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Q LHC: 27 km accelerator ring, 100 m below ground, across French-Swiss border
O Two proton beams accelerated in opposite directions
Beam energy as of today: 4 TeV - collision energy 8 TeV (x4 Tevatron)
[ Design collision energy (to be achieved in 2015): ~ 14 TeV (1 TeV= 107 Joule)
[ They collide at four points, where four big experiments have been installed

LHC 27 km ring
(previously used for
LEP e*e collider)
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1st (very successful) LHC run:

March 2010- February 2013
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~ ; | Fr‘ance (CNRS/IN2P3 and CEA/ Saclay) has contributed in 2\
: a very crucial way to the four experiments and the acceler'a’ror'
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Few milestones of a long path .

: First studies for a high-energy pp collider in the LEP tunnel

: Start of SLC and LEP e*e colliders

: SSC is cancelled > US physicists join the LHC

: LHC approved by the CERN Council > 20 years from

: Top-quark discovered at the Tevatron conception to start
: Construction of LHC machine and experiments start  [d22gailely

: End of LEP2

: Start of LHC machine and experiments installation

: 23 November: first LHC collisions (Vs = 900 GeV)

2010 : 30 March: first collisions at /s =7 TeV
2012 : 1st May: collision energy to /s = 8 TeV + 20 years of physics
2012 : 4th July: discovery of a Higgs-like boson FYllaiiien 2

2013 : 14t Feb: end of "Run 1" - start 2-year shut-down > /s ~ 14 TeV in 2015

The LHC has required:

"] innovative technologies (superconducting magnets, cryogenics, electronics, computing, ..)
] new concepts, lot of ingenuity to address challenges and solve problems

"1 huge efforts of the worldwide community (ideas, technology, people, money)
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Unprecedented accelerator and experiments
(complexity, technology, performance)

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Length : ~46 m

Radius : ~ 12 m
Weight : ~ 7000 tons )
~108 electronic channels
3000 km of cables

Human beings
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Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

0 Size : to measure and absorb high-E particles from the collision

0 108 independent sensitive elements (“individual signals™): to track ~1000 particles
per event and reconstruct their trajectories with ~10 um precision

0 Fast response (25-50 ns): to cope with 40 million beam-beam collisions per second

0 Computing resources: ~ 10 PB of data per year per experiment

O Human resources: 3000 physicists from 38 countries

(7 laboratories from IN2P3/CEA, ~ 200 French scientists)



3 examples of the very strong French contribution to ATLAS

Elec’rromagne‘rlc "‘Accordion” calorimeter:
a novel geometry detector (introduced by
Daniel Fournier, LAL/Orsay)

Pixel detector: 80 million ,
R3S hngh ‘rech Si pixels, pl‘rch~ 50p v/

Muon Spec’rr'ome’rer w 5500 gas-based devices
(mainly drift chambers) covering > 1 football field




AND ....

Thousands of quality controls of individual components

15 years of tests with beams,

20 years of detector and physics simulations, .y
8 years of world-wide computing data challenges, 4 N
17 Technical Design Reports i
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The driving motivation has been New Physics
at the TeV scale, coming from our theory
colleagues (e.g. Grabriele Veneziano)




30 March 2010: first proton-proton collisions at
an unprecedented energy > exploration of a new
energy frontier starts
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| Since then:
| Q The accelerator, detectors and computing performed beyond expectations
| O Huge amount of data recorded and analyzed (ATLAS: 5B events)
O The Standard Model and the known particles have been "rediscovered” and
measured in the new energy regime
O Many physics scenarios beyond the Standard Model have been investigated
and cons‘rr'ained
July 2012: dlscover'y by ATLAS and CMS of a new Higgs- lmo

.= particle with mass ~ 125 GeV anhounced




SUPERB performance of the LHC in the first run > one of the key 3
ingredients for the fast discovery of the Higgs boson

ATLAS Online Luminosity Max peak luminosi’ry'
2010 pp\s=7TeV ~ 7.7 x1033 cm2 g1
2011 pp Vs =7 TeV : :

= 2012 pp \/'s = 8 TeV
N = JLdt x & (pp — X)
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oo of 7 TeV > See J. Wenninger's talk
Month in Year

