ATLAS Results and Future Prospects
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 LHC and Run1 data-taking
» Experimental performances
* Physics Results:
e Standard Model and Top physics
e Discovery of a Higgs Boson
« SUSY
e Exotic
» Upgrade and Future Prospects

Not possible to present everything in this talk.
Not covered here:

e B-physics

 Heavy lons results

« And many interesting results and details...




LHC Luminosity

Run-1 Results based on 2011+2012 data
Luminosity is measured with forward detectors and calibrated with beam separation scans

. /4 2 357 ATLAS Online Luminosity E
RiTIE'l 2> 303_ e 2010 pp Vs = 7 TeV -
o 8 T = 2011ppVs=7TeV .
ﬂ'mel g 25:_ =— 2012 pp /s = 8 TeV E
3 § ICHEP dataset §
g 200 E
nh Z F E
_.z:;l _ .bu fr o 15E :
Ginel 10F- -
st E
LHC facts: o -
 Circumference: 26.7 km yat XM W oct
* Dipole mag. Field: 8.3 T o _ _ Month in Year
« Beam energy: 7 TeV e E.c.m.: 8 TeV 7 TeV 14 TeV
» Turns frequency: 11 kHz » Peak Luminosity [cm2sT]: 7.7x10% 3.7x10%% 1x103
* Collisions freq.: 600 MHz ,
» Bunch spacing: 50 ns 50ns 25ns
*Max. average int. per b.c. : 37 24 23
« ATLAS Luminosity uncert.: 2.8% prel.  1.8% -

~29 fb' of data delivered during Run 1

Thanks to the LHC for the exceptional Run 1 performance!




ATL.AS Detector

. |ATLAS ATLAS Collaboration
Magnetic field 2 T solenoid 38 Countries
+ toroid: 0.5 T (barrel), 1 T (endcap) 177 Institutions
Tracker Silicon pixels and strips 3000 Scientific Authors total
+ transition radiation tracker (~2000 with a PhD)

o/p; = 5-104p; + 0.01

EM calorimeter Liquid argon + Pb absorbers
o/E = 10%/NE + 0.007

Hadronic Fe + scintillator / Cu+LAr (10A) 45 m

calorimeter o/E = 50%/E + 0.03 GeV N

Muon UlpTz 20/6 @ SOGeV tO 10% @ 1TeV Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
(Inner Tracker + muon system)

Trigger L1 + HLT (L2+EF)

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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ATLAS Trigger

» The ATLAS trigger system is based on two main levels: L1 and HLT (sub-divided in
L2 and Event Filter).
L1 is hardware-based and its purpose is to reduce the rate from 40 MHz to <100
kHz. HLT is software-based and the event rate is further reduced to ~400 Hz
(average).
 The trigger menu is built for a given target luminosity and then prescales are
adjusted during the LHC fill, as the luminosity decreases.

Rate [Hz]
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ATLAS Trigger Operation 2012

600 Jets/missing E_(delayed)
- | B-physics (delayed)
Minimum Bias

Electrons/photons

500 1

400
300
200 Jets/taus/missing E,

100 =

~Muons/B-physics

' Octclnber

0 - o - = " |
April June August December

ATLAS L1/HLT rates: 75 kHz/400 HZ'
*: promptly reconstructed, ATLAS has 200
Hz more of deferred data for B-physics,
special analyses and jet calibration.




Data takiny

[ [ [ [
ATLAS \s=7TeV
I LHC Delivered

[ ] ATLAS Recorded
I Good for Physics

Total Delivered: 5.46 fb™
Total Recorded: 5.08 fb™
Good for Physics: 4.57 fb™

Total Integrated Luminosity [foT]
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[ ] ATLAS Recorded
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| |
\s = 8 TeV

Total Delivered: 22.8 fb™
Total Recorded: 21.3 fb™
Good for Physics: 20.3 fb™

1/4

1/6
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Day in 2012

* ATLAS data-taking efficiency for 2012 (2011) was 93.1% (93.0%)
*The ATLAS good quality data was 95.8% (90.0%) of the recorded data
— High DQ partly due to eff. recovery from large data reprocessing
— @Given the high DQ efficiency, we use a common set of “good quality

data” across all analyses

Overall 88% of delivered luminosity is used for ATLAS physics analysis.




Computing and Simulation

The fast duty cycle of the LHC analyses is possible thanks to the Tier0
and GRID resources

Just in 2012, ATLAS experiment
produced >3 billions of MC
SR cRel cvents on the GRID and
processed ~3 billions of data
Data |disk events at Tier0 (of these 2
billions have been reprocessed
at Tiers1).

Tier-0 disk

MCtape

Data tape . . .
...-....--.-.-.---.-------Lm1wangﬁmwgkfgf On a single machine, it would

R R e require more than 15 thousands
years (without considering user
analyses, calibrations,
reprocessings, ...).




Event I:itm at random
(filled) bunch crossings

Average number of interactions per bunch crossing
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A5 =7 Tev \5 =7 Tav vs=8Tev

ATLAS
Online Luminosity

Peak interactions per crossing

g&

[ od

pOf 3 odt et pef Wb oot gt et 3 odt
Month in 2010 Month in 2011 Month in 2012

L=
2

, Kt

AR

Z — pu event with Npv= 25

* 2012 data-taking was a high pileup environment ( ~factor 2 higher than in 2011)
with sizable impact on physics, jets, E.™*° and tau reconstruction, as well as on

trigger rates and computing...
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Mean Number of Interactions per Crossing

Npv

*The pileup affects the physics object reconstruction and degrades the performance.

* ATLAS optimized the reconstruction in 2012 to reduce the dependence vs the number of
interactions per bunch crossing.

* The pileup dependence of the MET is reduced by weighting the objects contribution by the
fraction of momentum associated to the primary vertex of the hard scattering.




Jets performarice

Run Number: 159224, Event Number: 3533152
Date: 2010-07-18 11:05:54 CEST

Fractional JES uncertainty

D-1 [T T T I ) I T I T U T T L T T I ] —
0.09 - anti-k, A= 0.4, LOW+JES + in situ correction ~ ATLAS Preliminary
“"7F Data2012,ys=8TeV =
0.08 ;_"'I =00 [ ] Total uncertainty _;
= — Absolute insiu JES =
D'D?E == Relative in situ JES 3
0.06 == Flav. composition, inclusive jets —
- Flav. response, inclusive jets -
0.05F Pileup, average 2012 conditions —
- == Close-by jets, inclusive jets -
0.04 =
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0.01

‘o,
.I'

¥ [l
llllllllllllllllll
q.._

$ ATLAS

JA EXPERIMENT _
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Py [GeV]

Leading jet pT of 1.12 TeV

*Calorimeters are calibrated by the response to electron (EM scale calibration), while jets are
collimated sprays of hadrons. Specific corrections are needed for jet calibration (had . scale).
* Calibration of the jet energy is one of the main experimental uncertainty in several physics
analysis.

* Jet energy calibration is based on in-situ techniques: di-jet balance, y+jet balance, Z+jet-
balance, multi-jet balance.

* Precise knowledge of the Jet Energy scale and its uncertainties has been achieved.

* The experiment succeeded in obtaining a low dependence wrt pileup observables.
Luca Fiorini 10




Entries / GeV

Levtons verformarice
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C 0 e T V(2S) : E
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10_1%- 1 25| 1 |3 L1 |3|-I5 4.| Ll |||| L ! |_|% 10-1 Data 2019,@= 7 Tev | |
1 2 345 10 2030 100 200 1000 1 10 102
Mg, [GeV] muu [GeV]

* Lepton energy resolution is obtained from Z — Il lineshape fit
« Electron energy resolution is typically 2% for E_> 25 GeV

« Muon momentum resolution is typically 3% in most of the p_spectrum and up to 10% for 1

TeV
* |solation requirements are frequently applied to leptons to reduce the fake rate.
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* ATLAS employs Multivariate techniques for t identification and heavy flavor jet identification
* Heavy flavor jets identification combines both the 3D IP significance of the tracks as well as
the informations on the tracks associated to the secondary vertex.
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ATLAS Physics Results

volume 73 - number 8 - august- 2013
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Summary of ATLAS SM results

Inner error; stat
Outer error: total

-‘é 0] E— ATLAS Prellmlnary
I = 35pb” | _
S — ——— LHC pp VS =7 TeV.
= " B 35pb ! | Theory
10°E : o Data (L=0.035-46fb"
B LHC pp Vs = 8 TeV
3 s
107 E mm Theory
= i 58m" _ e Data(L=58-20fb"
B e Y
102 = 1Ofb1 K _I_
S I i
"H@125:GeV o ont Wy BR
__@___mm__g__i_zt.'afﬁ_n_._-_ I B
= | . 4.6 e
10§ 21" |z —m—
- 4.6 fb
W Tz T 1 T « T ww wz ' wt | zz

» Good agreement
with SM expectations
within uncertainties.

