, jets, R = 0.4 : /S\HI:EC;IIE’Q
jet jet
\ P > 30 GeV, [y < 4.4 o MC@NLO
10 “¥— BLACKHAT + SHERPA
2
10 ——
10 — =
: ==='»==
1 N
10" ety
.—O—< '
102
o[ | JHEP07(2013)032| ¢
) I I i I I il —
1 '2_ -¥- BLACKHAT + SHERPA |
2 ) . . g
os T . v _
o+ t—F—+—+7
1;: “m ALPGEN 22
st tiptiigs i/i 7
0.8 M /
—
1-2_ A~ SHERPA 227
0.8 A A K777, /
0.6 I I | I | | |é
>0 > >3 >3 >4 5 56 >7

MC@NLO fails for N(jet)>1

W+Db-jets - measure inclusive cross-sections
and differential with respect to p_(b-jet)
p.(£)>25 GeV, |n(2)]<2.5, p,(v)>25 GeV, m (W)>60 GeV
p.(1)>25 GeV, |y(j)1<2.1, 1 or 2 jets, 21 b-tag, AR(£j)>0.5

= 20 ‘

2 | ATLAS Data 2011,\s=7TeV |
B - ——4&—— Electron Channel -1 ]
;.‘Z - ——#—— Combined Electron and Muon j Ldt=46fb

© 15— ——=—— Muon Channel —

- ——— MCFM4FNS + 5FNS T
~ e Powheg + Pythia ]
IR ALPGEN + Herwig (norm. to NNLO inclusive W) ]
10— -
- JHEP06(2013)084 ] % i -
i :
[ I S ]
| .

1 jet 2 jet 1+2 jet

Data lie above all predictions but errors
large, aim to resolve with more data

)
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W, Z in association with jets

7 ions,
% ;"'|"‘w“"_\""'|""|"‘iw*‘¢“‘|""; 5 * et)
2 25001 [ATLAS Preliminary OS W'D | W+c using D -tag

p.(¢)> I - | Lat=461b" D*—s D' (Kn)m 2 . eV
S 2000 "\s =7 TeV (2011) e Data = / c-D >0.5
> C +C ]
L B * -Wwa ] S R
1500 -W+F5ht'1 E - W~
E -Z+J}e?s J E
1000? i -.II:.)iboson ] N ): o .
- muiiee 1 Measure o(W*D™")/c(W) inclusively and
500; -Q-J-.-o-"ﬂwﬂf...'f:-o::’"-o-’":': d]fferent]ally ]n pT(D*)’ n(e)
O e ] D(£)>20GeY, N(2)[<2.5, P(v)>25 GeV, m_(W)>40 GeV
135 140 145 150 155 160 165 170 175 b.(D)>8 GeV, [n(D)|<2.2
A m = m(D*)-m(D% [MeV] T
ATLAS-CONF-2013-045 . ATLAS Preliminary " Dam
JLdt=4.6 fo! —843t24+7.2pb
{s=7TeV (2011) Stat
g o el Stat+syst
Sensitive to strangeness content of - e —
2 _ 2 o
the protonat Q" = m v moto -
epWZ and NNPDF2.3coll have s-quark H=O-t v NNPDF2.3 1
sea PDFs at x=0.01 not suppressed - SHE\;‘QPDW E
o €| ]
relative to d-quark sea PDF WEDAWED® = ;PO sl »
‘2|0‘ | ‘4‘0‘ | '6|o' | '8|0' | '1(|)0‘ | Héo‘ | ‘1£|10‘ - N
GOS—SS[pb]
dif o
MCU@NLU 14dIls 101 N(J)> | \ - 25-30 30-40 4060 60-140
b-jet P, [GeV]
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Top pair cross-section

7/ TeV measurements: 0/1/2-lepton (e, H, T)
— well-described by approximate-NNLO predictions

Measurement of 8 TeV cross-section in 1-lepton channel (5.8 fb™") using
likelihood template fit

E [ T T 171 | T T 1 | T T 1 | I T T 1 | T T 1 T T 1 | T TNT T | 1]
o ~ ---NLO QCD (pp) 4 Single Lepton (8 TeV) 241+ 32 pb \ 7
6.._: | M anprox. NNLO (pp) ¥ Single Lepton (7 TeV) 179 12 pb

A Dilepton 173 ''" pb
"'NLOQCD(PP) 5 ajlhadranic 167 + 81 pb o
—Approx. NNLO (pP) @ Combined 177 'ilpb o2

W CDF >

4 DO

10°

250

ATLAS-CONF-2012-149

10 200

-
-
-
-
o
-
-
-
=
-
=

# ATLAS Preliminary

.
1| | | | | | |
| I | | I | I I — I | | | | I I — Ll

11 2 3 4 5 6 7 8

Precise systematics-limited measurements: current prograns{%-erew
is to obtain and reduce robust systematic errors
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Tob bair cross-section

Lar Single-top cross-sections -
Me <o IR AL AL AL BN IR SR
. o ATLAS Preliminary Single top production
like o | L dt=(0.70 - 2.05) fb”’
t
102
: —Theory (approx. NNLO) :
1 T stat. uncertainty u t
10 w\,
_ ] W+
/_ $ t-channel, arXiv:1205.3130 i
- § Wt-channel, arXiv:1205.5764 7 d b
i £ s-channel, ATLAS-CONF-2011-118 ]
1., | , & | |9§% |CL|“m:t 1 . 1 . 1 ,43 3.3cevidence for Wt
5 6 7 8 9 10 11 12 13 14 PrOdUZ%zC;f; (May
CM energy [TeV]
Pre

obtain and reduce robust systematic errors
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A Higgs Boson
Latest ATLAS Results

Joe has covered the history up-until “Higgsdepéndence Day”
4th July 2012

Here | will briefly discuss the progress from ATLAS of our
new boson in its first year since birth

Theme - explore all we can with Run-1 data:
e Evolution of the signal
 Spin-parity of the boson
* Probe HVV &Hff couplings in-as many ways as possible
* Look for unexpected decays (but not here)
e Start the programme of fully-corrected measurements

Much more tomorrow morning in the session after coffee, and in a parallel session on
Wednesday afternoon