S
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ATLAS: very high data-taking efficiency (~ 93.5%) and data-quality (~ 96%)
> ~ 90% of the delivered luminosity used for physics results
(crucial as e.g. H> 4l is a rare channel)
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The prize to pay for the high luminosity: pile-up

(number of simultaneous pp interactions per bunch crossing)

WJs =7 TeV WJs =7 TeV \s = § TeV

ATLAS
Online Luminosity

Experiment's
design value
(expected to be
reached at L=10341)
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The prize to pay for the high luminosity: pile-up
(the biggest experimental challenge in 2012)

\s =7 TeV \s =7 Tev
ATLAS
Online Luminosity

o
. | ol

Wopdt et ppt v odh et ppt WY oct
Month in 2010 Month in 2011 Month in 2012

(expected to be
reached at L=10341)

Peak interactions per crossing
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s The power of the detector and reconstruction software
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{
CATLAS

A EXPERIMENT

Run Number: 209580, Event Number: 179229707

*—o ATLAS

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

Number of events in the full 2010-2012 ATLAS

dataset (~ 25 fb-!) after all selections: ATLAS in 2012:

=e.|! mu— the most productive
W->Ilv ~100 M (x50 Tevatron) year of any scientific
Z~> |l ~ 10 M (x50 Tevatron) Collaboration ever:

tt > [+X ~ 0.4 M (x300 Tevatron) 123 papers
Higgs candidates ~ 600
Note: ~1 H> vy (~1 H> 4l) produced every 50' (14h) at 7x 1033



Cross-section measurements of known processes (examples ...)
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ATLAzS Prelirhinary

LHC pp Vs =7 TeV
Theory
© Data(L=0.035-46f )

LHC pp ¥s =8 TeV
mmm Theory

* Data(L=5.8-20fb )

13 fo!
E. —%—
E _ 20 fb!
21" _x —=—

461"
| 461"

Inner error: statistical
Outer error: total

0 Test SM at 7-8 TeV; constrain theory predictions; backgrounds to searches

0 Good agreement with SM expectation

O Experimental precision starts to challenge theory uncertainty (e.g. 1)

F. Gianotti, College de France, 24 May 2013
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“&4 An historical day : 4™ July 2012

Since then: A LOT OF PROGRESS'

il

| es on
full dataset recorded in Run 1. Emphasis is now on property
a2l measurements of the new particle
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SM Higgs production cross-section and decay modes
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~ 20 x Tevatron
for m=120 GeV
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200 - Most sensitive channels (decreasing order)
for 120 < m < 130 GeV:
H> ZZ*> 41, H> yy, H> WW™> |viv

H> 17
Huge efforts of theory community o compute | RYYVF4A R Vrdes

NLO/NNLO cross-sections for signal and for | elste|| Xl R T A ) LI o Vo RYA - JRele a5
(often complex !) backgrounds. final states
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H- vy o x BR ~ 50 fb my,~ 126 GeV 3
P vl

O Simple topology: two high-p+ isolated photons E+ (y4, v,) > 40, 30 GeV T
O Main background: yy continuum (irreducible) 1 4
O Background smooth but HUGE - small S/B ratio (~ 3%) sanas IR
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Most crucial experimental issue: excellent yy mass resolution
(electromagnetic calorimeter) to observe narrow signal peak
above background

Hypothetical X — vy signal
on top of background

poor detector resolution

good detector resolution

PP — vy background

After all selections, expect (my~ 126 GeV):
~ 400 signal events
~ 16000 background events in mass window

To increase sensitivity to specific production processes (= measure as many Higgs couplings as
possible) events divided into categories, e.g. events with two high-mass forward jets (>
enhance contribution of VBF process), events with additional leptons (= enhance WH/ZH), etc.




ATLAS and CMS calorimetry: the complementarity

Lead-tungstate crystals (homogeneous):
O excellent E-resolution: 2-5%/J/E

Q no longitudinal segmentation > event
vertex from tracks (more sensitive to pile-up)

Lead/liquid-argon (sampling):
Q good E-resolution: ~10%/J/E

é & 4 o Gis Prfminary Q longitudinal segmentation > primary
o T vertex from y direction - maintains good
% [ — parameric mose mass resolution in high pile-up conditions
7 i G, = 1.36 GeV . :
. : 13% Fine lateral segmentation o
FWHM - 299 GeV i - v/m separation (background rejection)

Best
category
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Selected diphoton sample