« Experimental
uncertainties are in
some cases at the
level of the theor.
predictions

Preliminary measurements of the cross-sections down to few pb (~tens of fb in some cases

if we include also the BR).
Comparable to Higgs production o

total

Luca Fiorini
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Top Production Summariy

Measurements of the ttbar cross section in different final states and
center of mass energies:

:‘A' Tevatron combination L = 8.8 o' . ' -
“m ATLAS dileptonL = 0.7 fb ATLAS+CMS Preliminary -
| O CMS dilepton L = 2.3 b’

ATLAS lepton+jets L = 0.7 fo'' TOPLHCWG

|
Om

CMS lepton+jets L = 2.3fb"
TOPLHCWG combination L = 1.1 fb
ATLAS dilepton L = 20.3 fb’’
CMS dilepton L = 2.4 b
ATLAS lepton+jets L=5.8fo '
CMS lepton+jets L = 2.8fb"

1

lo »

—
-
[\

|
c e 0

Inclusive tt cross section [pb]

200

—k
O

s NNLO+NNLL (pp) 100'. L

=== NNLO+NNLL (pp) 7 )
Czakon, Fiedler, Mitov, PRL 110 (2013} 252004
' I I IPTOE) 7 1?215 (|3|elv’ |P[|)F@ (Ixslunlcertaflntiesl ag:cqrdinq tol PlDF|4LlH(|3 L1 1

2 3 4 5 6 7 8 9
\s [TeV]
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Top Mass Measurement

ATLAS Single most precise mass measurement

. 600 T T T T T T T —
 New Top Mass measurement usinga 2 ATLAS Preliminary ~ * 1s=7TeVdata
3D template fit. :[2‘ 5001 J Ldtea 78" T Best Fit background _|

« ATLAS-CONF2013-046 y Best Fi
 Fitted Distributions: 400 Mop = 172312 075 1 G
. Mtopreco, MWreco and Rlbreco 200 bJSF = 1.006 + 0.008 .
» Reduces systematics by 40%
« Main improvement on the relative 200
scale of Biet-Light lets 100

LL1 .025 LI I L | L | T ‘ T ‘ T | LI | LI I e

Q i focont.2btags | | Tl :

- 20 cont. 2b-tags ‘PSO 140 150 160 170 180 190 200 210 220

102; —— 1o cont. 1b-tag | m{ggo [GeV]
- oo s SRR -- 2ccont. ibtag
: ,’:' ~\‘ \\\ —— 1o cont. comb. fit pbhad lb]f’]J
B N : = = 2c cont. comb. fit | reco,.2b  _ T i

B S Y ; B ™ = W Wy
N ] Pt P
B ' ] b

1010 - lag

i ] Rreco,lb _ i
B N N Wjell Wj612

1 005 A LASPrellmmary h (pp" " + Py )/2
i det 4a7f0" i
1‘ L Lyl ] | Mtop=172.31+0.75(stat+)SF+b)JSF)

1|71 172 173 174 175 176 177

+1.35 (Syst) GeV
Mo, [GEV] ( y )
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Top Mass Summariy

Measurements of the top mass in different final states

ATLAS Preliminary  m,,, summary - Oct. 2013, L =35 pb'- 4.7 fb”

2010, lepton+jets*

L : — 169.3 + 4.0 + 4.9
CONF-2011-033, |_“_rI =35 pb
2011, lepton-+jets ) —_— — 1745 + 0.6 + 0.4 + 2.3
Eur. Phys. J. C72 (2012) 2046, L =1.04 fb
2011, all jets bttt 1749 + 2.1 38

CONF-2012-030, L =2.05 fio!

2011, dilepton* 3.1
[P e e—
CONF-2012-082, L =47 fo" 175.2 + 1.6 + 2.8
2011 Iep10n+jets*’@
! } — 1 - 172.31+:0.23+0.27+0.67 £ 1.35
CONF-2013-048, |_"_I1 =471
. o0
i’;g ’ d"EF"E’” ~ R 173.09 + 0.64 +1.50
2013077, by =47 (stat) (JSF) (bJSF) (syst)
ATLAS Comb. Sept. 2013 (conF-2013-102) _
172.65+ 0.31__, + 1.40 e sroce ——— stat. uncertainty
o I stat. ® JSF & bJSF uncertainty
total uncertainty
| | | | | *Preliminary,@lnput comb. |
| ] |
155 160 165 170 175 180 185 190 195

My, [GeV]
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SM Higgs prod. rates

\'s= 7 TeV

~ 20 x Tevatron
for mH=125 GeV

LHC HIGGS XS WG 2010

o(H125 GeV) @pp Vs=8TeV

22.3 pb
102
: ‘ 1 1 1 1 1 1 1 |
100 200 300 400 500 1000
M, [GeV]
g q q Wiz g t
-- H -- H R
g q q H 9 t
(@) gg— H (b) VBF (c) VH (d) 7H
87% 7% 5% 1%

Huge progress also in the theoretical predictions of numerous and complex backgrounds
Excellent achievements of the theory community; very fruitful discussions with the
experiments (e.g. through LHC Higgs Cross Section WG, LPCC, etc.)

Luca Fiorini 18




SM Higgs decays modes

oxBR: Experimentally most sensitive channels vs mH

SM Higgs coupIng: % 10§ | ' | s = 8TeV —§
FHfmef 0 WW S Ve -
FHVV ~ m%/ o E LWW — ['vIV EE
107 ZZ - ITqﬁ__-:%
To establish its nature it is important to ZZ > TTw
measure the couplings to SM particles 5 77 5] |
(bosons, quarks, leptons) through its decays 10 E
and production modes. 1
107 =
For a mass of 125 GeV, the followingSM £ /' vi=vuyv fo—a I .
Higgs decays are accessible: 10° . N [ e
H—)W,H—)ZZ,H—>WW,H—>bb,H—>TT 200 250
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SM Higygs search channels

Depending on Higgs mass

different channels are relevant.

105 !
\'s = 7TeV

SM

LHC HIGGS XS WG 2011

Channel

Z/WH — Z/Whbb
ttH

H— 1t

H— up

H— yy

H > WW* - Ivly

H— 727* — 111l

110 - 150

110 -150

110 -150

110-150

110 -300

110 -600

Comments

Performed in multiple
categories

Good Signal/background
Fair mass resolution

Very Low BR
Good mass resolution

Low BR, best mass
resolution

Most sensitive in a large
mass range

Low background, good
mass resolution

Experimentally, experimental acceptance, background
rejections and resolution are important factors.

= 10g
o E
% i
w« 1E WW - fvgg 3
b C
10_1 : WW — VIV
1072k
-3
10°3¢ u
H “7
10700 200 300 400 500
M, [GeV]
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Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC



H =\

Features:
- Data sample divided in exclusive final states a

nd the

analysis is further optimized to sub-leading production modes (VBF and VH).

- Robust cut-based selection is used to define th

The main backgrounds:
- Irreducible: Di-photon yy

e categories.

- Reducible: Photon + jets, di-jets (jet is misidentified as y), EW

Main Discriminant variable:

= E/E)(1-c¢

0S &12)

Data 2011+2012
SM Higgs boson mH:1 26.8 GeV (fit)

Bkg (4th order polynomial)

H—yy

; Lﬁ/\\J ]
++++. .+IH+ H++.H++

vy? p g g - ﬁ}'rﬁll'r
> 10000f— T
B K - ATLAS
ggF mVBF WH ®m/H =ttH e .
ATLAS Simulation H—yy ~ 8000~
Inclusive - ﬂ —  TNS@. smssss=ss
Unconv. central low p. N [ 8 ~
I = = 6000—
Unconv. central high pﬂ 1T} —
Unconv. rest low p_ I : ....
Unconv. rest high p_ T 4000 —
Conv. central low P, B : , R
Conv. central highp_ [ L Vs=7TeV |Ldt=481b
Conv. resllowpﬂ I 2000/ r -1
I == C Vs=8TeV |Ldt=20.7fb
Conv. rest high [ N
Conv. transition B [@)] 500 =
Loose high-mass two-jet I ﬁ 400=
Tight high-mass two-jet | O 300
Low-mass two-jet I g 200
ET™ significance :I L 100
One-lepton ! 0
g 2 00 + $
so b by Ly b b b s b b a Laay S 200
0 10 20 30 40 50 60 70 80 90 100 > L n
signal composition (%) L 100 110 120
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Q_O 103 LI Ié I | I L | I LI | LI | LU | L | LI
—  102F -~SMH->yyexpectedp ATLAS
q — Observed p
o 10 0
3 =P
I T N/ A =, s Y
10° '-« eenpnii 30
107 B cemememene s 4G
10-5 ------------------- |
106 Data 20111s =7 TeV 56
107 — Obs. 2011 [ |
10°F ... Exp. 2011 |Ldt=4.81b o
110(.)10 — Obs. 2012 Data 2012 \s=8TeV
10" - - Exp. 2012 Ldt = 20.7 fb 76
1072 :
107°
10'14 11 1 1 11 1 1 I L1 1 1 I 11 1 1 | L1 1 | | L1 1 1 | L1 1 1 | L1 1 1 ]
110 115 120 125 130 135 140 145 150

my [GeV]
Significance at m, = 126.8 GeV:
/.4 o (expected 4.3)

* Clear single channel discovery
« ATLAS 7+8 TeV d/o,, (@ 126.8 GeV) = 1.65 £0.24 (stat.) = .. (syst.)
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H =\ couplings

= . [T T 1771 l LI | L T T T 1 I L I 1T T 1]
o 75+ Best ?;L [Ldt=481" s=7TeV = : ; ol
@ - —— 68% g C ——t— T - =
X 6 _ 1 e _ — u - : ' f -

. S 95% CL [Ldt =20.7 fb™, Vs = 8 TeV E I i —Stat.