Excellent mass resolution
(y pointing in calorimeter),

T
&
2

Signal significance 7.40, expected 4.30 (SM)

poor S/B
(@] 103 = LI T T 7T | L | T 177 ‘ T T ‘ L L | T 177 | T 1771 H
o
S 10000 : : : : : — - 102 éM H — vy expected P, ATLAS
3 - ATLAS . S {of — Observedp
7 o 0
% 8000 — *  SRicee tav m, =126.8 GeV (fit) — ’ 011 ______ ] R | (o)
c T hegg reeeeeees Bkg (4th order polynomial) N ) R \ Y B 20
g 6000 — ] 1 0_3 .---::: ------ 3(5
L] C T Hosyy ] 10"k e o
4000~ - 18—5 el sl
T Vs=7Tev Jldt =481 ] 10°© Data 20111s =7 TeV 5
2000 — - 107E — Obs. 2011
C Vs=8TeV Jldt =20.7 b . 10° S J.Ldi 481"
B 1 1 1 1 1 ] _9 wme Exp. 2011 60
2wk | | ' E 110(-)10 — Obs. 2012 Data 2012 \'s = 8 TeV
8 CwE | + . E 11 (())_'11; -+ Bxp. 2012 J.Ldt ~20.7fo" 76
I 100 E- =
-a(;]—- -108_+T+++ + +H+++¥++_ 18::11jlllllII|7.4IGIIIIIIIIIIII||||||||
® -200 110 115 120 125 130 135 140 145 150
o 100 0 120 130 140 150 160
m,, [GeV] my [GeV]
arXiv:1307.1427,
ted by PLB
et —  wgoF WVBF  WWH mZH wiH
| ATLAS Simulation H—yy
i _ Inclusive _77777”777777”777777”7777””7777””7777””7777”77777_”!
q q q’ W/zZ q t Unconv. central low p_ | - I
Uno(l)Jnv.cenlral hligh P | _ .
= -- H -- H Unmnv.-resl high p: : _ -.I
Conv. central I-ow [ | -I
g q q H g 7 Clon\/. resll:wzz — — -. I
(a) gg — H (b) VBE ©) VH (d) (iH Conv. rest “‘g'f P B _-.I
. . . . . . Loose high-mass two-jet | |
Subdivide into categories, including vector-boson — — O
. . Low-mass two-jet . _
fusion (VBF) and (W/Z)H (=VH) targeted selections 7™ sgntcarce |10 E——
One-lepton _I ]
o '1|o' - '2|0' - 'slo' - '4|0' - '5|0' - 'e|0' - '7|0' - 'slo' - '9|0' 00

signal composition (%)
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ATLAS

. EXPERIMENT

Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC

H - yy candidate in the VBF category



@ATLAS

EXPERIMENT
http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST

m(4e)=124.6 GeV |
\
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-
NN
®

H

excellent mass resolution,
but low statistics

“Golden” channel, high S/B,

Signal significance 6.6, expected 4.4c (SM)

> = 1 0°F — ObS 2012 ATLAS
[0} [ Data 2011+ 2012
© 40 B i Slfllell—ﬁggs ;oson ATLAS 3F Xp 2012 H—-Z7* -4l
© * S —— Obs 2011
ot | . H—Z7"—4l 9107 - Exp 2011 -1
2 b m=1243GeV (fiy = _ag b Xp - Vs=7 TeV [Ldt =4.6 fb
5 350 ) Barkgrouna 2, 22 \s=7TeV {Ldt -45" N S~ Obs Gombination |
L C - Background Z+jets, i \s= 8 TeV Ldt =20.7 fb = Xp ompination \S=8 TeV _‘-Ldt =20 fb H
30:_ %4 Syst.Unc. 1 0-1 e :12(;
251 107 g i 36
20:_ 10_5 .......... .::::,' ‘:; 4G
15 :_ 1 0-7 55 ] 50
103 10-9 ..': =2 66
: 107';
5[ 6.60 7o
10 13 L1 1 1 | | I I | | J |1 | | I T | | L1 1 la ‘ I ‘ L1 1 1
0 py—s - - 110 120 130 140 150 160 170 180
m, [GeV] | arXiv:1307.1427, m, [GeV]
* accepted by PLB
g 7 7 ar w/z 9 t
}—— H :Z H g - Combining H-yy and H = 4¢, obtain
4 q q q : H g f 0
B (b) VBF (© VH () H - 125.5 + 0.2 * 02 Gev
Again, categorisation of events to enhance VBF

and VH sensitivity
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. . > [ | T T T T | T T T T T T T T ‘ T T T T | T T T T ]
Moderate statistics but | & Jof ATLAS -+ Data201142012 |
. i p %% Total sig.+bkg. |
H = WW®* = @v8V | poor mass resolution » | § T is=7Tev Juamasn = e
poor S/B @ 10 's-8Tev [Ldt =207 fo" ggF m — 125 Gev_]
S T HoWW*—sevuy + > 2 ]« ]
> LSS B N B B B N B BLLRL B Lﬁ 8; 1 ww -
3 8005— ATLAS - Data2011+2012 - W zv .
o - \s=7TeV | Ldi=46fb" %z Total sig.+bkg. 6 - B other vv b
— - ) = . L Single To .
5 (0% is-eTev JLat-zo7rpt  MSMMGesBoson 2 or more jets [ % — ]
- — my, = e . - . 4
& 600E Howw iviv + 0/1 jets B ww = — strong VBF 4| | Z -
"' 500F _ O] E sensitivity [+ ]
4005 [ other WV E 2r -
3005 % Single Top - arXiv:1307.1427, ) )
— Wijet —
- —e - accepted by PLB 50 100 150 200 250 300
200F- = , _
e : = (BB T (B (0]
% 100:_ M Y ATLAS Run 214680, Event 271333760
X 805_ -&- Bkg. subtracted data E ],:? 17 Nov 2012 ©7:42:085 CET
DIJ 6()5— D SM Higgs boson mH=125Ge\é ':"EXPER|MENT
£ 40F E
o 20F + =

20 + 3

60 80 100 120 140 160 180 200 220 240 260
m; [GeV]

m,= \/(El]{_I_E;lim)Z_(]—51T1+E171“n‘ss)2

Transverse mass distribution
foreand py, O or 1 jet

Signal significance of 3.8¢ at
m =125.5 GeV, expect 3.80 (SM)

D Charlton / Birmingham - 12 August 2013, ICISE inauguration, Quy Nhon, Viet



2500|||||||||||||||||||||||||||||||||||||||||||||||||

S - e Data _
Spin-parity RS =S n IR
o 2000~ ¢ -
L - —e— _
Use H-yy, H»4¢, H-WW-¢2vev . I -
Variables sensitive to decay C -
angles U A, AT N 1000F- -
. . L ATLAS -
Make pairwise hypothesis N fb_1 -
P + - \s=8Te J. t=20.7 - -
teStSJ VSO arXiv:1307.1432 o b by b b e b P by Bn
accepted by PLB 0 01 02 03 04 05 06 07 08 09
Data are consistent with 0" on every test |cos |
ATLAS Compare with a range of ATLAS
Hos e Data production hypotheses Moy o Data
:=8Tzezv1ut=lzo-7fb‘ \ GL, expected for a spin-2 graviton-like ST 207
— 277" > 4 : P + : S 77* - . P +
Vo= 7TeV [Lt - 46 1" :s:l:r:mg J"=0 boson Compare with Ezﬂzjl e :‘L_e o :sst:mmg JP=0
\s=8TeV [Ldt =207 fo different J°| 1s-steviia-2071 o
H-> WW* —» / = i - * — evuv/uvev
Vs=8TeV det:i\.}yfz"uvev qu - fractlon Of qq hypOtheses E:S:’I:\\ll\}Ldt=20.;Lfb'/‘u
jproduction (rather than gg)
{10
?26
30
All alternative
4c
hypotheses
disfavoured |
0 25 50 75 100 at >97.8% CL TP D0 JPo1r JPot JPo2t

f_ (%)
qaq
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B/B,, may differ » don’t combine here