] Data 2011+2012
Sig+Bkg Fit (mH=1 26.8 GeV)

--------- Bkg (4th order polynomial) J
ATLAS Preliminary ’? %’\l
H—yy g

Events / 2 GeV

-
-
-
"a

O Clear peak at my~ 126.5 GeV:

O Probability it comes from
background fluctuation: ~ 10-13
- 7.4 o signal significance
(4.1 o expected from SM H)

Vs=7TeV, |Ldt=481f"

\s=8TeV, ILdt =207 1"
YY mass spectrum

after all selections
full data sample

Events - Fitted bkg

Stability of EM calorimeter vs time
during 2012 run better than 0.1%

Relative energy scale

--------------------------------

EData 2012,\'s= 8TeV., JLdt ~13.0 fb
ATLAS Preliminary

26703 25/04 25/05 24/06 24,07 23/08 22/09
Date (Day/Month)



H-> vy candidate with m, = 126.9 GeV

ET (Yl, Yz) = 801, 36.2 GeV,
Ex (o, j2) = 121.6, 82.8 GeV, n (jy, jo) = 2.7, -2.9, m(jj)= 1.67 TeV

Osm (VBF) ~7%
(—f =/

Likely from Vector-Boson-Fusion production

GATLAS

A EXPERIMENT

Run Number: 204769, Event Number: 24947130

Date: 2012-06-10 08:17:12 UTC




H-> ZzZ2" > 4l (4e, 4y, 2e2p)

O Very small cross-section, but:

-- mass can be fully reconstructed - events cluster in a (harrow) peak

-- pure: S/B ~ 1

o xBR~25fb m,~ 126 GeV '

O Events with 4 leptons p1234 > 20, 15, 10, 7-6 (e-u) GeV selected

O Main backgrounds: ZZ® : irreducible

l

Crucial experimental aspect: high lepton acceptance, reconstruction and identification
efficiency down to lowest p+ to capture as much as possible of the (tiny) signal

Huge efforts made on 2012 to improve
e* reconstruction and identification

efficiency at low pr and pile-up
robustness paid dividends
- crucial ingredient for fast discovery

Improved e* reconstruction to recover Brem losses
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ATLAS Preliminary

Z-> ee data

2011 _ 2012 _
e Dataj Ldt~4.7 fb" e Data_[L dt~ 770 pb”'

—&— MC —%— MC

35 40 45 50

ET.CIuster




4] mass spectrum after all selections; In the region 125 + 5 GeV

full data sample

Observed 32 events
60 ATLAS Preliminary Expected from background only | 11.1+1.4

Bl Background 22" Hs77_sa) Expected from Higgs signal 159+ 2.1
— B Background Z+jets, tf
- || Signal (m =125 GeV)

77 Syst.Unc.

Events/5 GeV

Data
\s =7 TeV:|Ldt = 4.6 fb” Expected S/B
(s = 8 TeV:[Ldt = 20.7 fo” Reducible/total B

2012 Z-> pp mass spectrum

X‘IIOT T T T

300

LATLAS Preliminary L]
250——4— Data 2012 (Vs = 8 TeV) JLdt=511fb -

L CJZ-pu
B ~2M Z> uu

200}

A Clear peak at my ~ 124.5 GeV i Mass

Q Probability it comes from background el
fluctuation: ~ 10-° > 6.6 o signal 1 ~ 2 GeV

significance (4.4 o expected from SM H)




2e2y candidate with m,,, = 123.9 GeV

pr(eepp)= 18.7,76,19.6,79 GeV, m(e*e)=87.9 GeV, m(p*y) =19.6 GeV
12 reconstructed vertices

EXPERIMENT
http://atlas.ch

Run: 205113
Event: 12611816

@AT LAS

Date: 2012-06-18
Time: 11:07:47 CEST




Putting all channels together: 10 o significance or probability that what

ATLAS observes comes from background fluctuation: 10-24 |

v

A new phase: measuring the properties of the new particle
(only a few examples here ...)