§ S X sm E 3 5 oo
= 4:— --------- _: C E — yS . ]

- e T ] Hyar — H———t— -

= = - : H—yy .
3 ; = C ; ]
of ] E s fLdt=48f" 1s=7TeV :
n S = — P iH—H E
1E . . e Hagrts - : JLdt=20.7fb" \s =8 TeV 1
OE_ATLAS Preliminary ~ ""reeeeeiicene” = e AS Preiiminary
2011-2012 . - ;
= = C H=—H 2011-2012 =
13 m=1268GeV H-vy E " l | . my=1268GeV :
_2-1 -0 5 0 0 5 1 1.5 2 2.5 3 3.5 4 O 1 L Il 1 1 1 Il Il L 2 L Il 1 Il 3 1 Il 1 Il 4 L | L Il 5 Il Il 1 Il 6
H ogF i B/Bgy Signal strength

* New ATLAS results are inline with previous results and are compatible with SM within 2
sigmas.
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@ATLAS

EXPERIMENT
http://atlas.ch

Run: 182796
Event: 74566644
2011-05-30 @7:54:29 CEST




40— ® Data2011+2012 ATLAS

C SM Higgs Boson

- W Sures B o HoZZ* 4l

- m,=124.3 GeV (fit) , 1
35 \s=7TeV |JLdt=4.61b

- [ Background Z, ZZ* | 4
C [ Background Z+jets, tf Is=8TeV ILdt =207fb

T % Syst.Unc.

“Golden channel”
- Three different channels: 4e, 4, 2e2u
- Very high S/B
- ATLAS applies tight cuts
- Number of Higgs events under the peak is ~20
- Low stat channel @125 GeV 20

Main backgrounds: o]
» ZZ* (irreducible)
* ttbar, Z+jets

Events/5 GeV

3

o

25

NN
N

—
\ —————

100 150 I2OOI — I250

m,, [GeV]

g.j) 80: [ ] SM Higgs boson m =125 GeV ATLAS ]

» - C Bkg (120<m <130 GeV i
.Slgnal EXtI‘aCtlon: '_('% :’Da?a((1220<r;i“<f§0_(5e_\;) HoZZ*—4] 1
* 1D fit of m4l is performed E 70- L is=7Tev [Lat=4610"
" - s g =8TeV [Ldt=20.7 b
Additional lepton-tag category (VH-like) 60 i h
R ey I

S0 e i R T

;:::i:::::::::::‘;:::.*::::;,':::;::;:::::::::::::::_ ]

e

R L LR IR EEY CELEITEES A

SOk
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H = ZZ—> 4l p-value

o L | L | L L ‘ L | L | L
C—QU' 10°F — Ops 2012 ATLAS
S AT HoZZ* 4l Significance at m, = 124.3 GeV:
— o EXP 20T L Vs=7TeV [Ldt=46fo" 6.6 0 (expected 4.1)
10E - Exp Combination  s-8 TeV |Ldt =20.7 it
B o ~————— ATLAS: 7+8 TeV
10BN 7Y gl Gl @ 124.3 GeV = 1.7 05
107 \ - e 30
i o e F =
107 i i
107 >
10°k 460
1 0-11 :
%3 = /0
1 0'13 L1 1 1 | L1 1 1 | ‘.J"ll | 1 | L1 1 1 ‘ L 1 1 I.:n:| L1 1 1 | L1 1 1
110 120 130 140 150 160 170 180
my, [GeV]
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Run 214680, Event 2713337660
17 Nov 2012 07:42:05 CET
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o — : (1)) 7
O soof ATLAS ; e §?g1fbkg 10 - ATLAS Prellmmary —+— Big. sublracted Data -
= F \s=8TeV [Ldt=2071b" W swigesboson 2 b \s=7TeV, [ Lat=a6fb’ [ ] Hizseey :
—~ - =125GeV - [ ]
42 250 H->WW*—evuv + 0 jets - WQH 125 0e -] 42 _ \s=8TeV, J Ldt = 20.7 fb’" i
g : [ other wv 19 - HoWW Siviv + 0/1 jets ]
w200 S W-jets - W 100+ ]
N it ] B N
ul [ single Top _- _ i
150 o 2 - - ]

0
S0 100 150 200 250 30 60 80 100 120 140 160 180 200 220 240 260
m; [GeV] m; [GeV]
i 2 4
m3 = (Jmi +ph + E7) (b, + E7)]
Features:

- ATLAS divides the data in Ojet and 1jet and 2jet (VBF) categories.
- High production rate, but poor mass resolution
- Signal is extracted from a 2D fit techniques of m, vs m_

The main backgrounds:
- Irreducible: WW

- Reducible: top, Z+jets, W+jets
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H—> ‘I/V‘I/V —> [L\N resu[ts

=
= :_ATLAS s=7Tev [Lct=46M"
o 10°E HoWW*siviv s=8TeV |Ldt=207fb"
— 1oL — Obs.
= — Exp. m, = 125.5 GeV []+2 o6
L i1 0o
107 T 1o
10-2 --------------------------------------------- 20
103 30
10

10° a
'6 III|IIII|IIII|IIII|IIIII

10110 120 130 140 150 160 170 180 190 200
m, [GeV]

Significance m =125 GeV:

3.7 o (expected 3.8)
VBF-only Significance:
2.5 0 (expected 1.6)

ATLAS: 7+8 TeV o/o,, @ 125 GeV = 1.01+ 0.31
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H = WW = 22V couplings

E — | 1 I 1 | 1 1 I | | I 1 | | I 1 | | I 1 | 4
o’ 5 ATLAS Preliminary + SM -
e} " {s=7TeV]Ldt =46 o' + Best fit .
X [ \s=8TeVJLdt=20.7 ft’ — -2 InA(ggfvbf) < 2.3 ]
< 40 T —— e 2 InA(ggf vbf) < 6.0
+  F o RS N
Ié [ "/ \\\ 7]
=~ 3 \‘\\ —
B ™ ]
2 -
1= . =
— . e ]
= . _— ”,/ -
o T 7
[ I | ] ] | 1 ] ] | ] ] 1 | ] ] 1 | LTl

0 0.5 1 1.5 B2/B

X

Mg SM

» Result are compatible with SM within 1 sigma.
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Run: 204153
"i Event: 35369265

7 EXPERIMENT  2012-05-30 20:31:28 UTC




H = TT Analysis

* SM H— 11 analysis with full 2012 dataset Control Region Checks:
* Features: Agreement between data and MC
» ATLAS exploits the Tiep Viep’ Liep thad® Uhad Uhad final states is checked in Control Regions.
* Events are separated in 2-jets (VBF) and Examples of BDT distributions in
p,* boosted categories. data CR’s for major backgrounds.
MVA Analysis: signal is extracted from a binned fit of
the BDT score. o ATLAS-CONF-2013-108
% I E—T D;.:;.wmC;E % T;t thfb‘ iguat:Hﬁzs)—» W?
a 50X H(12%) =] 8 8TV 25w R 7 ne B
Source of Uncertainty Uncertainty on u — O e
Signal region statistics (data) 0.30 :f"ff‘f’%p .
Z — ¢£ normalization (TiepThad boosted) 0.13 s
ggF do/dp;, 0.12
JES 7 calibration 0.12 S ! g
Top normalization (7TiepTheg VBF) 0.12 BOT score BDT score
Top normalization (7iepThad boosted) 0.12 Tt ] S Footoeset | ATLAS prmnany
Z — ¢ normalization (TiepThaa YVBF) 0.12 P R g 10%[Lazow ooty Seewandce
QCD scale 0.07 ;20_3 ftuﬁ)—’ ] ;guj:mzswn
di-Tpaq trigger efficiency 0.07 Eg;:e T - oer
Fake backgrounds (7iepTiep) 0.07 ZE W Uncer
Thad identification efficiency 0.06 :
Z — "1~ normalization (TiepTnag) 0.06 ]
Thad €nergy scale 0.06 YT sl
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/

H =TT Analysis (2)