E _\l LI | T 1T ‘ LU | L ‘ LU | T T 177 | LI | L I I\_
. & 0 ATLAS g
Pl'OdUCthn processes 2 § ' b ls=7TeV [Ldt=46-481" -
T 8- ls=8TeV JLdt=2071" ]
. . . . o B ]
Detailed combined studies of couplings S gl —Hoyy ]
(following LHC HXSWG approach; many more results than = 8 - :ﬂ—’a’z\;f 4'M ]
shown here) S L SRR
0 4 __ + Standard Model __
. . L (@) B X Bestfit |
Coupling strength to vector-bosons in initial o o N, e B
state vs that to fermions, SM=(1,1) —»C e .
% | N .
. . . o =
Ratio of vector-boson mediated production S T . i
compared to gluon(top)-initiated production: ’ B T N T TR P T VI T e
u /u - 1.4'91 0O 05 1 15 2 25 3 35 4
VBF+VH ggF+ttH ° V. _ . .
coupling to fermions TP B/Bg,,
< —_l T T L | L | L L T T TT | LI | L | l:
Looking purely for vector-boson fusion = 4B ATLAS _
1o & Vs=8TeV JLdt=207 b i
" ]
-—- H /mz_ ‘;‘ m, = 125.5 GeV _:
8 % =
B 5 — Combined H—yy, ZZ*, WW* <]
q q arxivi1307.1427, | O - SMexpected -
accepted by PLB N .
(b) VBF Y R Y N
More than 3o evidence for 2 .
vector-boson fusion production b L e SN e L
05 0 05 1 15 2 25 3 35
lJ'VBF / uggF+ttH
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6 | st h ATLAS _GES““)) Total uncertainty
~ — o(sys
ignal strengths p m=1255Gev | " +i5onp
+0.23 arXivi1307.1427 : -
Ho vy szl
-0.33 |- 013 : T
sl Y1 | DO DO O =
Individual channels are consistent H_ 77* _ 4l ) I —
L= 1.437040 0% : e
SM describes the rates well, so far U085 (0n| i i HEH
+0.20 arXivi1307.1427
, , Ho WW* > v | o2 ; a
More detailed studies have been done 031 |-010 : ——
of coupling constraints which can be =099 |0 | s
derived, including on new processes in  [Combined oial anXiviiso7.1427 T e
the loops H-yy, ZZ_, ;N:\;\ém_m 017 ol
H=1 048|oi0| i i
W Z H N bB 405 | . ATL)?S-CONF-2013-O79
Preliminary o7 [£0.4 : 5
“=0'2-0-6<0-1...§......i...|...
H S TT (STeV: 13 fb-1) ATLEAS-CONF-2012-1 60
Preliminary o7 : :
=0.7" :
. 06 R I I A B R
\s=7TeV [Ldt = 4.6-4.8 fb" 05 0 05 1 15 2
Vs =8 TeV [Ldt = 13-20.7 fb" Signal strength (u)
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Couplings to fermions - production

g 00
With only the SM particles, indirect observation (>50) for Hff coupling g 6M|> """ H
from measured production cross-section

Can also probe in ttH associated production, e.g. with H-yy
With current statistics, sensitivity is low - more channels are being analysed

t
SO0, H
g -
t
> = T T T T T T T T ]
@ — ¢ Data ATLAS preliminary 3
C 6k SR+CR background fit =
© C o SM signal (m_ = 126.8 GeV) ]
.g S ... SR-only background fit _ =
o A Signal region Leptonic channel | 3
o E -
3E E
25 :
1: —— K om —E
20005 Control region 15 = 8 TeV [Ldt = 20.3 fb 3
1000F — . X -
100 110 120 130 140 150 160

m,, [GeV]

HI_'E 40_| | T T T | T T T | .\ .\ T | T T T | T l |_
o - —— Observed CL limit H — yy .
% S°F — Expected CL, limit  {tH channels comb.
c sof Bl t1o ATLAS preliminary -
g F +t20 Data 2012 \s =8 TeV ]
= 25 [Ldt=2031 .
('3 20 —
o~ - ]
1Y) ~ ]
15 .
10 -
———

0: et et et st ety ISt e e At It Henir Attt s Ay s s i | "

120 122 124 126 128 130
[ATLAS-CONF-2013-080] my, [GeV]

Limit at 5.3xSM rate, expected limit if no
signal would be 6.4xSM (m =126.8 GeV)
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Search for
ttH, H-yy

One nice candidate
m =126.6 GeV

S/B ~ 0.45 in 120-130 GeV

Statistics very low (just
one candidate!) — set
limits

Also search for Hff
couplings directly in
decays of H — bb and
H- tt
New bb result, Tt still
in work (blinded), for
the full data sample

- tomorrow

D Charlton / Birmingham - 12 August }

Run Number: 206971, Event Number: 40173184
Date: 2012-07-14 23:57:00 CEST




Higgs measurements -

doyy/ dp, [fo/GeV]

Ratio to POWHEG

differential cross-sections

Fully corrected differential cross-section measurements of H = yy production
Measure 7 differential distributions p_(yy), |yW|, |cos6*|, p_(i1), N(jets), Ap(jj),

pT(yyjj) in fiducial region

Distributions consistent with predictions New 77 W71 lcose’l pt  Ady po
(Powheg, MINLO, HRes1.0) within current errors: POWHEG 054 055 038 069 079 042 050
2 I P P MINLO 0.44 - - 0.67 073 045 049
¥~ compatibilities |
HREEs 1.0 - 0.39 0.4 - - - -
| ATLAS-CONF-2013-072 |
2||||||||||||||\|||||||||||||||||||\|||| 312_,,,,|,,,,|,,"|,,,||,,,, ,“,|,_335_ | | |
1.8 ATLAS Prellmlnary—+— data syst. unc. _: '; : ATLAS Preliminary "';'U T ATLAS Preliminary+ data syst. unc. ]
1_6'_ gg—)H NLO+PS (Pownea+Pve) + XH _: % 10_— —+— data syst. unc. — 6: 30»_ gg—H NLO+PS (PowHEG+PY8) + XH _:
’ 45_ [[m:l 99—H NNLO+NNLL (HRes1.0) + XH _E \E : gg—H NLO+PS (PowHEG+PY8) + XH 25: 99— H+1j NLO+PS (MiNLO HJ+PY8) + XH_:
i - XH = VBF + VH + ffH 1 8 8] /] 99-H+1iNLO+PS (Mo HusPYe) + XH = 7 - XH = VBF+ VH+ fiH
& 12p H—yy, Vs =8TeV _E [ == XH = VBF+ VH + tH H—yy, Vs =8TeV _:
[Lat=203 1" E 6 Hoyy, (5=8Tev ] [Lat-2051 _
E [ [ Ldt=2031" |
3 4 - C
g ] N 10¢
o _E b ;:\\\‘\\\\\\\%\\\\\\\\\ .............
. — i E QL
0 -ILHII-H-! l'1'1-+ } | | | 0 N el A et B
TTT TT | TT | 1T T 1T 1T T 1T 1T T 1T T 1T % T T T 1T | T T T 1T | T T 1 1 | T 1 T 7T | T T T | T 1 1 1 | T %
2r —— 1 o 5t i 2
“EI!!I\\\a“ R 35 # £ 5
%““““‘““-’--!3:3-““ s A s RRRNNRNRNARARRRRNRNARRRNRARNARARRARNRNRRRRNA & ©
0 L1 1 | 111 | 11| | L1 1 | 11| | L1 1 | 111 | L1l | L1l | 1l |- -.-> L | 1T
0 20 40 60 80 100 120 140 160 180 200 0 0.5 1 1.5 2 2.5 3 0 1 2 >3