The first 2 questions:

T %, Q is it A Higgs boson ?
g Y GO0 ALMIGHTY ¥ | Q is it THE SM Higgs boson ?
ONLINEZ . ¥
SAYS HRE WANTS
15, WIS ARTICLE

Bk o S

24



Mass measurement

ATLAS Preliminary
W,Z H — bb

\s=7TeV: [Ldt=4.7 0"
\s=8TeV: |Ldt= 131"

H— 1t
\s=7TeV: [Ldt = 4.6 b
\s=8TeV: [Ldt = 131"

")
H—ww"” — v
\s=7TeV: [Ldt= 46"
\s=8TeV: JLdt=20.7 "
H— vy
\s=7TeV: [Ldt =481
\s=8TeV: |Ldt=20.7 b

(")
H— ZZ' ' — 4l

\s=7TeV: [Ldt =46 1"
\s=8TeV: |Ldt =207 1"

Combined u=130x0.20
\s=7TeV: [Ldt=46-481"
\s=8TeV: [Lot=13-20.7 fb’

Signal strength (u)

U = measured signal production rate normalized
to SM Higgs expectation at my= 125.5 GeV

Best-fit value for m,=125.5 GeV:
=13 = 0.13 (stat) £ 0.14 (syst)
- in agreement with SM expectation




Cons‘rraining pr'oduc'rion modes and couplings (examples ..)

Vector-boson (VBH, VH) vs top-quark
(ggF, ’r’rH) mduced processes

E [T | I ‘ T 11 T 1 \\_ FrorrrproeT | llllllll I T 1T | T T 171 [ UL l |||||||| 4
@“’ 10: ATLAS Prellmlnary 1 22— ATLAS Prehmmary + SM
'f! sl \s=7TeV: [Ldt=46-48f" F \s=7TeV,|Ldt=46-4.8f" x Best fit
T B Is=8TeV: JLdt=13-207b" 2 (s=8TeV, JLdt -13-20.7 fb‘ — 68 % CL
: eb N 1.8F 95% CL
a - —H-yy + Standard Model -
i> = —H7720 4 X Best fit i k =1 O8+O'32
4 . —Howw iy —68%CL . - VY0014
B | H— 1t --- 95% CL 7
2f ‘ = -
of N E
2 - 3
B =125.5 GeV T C
_47 | Ll | | | | | | | a mlll SR AR R AR A Lo by v b v by s by Lyg oy
- 0.9 1 11 12 13 14 15 16 1.7 1.8

O 3o significance for non-vanishing VBF production fraction

O evidence that the new particle couples fo W and Z as expected

- first “fingerprint” of a Higgs boson (to accomplish its job > EWSB/Higgs mechanism)
0 No significant New Physics contributions observed (within present uncertainty)
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(a) gg— H (b) VBF (c) VH (d) nH

ATLAS Preliminary \s=7TeV, [Ldt = 4.6-4.8 fb"

t16 *+2 \s = 8 TeV, [Ldt = 13-20.7 fb”
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m, = 125.5 GeV parameter value




2nd “fingerprint” of a Higgs boson: it has spin zero

H-> vy Spin infpr'ma‘rior} from distribution of polar angle 6* of the di-photon
system in the Higgs rest frame

Compare 6* distribution in the region of the peak for:
O spin-0 hypothesis: flat before cuts
O spin-2 hypothesis: ~ 1+6c0s20* +cos*0* for Graviton-like (minimal models)

T T T | T T T T I T T T T T T T T ‘ T T T T | T T T \_
—— JP=0" (SM) hypothesis ~ ATLAS Preliminary J
P_~+ o, - —

— J'=2" (100%4gg) hypothesis Jl dt= 207" 3
observed ]

2500 e ‘ ‘ ]
e Data 2012 Nominal analysis |
J = 0" (SM) =Ly -
Background ——

2000 ¢

~
o
~
2]
—
c
(]
>
L

+
+

1500

1000 Expected .
for spin 2 Expected

for spin O

|
1

ATLAS Preliminary

500/
Data 2012, J-L dt=207f" Vs=8TeV —e—

+

I P I IPE PP IS NI (PRI N
0 01 02 03 04 05 06 07 08 09 1
|cose”| In(L(0)/L(2))

Combining all channels: 2* hypothesis rejected at > 99.9% CL
(O- hypothesis rejected at 99.6% CL from H > 4l)

If this is the first elementary scalar, consequences also for Universe evolution
(inflation triggered by a scalar field)




Two additional questions

O
T <«

g W

/ if this process does not exist
W

Does this new particle fix the SM problems at high energy ?