— LA L Y I L L N LN B 5 L A I B O I Y B B B B N B B -— AT T T T T T T T T T T T T |__
o ee + ep + uu VBF SR ATLAS Preliminary - t 105 L Mg + €Tnag VBF SR ATLAS Preliminary_: o 10 Thadthag VBF SR ATLAS Preliminary E
- = 3 — -
P [Ldt=203m" —+— Data o F [Lat=2031" —4— Data E P [ Ldt=203" —4— Data ]
€ 10° — H(125)> t o P C — H(125) = ] = — H(125)> 1t i
0 ls=8Tev ~we H(126) 7 (u=1) 3 S 1ot 's=8Tev e H(125) 1t (u=1) ] 0 10° (s=8Tev . H(125}> < (u=1)_|
L Bz o . > g Bz E L zZ- 3
Il Others ] w . I Others 7 I Others ]
[ Fake Lepton ol 0 Fake t i 0 Multi-jet ]
102 7224 Uncert. = 107 227 Uncert. _g 7% Uncert.
: ] 10 E
10 E 1 10 -
1 T 05 o0 05 1 1
-1 -0.5 0 0.5 1 - - - -1 -05 0 0.5 1
BDT score BDT score BDT score
105:|||||||||||‘||||||||||t o™ L Y I Y I Y I I Y L I B = -— L L L I L DL L IR
o E ee + ey + iy Boosted SR ATLAS Preliminary J S F ut,, + et,,, Boosted SR ATLAS Preliminary o 10° Tradhag BOOSEE SR ATLAS Preliminary
- ] B 1 - E
> - [ Ldt=2031" —+— Data ] ~ 10°[Ldt=203 1" —4— Data = I’ | Lat=203 10" —#— Data 3
T 10t —— H(125)= 1t 4 a2 B — H(125)— 11 ] c 5= — H(125)> T .
0 = (s=8Tev e H(125) z (u=1) ) Cis=gTev. H(125) = (u=1) ] ¢ s=8Tev. H(125) % (u=1) |
L - Iz ] LI>J 10%E B Zz= o L 103 Bz _
i I Others ] g Il Others E I Others ]
1035— [ Fake Lepton = [ Fake © ] - Multi-jet ]
g 722 Uncert. ] 10° 2222 Uncert. _: 777 Uncert. .
7 ] 10° o E
3 102 E E
] ] 10 E
E 10 E ]
1
05 0o 05 1 T 05 0 05 1 4 05 0 05 1

BDT score BDT score BDT score
* Data is divided in 6 signal regions and 9 control region to simultaneously fit signal and backgs.

Luca Fiorini 34




H =TT Analysis (3)

* ATLAS observes significant excess of data events in high S/B region:
* Excess is observed in all three channels
* Strong evidence of H— 11 decay: 4.1 ¢ observed @125 GeV (3.2 0 expected).
* Excess of data events is compatible with presence of Higgs at 125 GeV (events are
weighted by In[1+S/B] value of the corresponding BDT-score bin)

S ATLAS-CONF-2013-108
ﬂ 1 04 AL N Y N A S = L e ]
c §_._|—'— —e— Data E O 7oL ATLAS Preliminary ® Data =
L%J - [ ] Background - § 6 O;_ H— 1t VBF+BO?Sted ; ;Sii)_’ T (p=T '4)_§
. V- Background (u=0) - £ F [Ldt=203f0° B Others ]
10°E Bl +(125)- < (u=1.4) o S 0 ls_sTev e [ Fakes 3
= 3 e - - 7 Uncert. -
- H(125)-tc (u=1) 3 = 40 =
- y ) = =
Z i (73 30E -
21 | — - 7
10 - E £ 205 S
g - 10F- E
- Hot ﬁ-+-_1-.¢.|_ . OF :
10 = ATLAS Preiimi:wary = %’ i I:ﬁgfgﬁ‘;(@:} ;‘;I — + — .
e -~ < — I - 1t (U= —
- [La=2031 i & 107 T iso s mserei

- Vs=8TeV : s [ e PR

1 : | | 1 | L | 1 | | 1 | | | | { | | | | | l l | l = 3 O_ . L T“IIH\ e | ‘ L \ ‘ - Lo
-3 -2 -1 0 1 60 80 100 120 140 160 180 200
. MMC
log(S / B) Reweighted mass = [GeV]
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» Good sensitivity to VBF production mode

» Together with ATLAS H — pu results, it proves that the Higgs couplings is not the
same for all lepton flavours, in agreement with SM.

- Best fit o/o, = 1.4%° |

E 6 B T TT | T T | ITTT | T TT | ITTT | T TT | 1T | T T T TT
o - Hotr et ]
—_— B _ ] * Bestfi ]
m 5_— J Lat=20.31b — 95% Contour ]
XI B 'UE =8TevVv - 68% Contour 7

> - . + SM prediction -

% 4 — ATLAS Preliminary & Backgroundonly

> - |
=. L i

3 -
20 -
1 -
O -
_1: L 11 | L 111 | L1 11 | L1 11 | L1 11 | L1 11 | L 111 | L1 11 | L 11 1

2 -1 0 1 2 3 4 5 6 7

M oge X B/Bg,
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H = bbar

T T T | T T T T ‘ T T T T T T T | T ATLAS Prelim. == G(Stat) Total uncertainty
o(sys)

c B ]
_ oy - Dat i
._g - ATLAS Preliminary mm VH(bb) (best fit) m, = 125 GeV o(theo) + 16 on 1
o 6001 \s=7Tev [Lat=471" vz - — =K A
B %4 Uncertainty ] x1. . . .
S [ s-sTev|ldt=2031" VHD) (1=10) ] VH(bD), 7TeV  hos | ——
'g 500 0+1+2lep., 2+3 jets, 2 tags T =% a0z I S S
n - ] VH, Olepton M=-272%l4138 ——— L
40“_';400-_ B VH, 1lepton [=-25701416 | smmef—ma = 1 0 0
— » I T e 407,50 : - : . :
C B — 7] VH, 2leptons =06 |+3.1 | n —
w B ] +0.5 : 1 EE
£300F __ 4 |VH(bb),8Tev Lo, | -
o f 1 ] O s I N | 1 AN
B ] = 1.0 : ] oo
Waoool - (VH,Olepton  1=09,,1708 | x R
B 1 VH, 1 lepton n=0.7 H +0.8 | 1 ll—-'—l | : |
100__ E VH, 2 leptons 1 =-0. 371_3 +1.2 i ; | R
- - +0.5 : : I
: 7777777 Comb VH(bb) 02+0.7 i04 h—
0 __._% o —.—.J—':.—.' A s, -’l -‘, /’/ _____________________ l’} _?___._ _io;é_iglj__ | I I I I
L Z: A VH,Olepton  11=05 ls08 | = = " e ;
» 41'1 ””””””””””””””” el B —— ] — —
= c o e b b b VH, 1 |ept0n u= 0-1_::2 +0.8 I : I I
50 100 150 200 250 VH, 2 leptons 1L = -0. 4_ +1.2 L ee—
14 |4|2|i|
m,, [GeV] Is=7TeV [Ldt=4.7 o’ ) ) U e 4
Vs =8 TeV [Ldt =20.3 6" Signal strength [u]

 Results are updated to full Run 1 statistics

« Signal region defined by the presence of 2 b-tagged jets and large MET or 1
or 2 leptons. 0-tag, 1-tag used as CRs.

» Main backgrounds are VZ and ttbar

e Poor mass resolution and low purity
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Higgs Mass

Couplings
5 pm/i’arzty

(Why we can call the new particle a Higgs Boson with high C.L.)



‘Mass combination

S b ATLAS  Combined (statsys)
M [ Vs=7TeV|Ldt=46-48f" oo Combined (stat only)
- s=8TeV [Ldt=207 b — H-oyy
6~ —— HZ2Z" > 4l
57
A 20
3_
2_
| - T A — 16
C | | L 111 | L1 1 |

L1 1 1 ‘ L1 1 1 | L1 1 1
921 122 123 124 125 126 127 128 129
my [GeV]

m, = 125.5 £0.2(stat) **° . (syst) GeV

Signal strength (u)

N

w
o

[5]

25

— ATLAS — Yy+ZZ*+WW* combined

- Us=7TeV det =4.6-4.81b" — H-oyy

L {s=8TeV det =20.7 fb! — HoZZ >4l

- — H—-> WW* > Iviv

- T X Best fit

B —— 68% CL

T 95% CL
_l\llllllllll\\I|IIII|I\I\|IIII|III\
122 123 124 125 126 127 128 129

my, [GeV]

* The two signal strengths are treated as independent nuisance parameters and allowed to

vary independently.
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Signal Strengih

ATLAS-CONF-2013-108

ATLAS Prelim. |—olstatistical)  Total uncertainty H:O'/O'SM

m, = 125.5 GeV — o(syst.incl.theo.) 4 45 on u
— o(theory)

+023[Phys_ Left. B 726 (2013) 88

H—yy -022 :

g5 I — 1u=0 no Higgs
R P

—

w=155030% :
) 028|012 M. H
+0.35[Phys. Lett, B 726 (2013) 88 =1 SM H gg
H— 2z* - 4I - R o H 995
Z033 : 1
|—|

= 1437040\ 07 .
035|010l g
T0.20[Phys L et B726(2013)88
H— WW* = Wiv ‘g;; f
w=099"%" 032 |
-028| 009 i I AR B

—
——
'—

T I
T

- +0.13]Phys. Lett B 726 (2013) 88
Comblneci . Toaa| e SR (2013)
H—)Y"{, 22 . ww + 017
2013

n=13302""55 :
B SUAL IR I IR I e

T
|

105 ' ; ATEAS-CONF-2013-079

W,ZH - bb

07|74 —_—
u=0.2 06 :

<01 i
+0.3 |ATLAS-CONF-2013-108 ! i
H— tt (8TeV: 20.3 fb) 33 :

+05|-03
u=14 .03 :
-04| g2 | N N I

5=7TeV|Ldt=464.8M" -05 0 05 1 15 2
(s=8TeV [Ldt = 20.7/20.3 o' Signal strength (u)