Particle level Py, [GeV] Particle level A(])/,j Particle level Ny
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Searches for physics
beyond the Standard Model

A huge-array of searches have been carried out, including:

e Extra dimensions

» Excited vector bosons

* Contact interactions

o Leptoquarks

o.New heavy quarks (eg vector-like)
e Excited fermions

* Technicolor

e Strongly produced q, g

» Gluino-mediated t, b production

* Electroweak SUSY production
o.lL.ong-lived particles
e R-parity violating SUSY signatures



Still Seeking SUSY...

].0 T 1 | T 1 | T T 4
Cross-section =
versus o, lpbl: pp — SUSY ]
sparticle mass =
1 B VS=8TeV _|
ar ‘Strong prodn of 1|, g .
10 = g, 1st/2nd gen. q — QM_
_2_ | S R q
10 -
d>Vv< . _
10
) V.2 d 200 400 600 800 1000 1200 1400 1600
i M, rage [GeV]

ATLAS pursues an extensive and deep programme of SUSY searches with
the full 2012 data set - to date 20 CONF notes covering wide spectrum of
production mechanisms & topologies - | give just a flavour here
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Strong production of squarks and gluinos

Extensive “jets + X + E_™*” programme
Example: 0-lepton+(2-6 jets)+E ™
Ten signal regions - select by best expected limit

Results presented in MSUGRA/CMSSM and in a range of

simplified models, to aid re-use with other
assumptions — show some examples here...

'_'2800 | T T T I T \I | T T I l: T T l T T T I T T T I T T T I T T T _]
% 3 E — m(i?) =0 GeV Observed limit (+1 cfh‘;jyz
©.2600 —. i w1 i Looo m(if) =0 GeV Expected imit (+15,, J ]
ﬁ = e (%) = 395 GeV Observed limit ]
g 2400 ERPRTED TS, S U N T m(i;) = 395 GeV Expected limit _:
'Efu 2200 F= . — m(i?) =695 GeV Observed lmit
g. R S U LT N p—— m(%,) = 695 GeV Expected limit 7
" 2000 = ] 7TeV (@.71b") m(z’) = 0 GeV Observed
m (q ) 1800 — —
1600 - e
: e et Y|
1400 - el Udey ==
- « €Siop, ]
1200 -
1000 — }' —
800 - o b by e by ey B .
800 1000 1200 1400 1600 1800 2000 2200

Squark-gluino-neutralino model

m (g) gluino mass [GeV]

2400

m(x°,)

~n . ~ ]
gg production; g qq %,

L T T T | T T T I T T T I T T T I T T T | T T T | T ]
8 1400 — ATLAS Preliminary Observed limit (+1 G‘Shz;‘;) ]
OEIX, - 0 ——~—~ Expected limit (x10,,,) 1
1200 —_[ Ldt=2030, Ys=8 TeV Observed limit (4.7 o', 7 Te\4—]
[ O-leptoncombined .o Expected limit (4.7 fb"', 7 TeV) |
1000 [~ - 3
800 [~ m (q ) Iarge -
600 [~ —
400 -
200 B ' 3
;. " | T . =
200 400 600 800 1000 1200 1400
m(g) "
0
qq production; g— q %?

1 _IIIIIIIII|IIII|IIIIIIIIIII
$ 700 —~ATLAS Preliminary

Observed limit (16,

:_I Ldt=2031b", Vs=8 TeV

Benchmark MSUGRA/CMSSM tanB=30, A0=-2m0, u>0

[m(q)=m(g)] > 1.7 TeV at 95% CL

with massless light neutralino

Same limit found for equal-mass case in simplified MSSM models

- —— - Expected limit (x10,,

SUSV)
theory’

xp)

%IIIIII

600 - Observed limit (4.7 fo™", 7 Te .
C Oleptoncombined -~ ... Expected limit (4.7 fb™!, 7 TeV) -
500 [— =
400 - e m(g) large -
300 —
200 é) 3
100 - : -
C 13 ]
Co L A W A
200 300 400 500 600 700 800 900 1000 1100

m(q)

| ATLAS-CONF-2013-047 |
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“Natural” Models - evading the absence of qand g

In these models, the lightest squarks are t/b, gluinos
possibly too heavy, gauginos may be accessible - but the
Higgs mass can be stabilised

Lower cross-sections and larger SM backgrounds
require dedicated searches

Systematic and comprehensive set of searches

I? N E-'ri. —_.____}l-:lil

- - - g

% byt L
alsot—»b+x’

Gluino-mediated b/t production Direct b/t pair production

Direct slepton-pair production

D Charlton / Birmingham - 12 August 2013, ICISE inauguration, Quy Nhon, Vietnam

36



Direct stop production and decay to charm

New ana.\lysi.s: charm tagging to search for direct stop pair P W o }(V 0¢
production in cases where e o1 1
m(t ) <m(x°)+m+m_but m(t) > m(x°)+m
( 1) (X1 ) b w ( 1) (X1 ) c W .
E\ I A 0
;, j o t1—) X1 C

Multivariate discriminators (track impact parameters, 7 ‘
secondary and tertiary vertexing)

2

—+1
—+

Lo ~0
production, t, — ¢ + X,

I I I I | I I I I | I I I T | T I T I | I T I I’
ATLAS Preliminary [Ldt=203f", (s=8Tev -~
Charm-tagged + Monojet-like selection -

1

w
1
o

e.g. “medium” operating point: €(c)=20%, %
rejection =5 and =140 for b- and light-jets, O,
=10 for tau-jets g

800 ™ v pserved limit (1 65)
Expected limit (+10,,,) Qo 7
X -
LEP (8 = 0° Qi 7
250 ©=0% LS

W CDF (2.6 b7 & 2

All limits at 95% CL

Also monojet analysis, no c-tagging (small Am)

‘1IIII|IIII|IIII|IIII|IIII

IIII|IIII|IIII|IIII|I~III|IIII

200 ------------------ l(f”/‘
Both cases require hard initial-state radiation ,,g\;x““*
to give a high-p_ jet ey

150 T

((\'\\
100
| ATLAS-CONF-2013-068
50 ’I‘/l | | | | | | | | | | | | | | | | | | |
100 150 200 250 300 35(
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Global picture of multitude of complementary

Direct StOp searches direct stop searches by ATLAS

Caution: simplified decay models!!!