This process violates unitarity: c ~ E? at my,y, ~ TeV
(divergent cross section > unphysical)

- Important to verify that the new particle accomplishes
this task = a "closure test” of the SM
> Need /s ~ 14 TeV and ~3000 fb-!

physics (e.g. SUSY) or is it fine-tuned ?

Why is the Higgs so light ? e o 1S My stabilized by ~TeV scale new

In the SM, top-loop corrections to Searches for stop quarks so far unsuccessful
my diverge as ~ /A\? (energy scale up Will continue with more data and energy in 2015++

to which the SM is valid)




Searches for physics beyond the SM

Huge number of models and topologies investigated

SUSY searches Searches” - 95% CL Lower s (Status: March 26, 2013)

MSUGRA/CMSSM : Olep +j's + E- ... 4 =3 mass

MSUGRA/CMSSM @ 1lep +j's + E- .. g mass
" Pheno model : 0 lep + J's + Er .. A58 (mi)< 2 Tev, lohty) ATLAS
% Pheno model : 0 lep +j's + E; .. Gmass  (m@<zTel lighty ) Preliminary
g Gluino med. %" (G—qTx): 1lep +j's +E .. (i) = 200 Gev,mi ) = Symiz prm @)
b GMSEIHSI NLSP} 21ep (0S) +[s+Er.n. 1 Tev s an < 15)
GENST s e s
w = {miz ) = 50 Gew'} ~
3 GGM {wino NLSP) :y + lep + ETmlss g masd Ldf = (4.4 - 20.7) fo”!

GGM (higgsino-bino NLSP) iy + b + Er

FMass  mip’) = 220 Gev) _
GGM (higgsino NLSP) : Z + jets + E ... 3 m%s {miFiy = 200 Gev) fs=7 8TeV
Gravitino LSP : 'monajet’ + ET_,"-“ F' schle (mi) = 107 8y

g s imify ) = 200 GeV}

L=20.7 i B TeV [ATLAS-CONE-2013-007] W00 GaV| QMass oy min B TeV, all 2012 data

g—;ttz: 0 lep + multi-f's + gmass  (mE) <300 Gev)
—>tt :Olep+3b- Gmass  mi) = 200 Gevy

N 8TV, partial 2012 data.
.......... - Tmiss .. — ]
TD lep +2-bjets +E . ) ¢ b masLj {mii’) < 120 Gevy _

%—) LA ep 0-'s
g1y, : 2 SS-lep + (0-30- s +E

T.miss

Tmiss

mediated

F. Gia

% 5 bE b1—>t 12 éS -lep + (0-3b-)j's + Er“_\I== L=20.7 Fi, B ToV [ATLAS-CONF2013.007] _ asnGev bmass  mil=ami’y
§ 5 tt {light}, t—>b1 12 lep (+ bjet) + E_ .. tmass  mig)) =55 Gev)
% = it {medium), t—)b‘j[ 1 Iep +hejet + E_ L. |L7207 " B TeV [ATLAS-CONF-2013037] 160410 GVt mass (m = 0 Get miz’) = 150 Gav}
- g tt (medlum t—)b‘z 2lep+ Er g | L2130 Fb, B TeV [ATLAS.COMNF.2012-167]  iGb-dd0 GV | mMass {m(_i;-: D GV, miipmiy’ ) = 10 Gav)
& 5 . Lt (heavy} t—ptx 1 Iep + b—]et + ET wiss | L7207 Fio, B TeV [ATLAS-CONF2013-037] 200610 GaV t[nass {m{;‘_‘; =0
B 2 tt {heavy). t—bt}{ 0 Iep +6(2b-jjets + E_ . |L=20.5 "8 TeV [ATLAS-CONF.2012-024] 320660 GeV |t mias, iy =0)
o g _ tt{natural GI\hSB} Z{—ll) + b-jet + E L=20.7 fis™ B Te¥ [ATLAS-CONF-2013-025] 500 GeV t mass () > 150 Gav}
L)L) t,—=t+Z 1 Z(—ll) + 1 lep + b-jet + ETW55 L=20.7 & B TV [ATLAS-COMNE-2013.025] 520 GeV ‘f, mass  Wim{i;=mii’)+ 180 Gavy
||! =3 ep Taviss | L7 M0 7 Tev [1208.2854) Amtz 1=0) | I i . ,
= T —W(lv‘; Zlep +E .. |va7m% 7 Tev 1200 2880 e ¥, mass i hg 10 GEV-m{I-\'FF;(m&Z?'m&.???
E 2 i ‘i ‘i —Tv(tV) 2T+ E . s L7207 58 TeV [ATLAS.CONF-2013-028] 180-330 GeV |}, Mass {mu 10 Gev miEa) = mimiE ) e miE
= b 12 — |,_“'|,_|£“""1] I\-'nll_l[ J 3lep + E v | L7207 BB ToV [ATLAS.CONF.2013.035] mm ‘;{1 mas' {mu';- mu smii. 1 = 0,mi{l0 ) as above)
‘Il l 3 Iep + Erm L=20.7 fib", B Te [ATLAS-CONF2013-035] Msm x mass {mii )= u 1m{3"y= 0, sleptons decoupled)
""""""""""""""" D iFéEt”i 'i:a'ii”p'i['b'&" Af\}*'l"sﬁ""'ib'h'g”i|'\'ééd f % mass  (reeget0ns
Stable g, R-hadrons : low [3, B}r I§ mass