—

» The best fit of the signal strength is compatible with the SM.
e H— bb and H — tt to be added soon to the combination
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Couplings

E 10 L LI L I LU L | LU I LI | L I LI | L ATLAS +6§:tyast)) Total Uncertainty
7%} — .. — ol
a8 - ATLAS Preliminary - m, = 125.5 GeV othesy ~Tlo  t20
m = ; 4 4 v04] | - 7
% 8l Vs=7TeV: |Ldt=4.6481" _] H oy S -
T - {s=8TeV: |Ldt=13-20.7 " AR - = B ST
Z : - it _ q {109 | o
IE.IS 6 — — ggF+ttH -0.5 tgg 14
S — —H-yy . + Standard Model - - l i i 1 i
= - —H-zz" 54 X Bestiit ] ] “os| L
4l — H o ww" 5 v — 68% CL - Hozzi-a 1 ol
B ; H- === 95% CL a YervH 624 o4 //
- ) _ Fah 0.9+ 03|\ L
2 7 ‘\“ ] 99 -0.2 \\ | i i 10
- 3 - +08| |
B 5 N H—o WW* > ivlv |8 \ Do
__ __ +2.0 A S
0 B _ YeravH 2 O+2.2 o7 : 5 s
et i Fograun 10405 ¢ L
B . 7] 2| : :
1 : !
2|~ ] Combined o8 : \ A
- m, =1255 GeV . Hovy, ZZZ WW5 el o e ,
_4 _\ ool b b b s b b s b by Ly \_ MVBFNH =1 4+O_7 -04 :
-2 1 3 4 5 6 7 8 Hogrout — 1777051702 | - 1 ] ..... g
o x B/ BSM (s=7TeV [Ldt=4.6-4.81b" 0 123 45

ggF+ttH

s=8TeV [Ldt=20.7 fb" uVBF+VH / MggFmH

 Sensitivity of each channel to different production modes

*H— ywand ATLAS H — WW provide good sensitivity to VBF production
mode. ATLAS excluded |, / 4 =0 at3.10

ggF+ttH
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v, - ‘H—obb ¢ Ho1t
- ATLAS Preiiminary . COHSIE EEH s iy
Q[ 15=TTeV, [Lat=46481 #3H — vy Elcombined |
- s =8TeV,/Ldt = 13-20.7 b + SM x Best Fit
2
1
0

. ’ .\.IIIIIIII!

\\IIIIIII!AIIIIIII
06 07 08 09 1 11 12 13 14 15 16

« Couplings are grouped: K,=K,=K,; K. =K =K=K

» Assumptions:

—gg — H and H — yy only through SM particles

— only SM particles contribute to decay

 With current data (latest H — 11 result not included), sensitivity to k_ is

mostly through top in loops.
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Spin Measuremert

« Critical to establish JP of the new boson. P | Descripton |

» Kinematic distributions are used to 0 CP-odd scalar
distinguish different signal models 0,+
» Probe different amplitude structures.

CP-even w/ HD operators

» Test compatibility of data with distinct ' Axial-vector
simple models. T Vector

e ATLAS results from H — ZZ and H - WW 2, (gg)  gg->min coupling grav
and H — yy analyses 2,.5(qq) qg->min coupling grav

* ATLAS uses BDT and MELA for H — ZZ, BDT for H - WW and 1D fit for H — yy
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Spin/Parity Results

T T T T I T T T T | T
[ e Data

%25— ATL)\S - I—_
@ . [l Background zz* Hos77* 4] ]
= . " [l Background Z-+jets, tt
. C . . : : : = 0;__JP=°+ \s=7 TeV [Ldt=461" 1
ompatibility with spin/parity hypothesis i) \s=8 TeV |Ldt = 207 fb'
is evaluated with a log-likelihood ratio. 15[
* Often based on BDT distributions built i
from quantities sensitive to spin/parity 190
L 5
* Distributions corresponds to pseudo- -
experiments. ol ]
-1 -0.5 0 %SDT 1
output
* Similar studies of spin and parity for . e
H—ywandH—- WW S go5f. ATLAS —Data -
g - HoZZr >4l _p_o
. _ _ @ - Us=7TeV [Ldt=4.61b" R
Shq\{vn in the plots Is the H_ — 727" 2 020 | gtev oot o0
sensitivity to the particle parity. €
= 0.15( -"l -‘-,I 7]
S N
0.1 AN -
A |
0.05- .
! | |
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Spin Results (2)

ATLAS ATLAS
H- yy e Data H- yy ¢ Data
Vs=8TeV [Ldt=20.7 fb" Vs=8TeV [Ldt=20.7 fo"
i v CL, expected i v CL, expected
H— 27" -4l assuming JP=0"* H— 27" — 4l assuming JP=0"*
Vs =7TeV [Ldt= 46" B+io \s=7TeV [Ldt=461b" Beis
Vs =8TeV [Ldt=20.7fb" a Vs=8TeV [Ldt=207 fb" a
H — WW* — evuv/uvev H - WW* — evuv/uvev
Vs=8TeV [Ldt=20.7 fb" Vs=8TeV [Ldt=20.7 fb"
—~ 1 .
a§
)
10"
—
o
107
10°
10}
10°}
10° P - P + P - P +
JP=0" JP=1* JP=-1 JP-2 0 25 50 75 100
f_ (%

*Analyses are re-optimized for spin analysis
« H — ZZ analysis disfavour 0-, 1* and 1~ and 2_* hypotheses at >20.

« H— WW and H — yy are complementary in probing the 2_* as a function of the gqbar

and gluon fusion production fraction of the new particle.
Observed results disfavour 2_+ hypothesis by more than 3o.
Luca Fiorini 45




More Higgs highlights

* Recent update on charged H* — r*vsearches:
» Final states with hadronically decaying taus
« Exploit m_ distribution to extract the signal

» Results for both below and above top-quark
threshold: (t — Hb and pp — tH)

50 ATLAS-CONF-2013-090
Q _IIII||||||||||||||||||||||||||||||_ Q _“Illllllllllv'llll T T 1 T T T T 1 |||LL'I|I|||_
c - — — - Median expected exclusion Data 201 2 c 650, /7 - .
S | [ Observed exclusion 95% CL / ! - /7 THets -
50 B IR Observed +1c theory T+jet3 60F & /’..., ' E
IR Observed -1 theory d - WS ’ ]
T — —- Expected exclusion 2011 ] B v . i
40 - Observed exclusion 2011 - 5 ";ZATLAS Preliminary
- ATLAS Preliminary | " ’ T {5-8 TeV y .
i \s=8 TeV 1 50/ ST S e
30__ h - C -~ Data 2012 i
L _ -1 /- . o ] i
ol JLdt = Ui ] 450 JLdt =19.5f"
i ’ /- 40 :_ s — — - Median expected exclusion _:
T E :l Observed exclusion 95% CL E
35:— ------ Observed +1o theory —:
% e Observed -1o theory ]
0 30 C 1 11 I L 11 | 111 I 11 I 111 | 111 I 111 | 111 I 11 I 111 ]
90 100 110 120 130 140 150 160 200220 240 260 280 300 320 340 360 380 400
m,- [GeV] m,. [GeV]
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The “we have not found SUSY yet” plot

T{ﬂ production

Status: SUSY 2013

IIIIIIIIIIII

LI I
— ATLAS Preliminary

| = Observed limits
| === Expected limits

L All limits at 95% CL

B CDF 2.6 fo''[1203.4171]

LI LT

1L
IIIIl|ll'IIIIIIIIIIIIIIIIIIIIIIIIIIIIII_

oL, t->t%

1L, tot zB

2L, - t’)'(?

2L, > Wb,

OL, mono-jet/c-tag,t,— ¢ 7(?

oL, m, = mi+ 5 GeV

12L,t— b, m . =106 GeV

1L, - b, m, =150 GeV

2Lt > b, mxl =m; - 10 GeV

1-2Lt, > by, m, =2xm,
X% X,

Ly =20-21fb" 1s=8 TeV

OL ATLAS-CONF-2013-024

1L ATLAS-CONF-2013-037

2L ATLAS-CONF-2013-065

2L ATLAS-CONF-2013-048

OL mono-jet/c-tag, CONF-2013-068
OL 1308.2631

1L CONF-2013-037, OL 1308.2631
2L ATLAS-CONF-2013-048
1L CONF-2013-037, 2L CONF-2013-048

tock, o WhE, /T 17X,

L = 4.7 o (s=7 TeV —

0L [1208.1447]
1L [1208.2590]
2L [1209.4186]

2L [1208.4305], 1-2L.[1209.2102] _]

1-2L [1209.2102] -
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SUSY Highlights

Long-lived R-hadrons search:

e Search in the empty bunches. Main backgrounds 2 ool T wemew o ]
are cosmic rays and remaining beam-halo g — T000 GeVaxion ]
. 10° -
background. 515 hours of live data analyzed : :
« Event Selection requires one jet of E>100/300 GeV 3 E
and veto muon segments. 10 .
« Control region with looser requirements are used to L N -
0 5 6
mOdel the baCkgI’OUndS Number of Jets
 Allow to set limits on e.g. “split-SUSY”, where gluino Control Region with relaxed muon
lifetime is expected to be long (squark mass>>gluino and jet requirements
mass).
arXiv:1310.6584 — : : :
> ST T T T T T T T T T T TS £ 35 - = Expected Limit
3 - ATLAS  50f'@is-7Tev 8= Daia - & ATLAS [ Expected Limit (+10u)
S 30— 229" @ 1's=8 TeV ﬁgzzmiab — § 301 géogﬁill@ﬁ:_7TeV —  Observed Limit )l
: E — eV g E k> i\-/C imcI: .3hours I = pp— &8 Theory
£ 25:_ —?SSOGGZ\?Q x100 % 25+ gaitEJr;z_ngzsz v I Scale + PDF
L% 205_ _E ;g 20l ngeric,gLeading Jet Energy > 100 GeV
- - a
15:_ _: g 15}
2 : 3
1027 E R S TTN). CFCTTErErrre
] in
5 =
] St
T T I e
0 100 200 300 400 500 600 700 800 900 1000 0 , ‘ , l J ) :
400 500 600 700 800 900 1000

Leading Jet Energy [GeV]

Gluino Mass [Gev]
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SUSY Highlights (2)

Search for nearly mass-degenerate chargino:

* In Anomaly-mediated supersymmetry breaking (AMSB), chargino can
have a lifetime long enough to be observed in the detector before
decay.