21" )

—_. — =
m,. = 150 GeV- -~
Ly =20.7 fbo A
IIIIIIIIIIIIJ-I”\I

tt, production S]mp[]f]ed models Status: EPS 2013

; LILELEL | LI I LILILL I LI I L I I trrrrr I | | | L | | | L | | I
© 600 - ATLAS Preliminary Ly=20-21f0"Vs=8 TeV L, =4.7fb"1s=7 TeV
() - 0L, t—>tx 0L ATLAS-CONF-2013-024 0L [1208.1447] .
'_o' B —mm 1L, t 5t Xé 1L ATLAS-CONF-2013-037 1L [1208.2590] T
1= | == QObserved limits = 2L, t—> t xé 2L ATLAS-CONF-2013-065 2L [1209.4186] :
E 500 o B 2L, t —W b x 2L ATLAS-CONF-2013-048 _]
| wan Observed limits ('1Gtheo) B oL mono Jet/c -tag, t —¢C x 0L mono-jet/c-tag, CONF-2013-068 .

0L m, _rrLo+5GeV
[ === Expected limits 12,115 b %', m =106 GeV AT CORTREERS ]
= P I =B Xp mx1 = e 2L [1208.4305], 1-2L [1209.2102]
B CDF 2.6 fb ' [1203.4171] == 1L, t _> b, mx = 150 GeV 1L ATLAS-CONF-2013-037 -
400 +— = 2L, t > bX X1 M= mTé' 10 GeV 2L ATLAS-CONF-2013-048 -
B - 2L t —bX rh e = 2% m;z“’ 1L CONF-2013-037, 2L CONF-2013-048  1-2L [1209.2102] T
i ¥ ~t ot ") ~0 > 0~ 0, .0 ]
- t1—>bx1,x1—>W()x1 t1—>cx1/t1—>be1/t1—>’[x1 .
N AN _-—""\ _
300 | I _-- " _
N4 - ~
| & \ i
- S . '. ]
- 6\:‘;’*\/ i/ - m.= mo+ 5'Gew Il‘ h
200 + — ’ " 5 Ly=20110" % ! ]
= S # 1 | -
i C o i
H I
B 1 1 -
1

N .
100 703.5GevV —

L

|||||||]' X 4 Lo L

200 300 400 500 600 200 300 400 500 600 700
: . . : : m; [GeV]
Also many constraints on direct sbottom production, gluino-mediated 1
stop and sbottom production
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: EPS 2013 [Ldt=(44-229)fo" V5=7,8TeV
miss -1 ..
Model e,mT,y Jets E Ldt[fb™] Mass limit Reference
T T T T T T T T T T T T l T T T T T T T

MSUGRA/CMSSM 0 2-6jets  Yes 20.3 4.8 1.7 TeV m(G=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM len 36jets Yes 203 |& 1.2 TeV any m(g) ATLAS-CONF-2013-062
@ MSUGRA/CMSSM 0 7-10 jets  Yes 20.3 g 1.1 TeV any m(g) ATLAS-CONF-2013-054
_g gq, z,—>q)"(‘1’ 0 2-6jets  Yes 20.3 q 740 GeV m(E})=0 GeV ATLAS-CONF-2013-047
S zg &-q30) 0 26jets Yes 203 |B 1.3 TeV m(9)=0 GeV ATLAS-CONF-2013-047
8§ 2z z-oqdti —>qu 24 1eu 36jets Yes 203 |& 1.18 TeV m(¥3)<200 GeV, m(¥*)=0.5(m(t})+m(&)) ATLAS-CONF-2013-062
] gg—)qqqqff(fé’)XlX(l) 2e,u(SS) 3jets Yes 207 | & 1.1 TeV m(¥3)<650 GeV ATLAS-CONF-2013-007

©  GMSB (/NLSP) 2e,u  24jets  Yes 4.7 tang<15 1208.4688
‘B GMSB (£ NLSP) 127 0-2jets Yes 207 |& 1.4 TeV tang >18 ATLAS-CONF-2013-026

S GGM (bino NLSP) 2y 0 Yes 4.8 m(E%)>50 GeV 1209.0753
£ GGM (wino NLSP) 1eu+y 0 Yes 4.8 m(¥9)>50 GeV ATLAS-CONF-2012-144

GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥9)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 03jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10"* eV ATLAS-CONF-2012-147
q:)‘ S gabB/\"/og 0 3b Yes  20.1 g 1.2 TeV m(¥9)<600 GeV ATLAS-CONF-2013-061
> GE) gttt 0 7-10jets  Yes 203 |8 1.14 TeV m(E) <200 GeV ATLAS-CONF-2013-054
g & —’f__tf\igr 0-1epu 3b Yes 201 & 1.34 TeV (/fg)<4oo GeV ATLAS-CONF-2013-061
g—bil] 0-1epu 3b Yes 201 |& 1.3 TeV m(¥9)<300 GeV ATLAS-CONF-2013-061
Biby, bi— bX? 0 2b Yes 201 | by 100-630 GeV m(X°)<100 GeV ATLAS-GONF-2013-053
» o b1by, by—>tiT 2e,u(SS) 03b Yes 20.7 by 430 GeV m(E7)=2 m(¥}) ATLAS-CONF-2013-007
<9 #i(light), f o biT 1-2epu 1-2b Yes 4.7 m(¥2)=55 GeV 1208.4305, 1209.2102
= S  #(ight), - Wb}‘i 2e,u 0-2jets  Yes 203 i 220 GeV m({{?) =m(¥,)-m(W)-50 GeV, m(f;)<<m(¥i) | ATLAS-CONF-2013-048
%g tif; (medium), & —tky 2e,u 2jets  Yes 203 |f 225-525 GeV mqg)=o Gev ATLAS-CONF-2013-065
=g b t1(medium), t;—bX7 0 2b Yes 20.1 t 150-580 GeV m(¥3)<200 GeV, m(¥7)-m(¥?)=5 GeV ATLAS-CONF-2013-053
S5 t i (heavy), %1—>t,\? 1epn 1b Yes 207 |& 200-610 GeV m(E3)=0 GeV ATLAS-CONF-2013-037
- O fii t1 (heavy), f—oth] 0 2b Yes 20.5 (31 320-660 GeV m(¥})=0 GeV ATLAS-CONF-2013-024
©T Hi, hoch 0 mono-jet/c-tagYes 203 |& 200 GeV m(#)-m(¥3)<85 GeV ATLAS-CONF-2013-068
111 (natural GMSB) 2e,u(2) 1b Yes 207 | & 500 GeV m(¥9)>150 GeV ATLAS-CONF-2013-025
b, bt +Z 3e,u(2) 1b Yes 207 |& 520 GeV m(#)=m(t?)+180 GeV ATLAS-CONF-2013-025
7 ROLR, I— €82 2epu 0 Yes 203 |7 85-315 GeV m(¥2)=0 GeV ATLAS-CONF-2013-049
> ‘g Yot )(+—>£’V(€v) 2epu 0 Yes 203 |i} 125-450 GeV m(/?z)=o GeV, m(?,ﬁ)=0.5(m(/?f)+m()?%)) ATLAS-CONF-2013-049
: v - P9)= %9 V5 )+m(¥ ATLAS-CONF-2013-028