« Sensitive to lifetime in the range 0.1-10 ns.

» Analysis exploits the TRT detector to identify efficiently “disappearing »
fracks candidates”’.

« Ajetof p.>90 GeV and E.™*> 90 GeV are also required to trigger the

event.
» Result greatly extend previous LEP limits for low Am,

Soft - undetected

arXiv:1310.3675 tanp=5u>0
- 220 | TTTT I TTTT I P
> A Observed 95% CL limit (+15,, )
% ; Expected 95% CL limit (+10,,,)
= 210 ATLAS (1s=7TeV, 4.7 fb", EW prod.)
T > 10°g— : E . é ALEPH (Phys. Lett. B533 223 (2002))
S 107E —e— Data(is—8Tev, |Lat-2031") ATLAS & [ ATLAS e Toaibackground < e e Lot BT 262 (2013
© 10 R o < 10°g Interacting hadron 200 ~_‘Stable’ ¥,
= GF SM MC prediction @ F 4 reeeess P asured ]
10 w m.= 200 GeV,t.. = 0.2 ns (Decay radius < infinite) 8 1 03 - \s =8TeV, j.Ldl =20.3fb ’\Elllectron A TLAS -
5 . " . < Fe . “C'200 GeV, 7., = 0.2 190 -
1 04 - mij =200 GeV, 1:;(j =0.2ns (Decay radius < 563 mm) - 1 02 L E;: i ggg ggv E;% f ?g EE ls—8TeV, j Ldt=20.3 fb'1 .
10 E % T ]
0000 ]
T oveug®® e, 10 180 =
. L e . I S N -
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http://arxiv.org/abs/1310.3675
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New Physics (non-SUSY) Summary

Large ED (ADD) : monojet + £, ...

Large ED (ADD) : monophoton + £,
% Large ED (ADD) : diphoton & dilepton, m.
5] UED : diphoton + E, ..
2 s'z, ED : dilepton, m,
g RS1 : dilepton, m,
= RS1: WW resonance, my
@ Bulk RS : ZZ resonance, m,,
= RS g, — 1t (BR=0.925) : {f  I+jets,m_
Wy

ADD BH {M,,, /M,=3) : S8 dimuon, N,

ADD BH (M, /M, =3) - leptons + jets. S p
Qu. lack ij Fx(m,
Juantum black .

qqll Cl : ee &}L}L,rﬂ

eslup

Z' (SSM) i m,,

3 Z' (leptophobic topcolor) : t — I+jets, m

W' (SSM) -,

W (—=1tq,g9 =1) im,,

e W (= tb, LREM) :m,
Scalar LQ pair (#=1) : kin. vars. in eejj, evjj
__OJ Scalar LQ pair (5=1) : kin. vars. in ppjj, pvjj
Scalar LQ pair {(B=1) : kin. vars. in 1jj, Tvjj

, 4™ generation : tt— WbWb
4th generation : b'b' — SS dilepton + jets + E

LMEEs

Vector-like quark : TT— Ht+X

Vector-like quark : GC,m, ,

Excited quarks : y-jet resonance, m
Excited quarks : dijet resonance, i,

Excited b quark : W-t resgnance, m,,

Excited leptons : I-y resonance, m
e Techni-hadrons (LSTC) - "d'i'l'éﬁt"c':'ﬁ"'ﬁi'e;”:"'

Techni-hadrons (LSTC) : WZ resonance {h.rll],mwz
Major. neutr. (LRSM, no mixing) : 2-lep + jets

Heavy I?ﬁgon N* {type Ill seesaw) : 2-1 resonance, 1,
| (DY prad., BR{HT_i—)II]:H : 85 ee (up), m

Color octet scalar : dijet resonance, m,

Multi-charged particles (DY prod.) : highly ionizing tracks

Mass scale reach

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

IIII| ! T TTTT
My, (8=2)

Mg (5=2)

ATLAS

M3 (HLZ 5=3, NLO} Preliminary

Compact. scale R

M~ R

Graviton mass (k/My = 0.1)
Graviton mass (k/Mg, = 0.1)
Graviton mass (k/M, = 1.0)

g,, mass

My (56)
My (5=6)

J-Ldf =(1-20)fb"
fs=7,8TeV
My, (5=6)

TETeW A
1387eV A {constructive int.)

L=4.81b", 7 TeV [1210.1718]
1=5.0 16", 7 TeV [1211.1150]

a3ted A (C=1)
S
286 TeV_ 7' mass
14Te¥ 7' mass
1B8TeV_ 7' mass
255Tev VW' mass

L=143 1" 8 TeV [ATLAS-CONF-2013.051]
L=20 1", 8 TeV [ATLAS-CONF-2013-017]
£=4.7 th”, 7 TeV [1210.6604]

1=14.3 1b”. 8 TeV [ATLAS-CONF-2013-052]
L=4.7 b7, 7 TeV [1209.4446]

=47 b, 7 TeV [1209.6503]

L=14.3 1b”, 8 TeV [ATLAS-CONF-2013-050]
L=1.0 b7, 7 TeV [1112.4828)

L=1.0 b7, 7 TeV [1203.3172]

430 GeV W' mass

1.84TeV_ W' mass
e60Gev T gen. LQ mass
sescav 2" gen. LQ mass
L=4.7 1b", 7 TeV [1303.0526] 534Ge¥ 3" gen. LQ mass
L=4.7 16", 7 TV [1210.5488] 656 GaV | 1" mass

f=14.3 b, 8 Tev JATLAS- CONF-2013-051) 720 GeV_ b’ mass

L=143 1”7, 8 TeV [ATLAS CONF-2013-018] 790 Gev | T mass (isospin doublet)
L=461b7, T TeW [ATLAS-CONF-2012-437] 1.42TeV. VLQ mass (charge -1/3, coupling xq = v/mg)

1=2.1 b7, T TeV [1112.3580) 246TeV Q" mass
£=13.0 1b”, 8 TeV [ATLAS-CONF-2012-148] 384 TeV| q° Mass
L=4.7 b, 7 TaV [1301.1583] 870.GeV. b* mass (left-handed coupling)
22TeV_ I* mass (A =m{*))
p oy mass (mip Jog)-mix) =M )
p, mass (m(p,) =mlx;) +my. m(a) = 1.1m(p,))
N mass (m(W ) = 2 TeV)
N* mass (|V | = 0.055, |V | = 0.063, |V| = 0)
H* mass (limit at 398 GeV for pu)
Scalar resonance mass

L=13.0 1b", 8 TeV [ATLAS-COMNF-2012-1486]

mass {|g| = de)

TBSS
L 111 | |

10

L 111
10°
Mass scale [TeV]

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

< LHC startup, Vs =900 GeV

Runit
Vs=7~8 TeV, L=6x10%3 cm2s!, bunch spacing 50 ns

~20-25 fb"!
Go to design energy, nominal luminosity NOW!
Run2
Vs=13~14 TeV, L~1x103¢ cm2s1, bunch spacing 25 ns
~75-100 fb-!
Injector and LHC Phase-1 upgrade to ultimate design luminosity
Phase1t _
Vs=14 TeV, L~2x103 cm2 s, bunch spacing 25 ns
. ~350 fb!

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

Phase2 _
Vs=14 TeV, L=5x103* cm2 57, luminosity levelling

~3000 fb~
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ATLAS Upgrade

*ATLAS upgrade schedule is coupled to the LHC upgrade stages.

2015 2016 2017 2018
Qr'Q2 Q3|4 latTa2 03 |04 Q2,03 104)Q1 OZ Q3,04|Q1]Q2'03 04

102

2019

Tad a1 0234 ]a

2020 2021
[ed] OZ Q3|04

LHC
Injectors

a2 2023 2024 2025
‘a1Ta2Ta3 04 ]ai Ta2Ta3 a4 |1 [2TasTas[ar a2 | asTsz

- —

2026

ad]at @2 |03aa

2027 2028

[a1Taz2]03 |04

lL*:Ct LS 3 Run 4

2029 2030 2031 2032

QrjQ2las o4 Q2103 g4|alj@2jR3'adjQl @2 10314 1a1 Q2 1@Q3 |04

2033

2034 2035

Q1 Q21Q3|Q4|a1'Q2 Q3|04

Run 5

LHC
. s l
Injectors

LS 5 I

* Phase-0 (2015-2018)

New pixel b-layer (IBL)
New beam pipe

New Diamond beam detector
Consolidation of the detector
Restore ID dead modules
Calorimeter Power Supplies
Additional muon chambers
Increase reliability of magnet
cryogenics and ID cooling
Exploit last layer of the barrel
calorimeter to reduce fake
muon triggers

Topological Trigger

* Phase-1 (2020-2022)

New muon small wheel
(NSW)

High precision calorimeter
trigger

Fast Tracker trigger (FTK)

New forward proton detector
(AFP)

* Phase-2 (2025-)

Brand new tracker (ITK)
Calorimeter electronics upgrade
Upgrade of the muon system

New hardware trigger level (LO)

Luca Fiorini
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Phase-0: Insertable B-Layer (IBL)

* IBL is the new Pixel layer, mounted
on the beam-pipe.

* Inner Support Tube inserted 2mm
from the existing B-layer.

* Infrastructure is ready to receive
the IBL staves.

» Baseline is to install the IBL in May

IP3D+SV1 : tt sample

—
o
=~
T T TTTH
Lol

—— IBL geometry

—— ATLAS geometry

Light jet rejection
o
[s]

-y
o
Mo

10

0.6 0.7 0.8 0.9
b jet efficiency
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(e
'CJ__I_ | IIIIIII|
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Phase-0: Irigger/DAQ,

* HLT Trigger: significant speed increases (>3x) achieved in several areas
 thanks to detailed code inspection, profiling and hand-optimisation
* helps compensate for pile up increase, allow more use of offline algorithms
« on track, but more work to be done for Run-2

» Level-1 Trigger upgrade during LS1 (CERN-LHCC-2013-018):

« L1-Topo provides extra rejection at L1
 for B-physics, H — 11, ZH — wwbb

» L1Calo upgrades deal with high rates from bunch train effects:
 Signal Filtering and dynamic pedestals in nMCMs (part of the

L1Calo preprocessor modules

nMCM reduces ' |
bunch train
effects on the
trigger using an
autocorrelation
filter. First
boards tested,
~3000 needed
being produced

L1 Rate [kHZ]

Luca Fiorini

2

10°

ATLAS Preliminary Simulation
— 2011: Matched + 1 GeV noise cuts
— 2012: Matched + 2012 noise cuts

— Autocorr. + 0.5% occ. noise cuts
—— Autocorr. + 0.5% occ. noise cuts + p. c.

/

Vs =14 TeV, () = 54, 25 ns \
RN R RUREN A

o

PR AT N TSI B!
20 40 60 80 100 120 140
MET Threshold [GeV]

Topo-processor will
allow cut on event
topology, e.g. angle of
E, Vs with jets.
prototype under test

ZH — vibb

[

[_] minBias_mu81 mc12 14 TeV

Events with at least two L1 central jets

ATLAS Preliminary
Simulation

PR I PSS Iy

ZH125_nunubb mc12 8 TeV

OO

0.5

oo b L !
1 1.5 2 25 3
min IdPhi(L1_MET, L1 central jets)I
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Phase-1: New. Small Wheel

* NSW will enable to:
» reduce the LVL1 Muon trigger rate in the End Cap now dominated by fake triggers
* maintain excellent tracking capabilities at very high background rate

* New Small Wheel TDRs approved by LHCC in Dec 2013.

ATLAS Run 201289 [LB 96-566], LHC Fill 2516, Apr. 15 2012, 50ns spacing EM

E TT | L | T T TT | LI | T 1T | L | LI | T 1T | T T TT | T I_ ™

e r - . Bi

% 00l ATLAS Preliminary I B g

— = [ — .

§ F L'I_MU1‘I Ral : I ] Wheel:

E 250:— | matched to reconstructed muon —: p res e nt
- . Rol matched to p, >10GeV reco. muon _ .

200 | ] trigger

Bl EndC c
m/ _ I ‘_I-'M \
P B
7 7 77 B field f//
New Small
Wheet:
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Phase-2: New Inner Tracker

» A complete new Inner detector will be needed for the Phase-2:
« Radiation damage: Current ID cannot withstand the radiation damage dose

corresponding to more than about 400 fb' at nominal LHC parameters

« Bandwidth saturation: the bandwidth of the current front-end read-out cannot

cope with the occupancy expected for luminosity above 3+10%* cm=s

* Occupancy: TRT straw will approach 100% occupancy for pileup ~150

interactions per bunch crossing.

1 MeV neutron equivalent fluence

120

100

Luca Fiorini
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Higgs Sensitivity

ATLAS Simulation Preliminary ATLAS Preliminary
/S =14 TeV: |Ldt=300 b ; [Ldt=3000 b Is=14 TeV: |Ldt=3001b " ; ILdt=3000 fb

I T 1 T T & F ] F T &1

H-pp  (comb) | _ £

(ttH-like)

Htt (VBF-ike)
H-/Z7 (comb)
{VH-like)
(ttH-like)
(VBF-like)
(ggF-like)
H—WW (comb.)
(VBF-like)

{(+1j)

{(+0j)

H—=Zy (incl)
Hoyy (comb)
(VH-like)
(ttH-like)
(VBF-like)

(+1j)

{(+0j)

0 0.1 0.2 0.3

(Zviz

Ky
*Run-2 will give the opportunity to measure more precisely rare production
modes (ttH, VH and VBF) and improve the measurement of the mass and
couplings.
*Phase-1 and phase-2 will allow to measure rare decays (H — pu and H ->2y)

Al AAXY=A( 3)
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Higgs width study

« SM Higgs width for m =125 GeV is about 4 MeV. Not possible to measure the
width directly.

* Interference between signal and background should shift the apparent peak
position, because of the dependence of the production rate on m, (Dixon and Li

arXiv:1305.3854)
s A 4
@ C R : = . .
Q —  ATLAS Simulation p.,, <30 GeV - E  ATLAS Simulation P,,, <30 GeV
"} 3 |nterferer_1ce 1eal component Jl FH =1x rH’.SM ‘ E Apparent mass shift ~ }"H =1x I‘H -
E - preliminary ’ o DA, o 3 preliminary ! r.=10xr
- 2 —rH=100er.sm = _rH=100xF'SM
- ———nema er‘IOOO)(rHSM 25— H H.5M
1: ! g —eeme I, = 1000 x FHISM
= 2
olE=— A— 15 :—
[ e P —
£ F_w--~“ 1
—1_— 3 e § = .--"'!'
C i 05—
-2[ATL-PHYS-PUB-2013-014 | o= _
E *:; = e e
__|||||||||||r|||1||||||||f|I||||||||I|||||||||||||| —05:— ATL-PHYS-PUB-2013-014 2 T
?00 105 110 115 120 125 130 135 140 145 150 =
m‘,,?. [GeV] — | | | PR T N R T |
0

-11 115 120 125 130 135 140

-

Interference of the H — yy with the yy continuum has an effect on the
production rate and on the peak position as a function of p.%, that can be

measured comparing results with low and high p_".
Limits on the Higgs width of 220 (40) times the SM I, are possible with 300
(3000) b
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SUSY Physics Projections

« ATLAS recently presented new detailed studies on the expected sensitivity for Phase-1
and Phase-2 LHC upgrades.
« SUSY: 3000 fb' typically extend mass reaches by 30-50% compared to 300 fb.

mf:, [GeV]

¢ t
I P
ny é ~0
A - i -7 X1
=0 ~
A ~<_ )
| > ; X7
4 P
! t
600 ATL-PHYS-PUB-2013-011
N \s= 14 TeV ATLAS Simulation Preliminary 1000
| ) ) ;‘ - T T T R T T I. | T T .I | T T T | T T T | T T T T T .
L -1 i _ O, E o= =300 fb™' (<u>=60) 50 di =
B 300 fb exclu5|1on, u =60 P Vs=714 TeV m2300 b E"E”GO} 959 oL exclusion =
B - i = =3000 fb"! (<u>=140) 56 di —
soof- P = 700 aid i S e,
» Y T e — e -lepton): 95% obs. limit-
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Ly R owrzy .7 % 600 3
T N : - : s T,
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B l' ‘i" ‘. ln E_ ' E _E
200__ "”l ..',o' ‘\ ,“ 400E ,.. E
- ,.’" .,,po‘ \“ H 300;_ ': ': _;
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Summary

» Qutstanding performance from the LHC team and experiments. majority of the
Higgs decay channels have been updated to full Run 1 statistics.

» Measurements the properties of the new boson:
 ATLAS measured the mass with high accuracy.
 Signal strength and Fermionic and Bosonic couplings are compatible with the
Standard Model Higgs.
« Spin/Parity: high compatibility with spin-0+

» More SM measurements and New Physics searches are in progress with Run-
1 data.