% xl)( X1 oFv(19) 27 0 Yes  20.7 )fi ) 180-330 GeV . mE)=0 DGev m(#, 7)=0 (m()fli Jmd)

X1X2—>5LV€L€(VV) VEL(v) Sen 0 Yes 207 |50 600 GeV m1)=m(Xz), mx1)=0, m((, #)=0.5(m(X1)+m(¥1)) ATLAS-CONF-2013-035
X1X2—> W*)(l Z*Xl 3eu 0 Yes 20.7 XX, 315 GeV m(ﬁ):m()(z) m(¥?)=0, sleptons decoupled | ATLAS-CONF-2013-035
8 o Direct¥1 {1 prod., long-lived %7 Disapp. trk 1 jet Yes 203 |G 270 GeV m(E})-m(¥3)=160 MeV, 7(¥1)=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g R hadron 0 1-5jets  Yes 22.9 g 857 GeV m(¥%)=100 GeV, 10 us<7(&)<1000 s ATLAS-CONF-2013-057
ST GMSB, stable 7, X1_>T(e fi)s(e.p) 121 0 - 15.9 10<tanB<50 ATLAS-CONF-2013-058

s g GMSB B -G, long-lived ¥} 2 0 Yes 47 0.4<7(¥9)<2 ns 1304.6310

— X1—>qq,u (RPV) 1u 0 Yes 4.4 1 mm<cr<1 m, g decoupled 1210.7451

LFV pp—¥: + X, Vr—e +u 2epu 0 - 4.6 A31,=0.10, 1132=0.05 1212.1272

LFV pp—¥, + X, ¥r—e(u) + 1 leu+t 0 - 4.6 A31;=0.10, A4(2)33=0.05 1212.1272
> B|I|near FlPV CMSSM 1eu 7 jets Yes 4.7 m(g)=m(g), ct.sp<1 mm ATLAS-CONF-2012-140
& X X1 b2 —)W)(l X1—>eevﬂ, euve 4dep 0 Yes 20.7 760 GeV m(¥9)>300 GeV, A12,>0 ATLAS-CONF-2013-036
X1 X1, X7 —)W)(l X1—>TTve, etv, e U+T 0 Yes 20.7 350 GeV m(¥3)>80 GeV, 135>0 ATLAS-CONF-2013-036

£—qqq 0 6 jets - 4.6 1210.4813
g—tit, ti—bs 2e,u(SS) 03b Yes 207 880 GeV ATLAS-CONF-2013-007

% | Scalar gluon 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
g WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147

L L I L il L L L L L
Vs=8TeV 1

*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.



Direct dark matter searches

New result from monojet signature with a “fat jet”

which could be from a W or Z decay
Complements earlier “inclusive monojet” searches

| JHEP04(2013)075 |
Search is for WIMP (x) pair-production ‘“g
- missing-E_ signature 5
Limits placed in context of effective theories of DM 8
interactions with SM particles: spin-independent (D5) and §
spin-dependent(D9) with C(u)=+C(d) (- sign enhances g
WXX) %
%SsozlllIIIHJI_I”HI”HI”I+Data
EC_? 300 E[ Ldt=20.3fb \Vs=8TeV Z(vv)+jet %
A\ CATLAS Preliminary - WiZ{e/n/t)+jet ]
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ATLAS Exotics Searches™® - 95% CL Lower Limits (Status: May 2013)

.......................................................................................................................... I T T TTI I I T T TTI
Large ED (ADD) : monojet + E, ... My (5=2)
Large ED (ADD) : monophoton + E, M (5=2) ATLAS
& Large ED (ADD) : diphoton & dilepton, m., M (HLZ 5=3, NLO) =
2 UED : diphoton + E; ... Compact. scale R Freliminary
2 s'iz, ED : dilepton, m, M ~ R
g R51 : dilepton, m, Graviton mass (kMg = 0.1)
3 RS1: WW resonance, m; Graviton mass (k/Mg = 0.1) 1
@ _Bulk RS: ZZ resonance, m,y Graviton mass (k/M., = 1.0) Ldi ={1-20)fb
+= RS g — tt (BR=0.925) : tt — l+jets. m g mass
e -
0 ADD BH M, /M,=3) : SS dimuon, N, . My, (5=6) fs=7,8TeV
ADD BH (M., /M_=3) : leptons + jets,Xp M, (5=6)
Quantum black hole : dijet, F (m, M., (5=6)
....................................................... tjcitie CORtAEt IRBFECHON - F( ) N
O qqll Cl : ee & pnp, rﬁ" A {constructive int.)
uutt Cl : S5 dilepton +jets + E, A(C=1)
..................................................................................... Z{SSM}me T T - g
Z'(SSM) :m,, |L=47 7,7 TeV [1210.6604] 14Tev 7' mass
S Z' (leptophobic topcolor) : tt — |+jets, m_ [L=143 b”, 8 TeV [ATLAS-CONF-2013-052) 1.8Tev 7' mass
W'{SSM) my | L4z, 7 Tev [1209.4445) 255Tev V' mass
W' {—=1tg, g =1) DML [L=47 17,7 Tev [1209.6503) 430 GaV W' mass
........................................................................ W' (= 10, LRSM) :m, - [1=143 1", 8 TV [ATLAS CONF-2013-050) 184Tev W' mass
Scalar LQ pair (f=1) : kin. vars. in eejj, evjj |L=101b",7 TeV [1112.4528] g60Gev T gen. LQ mass
g Scalar LQ pair (5=1) : kin. vars. in pujj, pvjj | e=1.0mw™, 7 Tev [1203.3172) e85Gev 2" gen. LQ mass
Scalar LQ pair (p=1) : kin. vars. in 7tjj, Tvj] [L=4.71" 7 Tev [1303.0528) s Gev 3”7 gen. LQ mass
................................................................. s e NEL T B . 3
4 generation : t't'— WhWWh |[L=4.71b", 7 TeV [1210.5465) 656 GeV ' mass
& . e ] /
=< 4th generation : b'd" — S5 dilepton + jets + Er.m.as L=14.3 1o, & TeV [ATLAS-CONF-2013-051] 720 GeV b’ mass
§ 3 WVector-like quark : TT— Ht+X [f=1431h" 8 TeV [ATLAS CONF2013018]  TaoGev T mass (isospin doublet)
........ UEtedVEgW"k?quafkccqu S AT T ey S 142Tev. VLQ mass (charge -1/3, coupling x5 = vimy)
xcited quarks : y-jet resonance, m q* mass
SE Excited quarks : dijet resonance, Hf; q* mass
Lﬁ D Excited b quark : W-t resonance, m,, b* mass (left-handed coupling)
Excited |Eptﬂn$ N I-T resonance, m I* mass {ﬁ = m{|"}:|
............................. _""""Té'éﬁ'ﬁ'i:ﬁéﬂ'r'bﬁé"{[é"i"fj']i":"d'i'l'é';ﬁ'iﬁ'ﬁ;'fﬁ;;;’lm > T, mass (m(p Jan) - i) = M, )
Techni-hadrons (LSTC) : WZ resonance {r'n.rllj,ﬂ':WZ p, mass (mip.) =min;) +my, m{a)=1.1mip))
- Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W ) = 2 TeV)
&£ Heavy I?_EF” N* (type lll seesaw) : Z-l resonance, m,, N* mass (|V | = 0.055, |V | = 0.063, |V | = 0)
S (DY prod., BR{H?_*—)II]:H 85 ee (uu), m H* mass (limit at 398 GeV for uu)
Color octet scalar : dijet resonance, my Scalar resonance mass
Multi-charged particles (O prod.) : highly ionizing tracks mass {|g| = 4e)
....... Magnetic monopoles (DY prod.) : highly ionizing tracks T ITESS | U] ol L
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Mass scale [TeV]