» LHC will restart delivering p-p collisions in 2015 with unprecedented center of
mass energy.
« ATLAS maintenance and upgrade for Run-2 is in progress. IBL to be lowered
In the cavern during spring.
» Preparation for Phase-I and Phase-Il upgrades is on-going:
» Higher luminosity implies harsher environment and ATLAS is being prepared
to fully exploit the LHC potential.
» ATLAS physics reach will be greatly extended thanks to the LHC upgrade

Luca Fioriri
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Background p-value
3

102
107
10
107°

TeVatron Results

TeVatron updated their Higgs boson search results with ~10 fb"
Most sensitive channels are (V)H — (V)bb, H - WW. Analyses of H — yy and

H — 1T are also included.

Tevatron Run Il Preliminary, L < 10 fb

% -1 e 1-CL, Observed

E Tevatll'on Run I, .Lmt.s 1010 == 1-6L. Expected m,, = 125 GeV/c?

= SM Higgs Combination — — 1-CL, m,~125 GeV/c? [ combined (68%)
3 [ Expected +1 s.d. B ~&- Single Channel
B [ ] Expected+2 s.d.

16 H—yy - =
2c -
H- W'W
------ 3o .
H— t't
—————————— 4 Hopb -
1 I 1 1 1
180 200 A T N (N N N B
0 3 4 5 6 7 8 9 10

2
m,, (GeV/c%) Best Fit o/,

Fit to signal strength

The minimum p-value is found to be 3.10 at mH =125GeV. (1.4+0.6)XSM @125 GeV
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TeVatron Limits by channel

Tevatron Run Il Preliminary H—bb, L = 10 fb™

e bbser.-rved !
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Background p-value

TeVatron Results by experiment
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Local p-value distributions as a function of the Higgs mass for DO and CDF
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H = VY categories
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ttH (H->bb, H->gamygam)
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o ttH (H — bb) results still based on 2011 data.

» Multiple categories are defined based on the jet and b-tagged jets multiplicity.
Final states with 1 lepton are considered.

« Waiting for 2012 results. Vs=8TeV already gives a gain of ~50% in rate.

* ttH (H — vyy) results based on 2012 data.
» Robust channel, but it requires more statistics

e ttH (H — WW, 11 ) under study.
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« Search for a small resonance on top of Drell-Yan background.
» Events split in central/non-central muons Background modelled with Breit-

Wigner+exponential

e Limit @ m =125 GeV: 9.8xSM (8.2 expected)

Luca Fiorini
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Custodial Symmetry

1

0 _| | | | I | I I | | | | | | | | | I | I

- ATLAS Preliminar =
I Y p Mzt ez Kzl =

- \s=7TeV,|Ldt=46-481b"  — Opserved -
8E s=8TeV. |Ldt=13-20.7 6"  -- SM expected E
7 ;_ “ l‘ ,; _;
6 E
5F- R
4 13 einennane
3 i_ ,’,’ _i
2 i_ J‘",, _i
0:| | 1 | | | 1 \IM“'I,.__A-"'T’I | | 1 | | | 1 | |:
0.4 0.6 0.8 1 1.2 1.4 1.6

Fit prefers A_,<0 minimum. Compatible with A_>0at 1.5 ¢



Invisble channels

= :'"'I""I""I""I""I""I""I""I""':'
m~ = ATLAS Preliminary [, %.,B. ] -
< IS [ y LA XY —
X = \s=8TeV, |Ldt=13-20.7fb" -- SM expected =
7E E
o E
5F :
i;
33 £
2 =
i . z
O.Ml A AN A AN AN A AN A A AN B A A |:|
O 01 02 03 04 05 06 0.7 08 0.9
Assume all SM vertex couplings (ki=1) and test for invisible or B

undetectable non-SM decay modes



Mass difference

> 129~ ATLAS Preliminary
O | (Vs=7TeV:[Ldt=46-481"
e, | Vs=8Tew: [Ldt=20.7 fo"!
128(—
: X Best fit
L ——68% CL
127~ 9%%cL 7/
- e 09.7% CL ol
126?‘ """""""""
125
124 '
123} _ _
122:_ .................................
lllllllllllllllll_klll|J.lJ.llJ.llII.ll!L]

122 123 124 125 126 127 128 129
m,, [GeV]



Sumimary, of couplings

ATLAS Preliminary

\s =7 TeV, [Ldt = 4.6-4.8 fb”

B+t1c *2 \s = 8 TeV, [Ldt = 13-20.7 fb"
I | T I T i T T I I E I

) R
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l(y
- 033
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1

parameter value

Parameter measurements are correlated



Spin Models

Table 1: Choice of coupling parameters for the spin-2 model considered in the current analysis. The
notation follows the one adopted in [12]. (from JHU)

= Production Decay Comments

configuration configuration
gg—>X:g1=1 gi=¢gs=1 Graviton-like tensor with minimal couplings
g9 > X: g1=1

General amplitude for spin-2 H—-VV

2+

m

A()( % VV) _ A—l [Qg£2)tpuf*l,,uaf*2,ua n 29£2)tw Iﬂgﬁ f*l,paf*z 3

n.ﬁ ~0x
+q(2) jxé tﬁv(f*l,#lff; ke f*? ,U,L-‘f ) i g} (2) .{X.{ t“ f*l aﬁf*(Q)
~yy ~
+m2 (29(2)1‘“1,6 B+ 242 qua tuw (€77 €3* — €1%€5”) + g? qf\q l‘quTE;)

1' q % *(2 *
+95(52) el ,wa laﬁf 2) +Qgg ,(LCEq €Cuvpo€1 €9 g ;wpcrqpq ( (q€2) +F2y(q‘:1))]

Cannot exclude generic spin-2 with current data set



‘Mass measurement

g f ATLAS Preliminary
N0 \s=7TeV:|Ldt= 4648
B \s=28TeV: [Ldt =20.7 fo!
I 3c
E -
B -2InA(0
6l (0)
4 20
2 -
- --[1o
U 1 1 1 1 | | 1 1 1 1 1 | 11 1 1

-1 DIH1 2 3 4H|5
m,, [GeV]

_ Myy-M,y, _
H— Z2Z: m, =124.3+° (stat)**° ,(syst)GeV

0.

H — yy: 126.8 £ 0.2 (stat) £ 0.7 (syst) GeV

« ATLAS mass difference is reduced: Am_ = 2.3 *°¢__ (stat) + 0.6 (sys) GeV, 2.4 ¢ from
Am, =0 (p=1.5%). Am was 3.0 GeV and 2.8 ¢ in Dec. 2012

em sysematics dominated by the photon energy scale.

« m,, mainly from muon momentum scale.
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ATLAS Mass Systematics

4 leptons
— Dominated by 4 muons (best resolution, less background)
« Muon momentum-scale uncertainty : 0.2%
(from Z, J/y — yp)
— electron E-scale = > see below

44
— Per category systematic uncertainties:
« method ~ 0.3 % : (mainly from Z— ee MC/data)
» material in front of calorimeter: ~ 0.3%, up to 0.7%
» relative calibration presampler/calorimeter : ~ 0.1%
In each of the above: extrapolation in E @ transfer
frometoy
— Additional (global) syst uncertainties:
« E1/E2, linearity, lateral leakage,
conversion fraction ... 0.32%
— Global mass systematic uncertainty: 0.55% = 0.7 GeV



Events / 10 GeV

Events / 10 GeV

Exotics Highlights

« Dark matter search in W/Z (— quarks) + E. ™= final state:

» Final state is defined by a boosted vector boson, identified as a single jet of
AR=1.2 and p,>250 GeV, and E "> 350 (500) GeV

« Selection is validated in top-enriched Control Region

WW
X

* Results are interpreted in terms of x and H — inv exclusion limits /CX
3 X

250:I IAITLIAS' édéfbl I\SI I 8-I|-elvl o I_.I_I baltal o I_: L] I T TTTTIf I T TTTTT I T TTTTT I T TTTT I | \a\rlxl\v 1$0|9|4\\0|1\|7
- SR: Emlss > 350 GeV Z(VV)+]et ) . l'\é D d . b [ [ -I | |
E = WIZ(eu/s)Het £ sl W 5(u=-d):obs 90% CL | —® D9:obs
200 | e ?1 0™ .+ D5(u=d):0bs D9: ATLAS 7TeV j7)
- /1t uncertainty ] o | D5:ATLAS 7TeV i | /
_'—% Rl B - A E//
C / = = D5(u= X1 ] QO -38| N
100_%%/1//////_ /M //// 7_// . 3 - — .
- | 3 [ T spin-dependent
=0 e e e 6 1 0-40
= — z -
— . —Mmiss — U= X —
= SR:E]"™ > 500 GeV S YA >
= E 10
25F- = | _
205_ E ATLAS 20.31b" Vs=8TeV]
15 / W E 10~ - coGeNT 20 T — SIMPLE 2011
- // : | — XENON100 207 | — COUPP 2012 IceCube W'W_|
7 [ — CDMS low-energy T — PICASSO 2012 IceCube bb
5 10'46' 1 I\IlHll 1 ||||H|| 1 |||||\|| | | |\|||||| 1 L1 1 1111 1 II\\I\Il
;ﬂ——‘ 1 10 10° 10°1 10 10° 10°
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http://arxiv.org/abs/1309.4017
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