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



Looking Forward



The landscape in the next decade(s)

2009 < LHC startup, \'s =900 GeV

2010

2011 \ §=7~8 TeV, L=6x10%3 cms-!, bunch spacing 50 ns

2012

2013 Go to design energy, nominal luminosity (Phase-0)

2014
2015
2016 \s=13~14 TeV, L~1x10%* cm2 s!, bunch spacing 25 ns

2017

2018 Injector and LHC Phase-1 upgrade to full design luminosity

L32\_

2019

— v s=14 TeV, L~2x103 cm2 5!, bunch spacing 25 ns
2021

2022 LS3 HL-LHC Phase-2 upgrade, IR, crab cavities?

2023

el . V14 TeY, L-5x10% e, laminosiy lveling
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Run-1
~20-25 fb1
LS1=Now
Run-2
~75-100 b1
LS2
. ~350 b1
LS3

“HL-LHC” ~3000 fb*
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European Strategy for Particle Physics

c) The discovery of the Higgs boson is the start of a major programme of work to
measure this particle’s properties with the highest possible precision for testing the
validity of the Standard Model and to search for further new physics at the energy
frontier. The LHC is in a unique position to pursue this programme.

Europe’s top priority should be the exploitation of the full potential of the LHC,
including the high-luminosity upgrade of the machine and detectors with a view to
collecting ten times more data than in the initial design, by around 2030. This
upgrade programme will also provide further exciting opportunities for the study of
flavour physics and the quark-gluon plasma.

ATLAS and CMS are committed to deliver this programme, including substantial
detector upgrades - small ones in LS2 (2018) and large ones in LS3 (2022-3)

Full participation of collaborators world-wide is necessary and expected
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CMS upgrades for HL-LHC

Muons
« complete RPCs in forward region with
new technology, GEM or GRPCs
» extend n coverage? O

New Inner Tracker
 radiation hardness
better granularity and faster links
improved precision
less material
extend n coverage?

Technical
Proposal
in 2014

TDAQ
* level-1 at 1 MHz?
(requires all new FE/RO)

 tracking at level-1
e HLT output 10 kHz?

Upgrade/replace Forward Calorimeters

* extend n coverage?
* mitigate pileup effects with tracking & precise timing
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ATLAS upgrades for HL-LHC

New Inner Tracker
* Radiation hardness LAr and Tile Calorimeters
 Better granularity and faster links « new FE and BE electronics
* Improved precision
* Less material
« Extend n coverage

Wbt
G
et L

* level-0 at 0.5 MHz

 tracking at level-1

e HLT input 200 kHz,
output 5 kHz?

Forward Calorimeters

Muons * Replace FCal?
* new FE electronics » Replace endcap hadronic
Letter of  improve resolution calorimeter cold electronics?
Intent
Dec 2012
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Prospects for Higgs measurement precisions

ATLAS Simulation
Extrapolating from 25 fb™ to 300 fb™ or 3000fb™ is tough ¢ _ 14 Tev-

Experimental systematic errors: will improve
 tighter/better selections
« constrain uncertainties increasingly using data

Theoretical uncertainties:
* Now 3-15% for production, 3-10% on decays
* Dominant errors: QCD scale (HOs) and PDFs

ATLAS and CMS made independent estimates with
different assumptions - should bracket actual precision

CMS Projection

T T | T T T T T I T T T T | T
Expected uncertainties on 1 3000 " at f& = 14 Tel Scenario 1
Higgs boson signal strength —{ 3000 Mm'at &= 14 TeV Scenaric 2

H= 7

H— W

H— ZZ

H— bb

H=tx

L L 1 L il L I L L 1 1 I 1
0.00 0.05 0.10 0.15

D Ch expected uncertainty

det:BOO fb™" extrapolated from 7+8 TeV

H—pu
ttH,H—-un
VBF,H—1t
H— ZZ
VBF,H—- WW
H— WW
VH,H->yYy
ttH,H->yy
VBF,H-yy
Hoyy (+)
H—yy

 [Ldt=3000 fb

I\I{I\\|III|\I\|I

0 02 04 06 038
Plots show estimated signal strength  Ap
uncertainty extrapolations

n
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Prospects for Higgs measurement precisions

With 3000 fb-': g 10°F ,g'ti::'ivs'iréuiaﬂué kR
. signal strengths and partial width ratios to ~4- < w:Ef“’“m“}' — e
20% depending on channel g = i s
* for WW, ZZ, vy, bb, tt, py, ttH 2 “‘: acaiisitas Sat
« — couplings (~/p) to ~2-10% =
« sensitivity to invisible decays directly at ~10% BR  '© S
Assuming substantial continuing progress on theory y s Tt ™
uncertainties 107 e

B0 100 120 .'1"10' —T60 180
What is the benchmark for precision? H-pp with 3 ab’  m, (Gev)
It depends on the new physics expected!
e.g. Gupta and Wells

ARVV  Ahtt Mhbb
Mixed-in Singlet 6% 6% 6%
Composite Higgs 8% tens of % tens of %

Minimal Supersymmetry < 1% 3% 10%°, 100%"

i.e. 1-10% deviations expected for vector bosons, few to tens of % for fermions

Higgs self-coupling HHH?
» Studies are ongoing - these will be very challenging analyses
« Estimate is that we may be able to achieve ~30% precision (per expt)

48



HL-LHC Beyond the Standard Model

European strategy update, Snowmass and ECFA HL-LHC

experiments workshop provide context to deepen the
HL-LHC case

Range of studies available and in progress

~0

X

Mass (GeV)

[T T T T | T T T T ‘ T T T T I T T T T T T T T T T T T T T T T ]
- ATLAS Simulation =
700: Vs=14 TeV _
- soann 3000 fbT, 95% exclusion limit ]
600 === 3000 b, 5¢ discovery reach —
BERLLEEE 300 fb™', 95% exclusion limit _
500 — 300 fb™', 50 discovery reach “’_‘c'%
- Electroweak o ]
400[- sy o —
“
- . Rt o
300E- productlorlggg,, P s
N 2 N s N
200 i
100 o —
BN A B P A W I A
100 200 300 400 500 600 700 800

ﬁ and ig Mass (GeV)
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- i 3
% e —e— discovery at 50 with 300/b |
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E . E
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: L—-pp :
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C -
sl Z (LO) _
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..,
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________________ . L r e
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600 800 1000 1200 1400
M, [GeV]
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Summary

Fantastic delivery from the LHC accelerator and its teams in “Run-1”"

Moved beyond the discovery phase for our new Higgs boson
J” = 0" strongly favoured

Higgs analyses now are part of the measurement programme
Precise coupling measurements
30 evidence of VBF production
Starting fully corrected differential measurements

Wide range of searches explore more challenging parts of SUSY space, and
increasingly complex BSM signhatures — but no sign yet of a second discovery

The ATLAS and LHC programmes have only just begun:
13 TeV approaching fast
full LHC and HL-LHC programmes will fill the next 20 years with physics
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Couplings to fermions - decays

Tricky and delicate analyses

With current sample insufficient
statistics for unambiguous (50)
observation of these decays

H-bb case: (W/Z)Z, (W/Z) - leptons,
Z—-bb serves as proof of principle

| ATLAS-CONF-2013-079 |
" ATLAS Preliminary | epaa
- reliminary B VH(bb) (best fit)
600 \s=7Tev [Lat =471 vz
L Uncertainty

C \s=8TeV |Ldt=203 " 7 VH(bb) (1=1.0)

C —
o .
© E
S :
% BOQF 0+1+2 lep., 2+3 jets, 2 tags ]
7 - 1
L4000 E
m B -]
7 C -
=300 .
® B -]
> - ]
Woool- E
1001 ++ E

E ) L, —— V
0 C 2_‘%// WH 7
ITI NN NN R WA ST NN NN S R N SRR SR N | ]

50 100 150 200 250

m,, [GeV]

ATLAS Prelim. |==o(sta)  Totg| uncertainty
m,, = 125 GeV §Ef,‘,’§c),) + 15 on
VH(bb), 7 TeV 0 S IR AR R
____________________ h=2lilon | oot B o
VH,Olepton  H="277(|418 | = | : | | |
VH llepton 1=-25 (|16 | s——fm— | | | | |
VH, 2leptons 1 =0.6 " |+3.1 L — —
VH(bb), 8 TeV 1940 IR U AT
,,,,,,,,,,,,,,,,,,,,, W=08 o | it lE
VH,Olepton  k=09,,1408 | | 1 i =F=
VH,Tlepton  W=071 /108 | | @ | @ ==, @ |
VH, 2 leptons M='0-3j:§ +1.2 L '—T—F o
Comb. VH(bb ot R -
Diesglt | L AR
VH,Olepton ~ 1=05,,}t08 | | © | e
VH flepon  w=01js08 | | & | e | |
VH, 2 leptons u=-0-4+1j .2 | | . _ | '—I—' l . | N
-4 -2 §) 2 4

Vs=7TeV [Ldt=47fb"
Vs =8 TeV [Ldt = 20.3 fb

Signal strength [u]

H-tt analysis update to full
sample in progress, with
5+13 fb", p=0.7"%;
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| ATLAS-CONF-2012-160 |
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Dibosons - WW, WZ and ZZ

Example: differential cross section measurements: WW, ZZ (7 TeV, 4.6 fb™)

Normallsed fiducial dlfferentlal cross sectlon

L",:E = ATLAS —_ Mnntn Carlc -:ME@NLO] |
o] 0031 paia 2011 (V5=7 TeV) ® Dai =
o E 1 4+  Stat Uncertainty E
2 0.025 J Ldt=461b Full Uncertainty —
- - R
3 0.02 £ .
% U = ]
5 o WWo
— 0.015}— o
0.01— o
0.005— =
- L - - I,E
o - . . h—
= 1'51: ]
[ =E—0—=.— it =
8 05k ¢ - E
25 40 60 80 100 120 140 " 350
Leading lepton p_[GeV]
PRD87(2013)112001

Data/MC

Normallsed flduc1al d1fferent1al Cross- sectlon

ATLAS

. — POWHEG BOX

0.02E" (57 Tev e Data E
0.018— 1 + Stat. Uncertainty —
0.016 - f'— dt=4.61b £== Total Uncertainty ~_J

= ZZ — ' =
0.014 — —
0.012F 77 —

0.01E | Measured also E
0008 | ¢¢vv channel E
0.006F ! =

= (ATLAS-CONF-2012-027) =
0.004 = =
0.002- " i —
- | T B B A T B II| i 1 —
1.5F - ,_ E
== —a 1 E
0.5 e i i e = i .
0 50 100 150 200 500 550 600
P [GeV]
JHEP03(2013)128

NLO generators provide a good description of the data with these
statistics, also for the mass spectra. Same conclusion for WZ
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lid

id

Dibosons - WW, WZ and ZZ

Exa — [ T T T ‘ T T T | T T T | T T T T | T T T | T T T | T ]
Q ATLAS Preliminary NLO QCD (MCFM, CT10.0) |
gen T e ZZ (pP) (66<m <116 GeV) _|
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° N Il . |
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> - e ] 3
@ 0.03r - e ] o —
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O ATLAS WZ— WvIl (66<m, <116 GeV) L=13 b
LHC Data 2011 (¥s=7 TeV)
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Status of the detector
Subdetector

Typically >>95%
of channels
operational

At end of run-1,
some systems
closer to 95%

than 100%

Drives part of
the work
programme for
the current

shutdown
(power supply
replacements,

electronics

refurbishments, pipe

and feedthrough
repairs...)

Pixels

SCT Silicon Strips

TRT Transition Radiation Tracker
LAr EM Calorimeter

Tile calorimeter

Hadronic endcap LAr calorimeter
Forward LAr calorimeter

LVL1 Calo trigger

LVL1 Muon RPC trigger

LVL1 Muon TGC trigger

MDT Muon Dirift Tubes

CSC Cathode Strip Chambers
RPC Barrel Muon Chambers
TGC Endcap Muon Chambers

D Charlton / Birmingham - 12 August 2013, ICISE inauguration, Quy Nhon, Vietnam

80 M
6.3 M
350 k
170 k
9800
5600
3500
7160
370 k
320 k
350 k
31k
370 k
320 k

95.0%
99.3%
97.5%
99.9%
98.3%
99.6%
99.8%
100%
100%
100%
99.7%
96.0%
97.1%
98.2%
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The highest-mass central dijet event. The two central high-p_ jets have an invariant mass of 4.69 TeV

ATLAS

EXPERIMENT

Run Number: 209580, Event Number: 179229707

Date: 2012-08-31 20:24:29 CEST

325 ET (GeV)

| 285
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Luminosity Precision - van der Meer Scans

Absolute calibration comes from special

BCM inst. luminosity  LUCID inst. luminosity
fills with beam-separation scans in x & y
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Invisible Higgs decays? ey

Technique: look for ZH production
« Z - ¢¢ recoiling against E ™

Require E_™* > 90 GeV, back-to-back with Z
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At m =125 GeV, for SM o(ZH)

(expected limit 0.84)

Background dominated by ZZ
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