7 mass
% mass

{5 < 1anf < )
{04 <oi )< 2n
gmds

GMSB, stable T : low B
GMSB,; s —an non-pointing photons

Long-lived
particles

{1 mm < ct < 1m,§ decoupled)
V. Mass (i =004, =008)
V. Mmass i =004, =0, 08}

LFV : pp—w +X,V, —e+) resonance
LFV : pp—¥ +X, V, —e(u)+t resonance

- Bilinear RPY CMSSM : 1 lep + 7 's + Er i, G=gmass {es,, <1mm}
& x x x —;W?; x —)ee\.-wej_w tdlep+E_ L |Le207 '8 Tev [ATLAS.CONF.2013.036] - 760 GeV | ¥ Tgass {miy]) > 300 Gev, k> 0)
1){1 :I —)'tt\f e 3 Iep +1t+ ET it L=20.7 fi", B TeV! [ATLAS-CONF.2011038] 350 GeV ¥ Mass {mE = B0 Gei i = 0)
g— qqq 3 -jet resonance pair gma
........................... ot t>bs 2 SS-lep + (0-3b-Jf's £ |Es207 st e [ATLAS-CONR 2015007 860G Jmass jany mil)
. Scalar %Iuon 2- ]et resonance pau? L=4.6 b, 7 TeV [1210.4628] s Ee  sgluon Mass  (incl g from 1110.2603)
WIMP interaction (D5, Dirac %) . 'monojet’ + E i I?J"I‘I SE:le < TD Gav, Inrl?ltnf‘f&r clev ﬂlnr DlﬂJ L |
-1
10 1 10
*Onfy a selection of the available mass limits on new states or phenomena shown. Mass scale [TeV]

All lirmits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Searches for physics beyond the SM

Huge number of models and topologies investigated

SUSY searches ATLAS SUSY Searches” - 95% CL Lower Limits (Status: March 26, 2013)
MSUGRA/CMSSM : 0 lep — ———k Sl l LR | l
MSUGRA/CMSSM : 1 lep

™ Pheno model : 0 lep N O N ew P h S l CS e* < 2 Teld, light 3 ATLAS
£ Pheno model : 0 lep i) < 2 TeV, ight'3” Preliminary
s Gluino med. %" (G—qT% ) : 1 lep i o & emiEn

8 GMS8 u NLSP) 2 lep {OS]-FJS"'EI-_I b |27 T Tov (1200880 :

@ B (fNLSP):1-2t+ s+ E L=20.7 fis, B TeVf [1210.1314]

‘G GGM (bino NLSP) :yy + § 1
3 GGM (wino NLSP) 1y + lep + J.Lﬂ‘f =(44-20.7)fo

GGM (higgsino-bino NLSF) :y +b +H
GGM {higgsino NLSP) : Z + jets + £
Gravitino LSP : 'monojet’ + 5

— ep - S

gty : 2 EJ‘;é lep + (0-3b-}j's + £
g—ytt;\lq 0 lep + multi-)'s +
g—>tt; Olep+3bs+H

bb, b—>b; O lep + 2-b-jets + H
bb b1—>t; 12 S5 ep + (0-3b-)j's + £
i (light), l—>b; 1/2 lep {+ b-jet) + £
t{med|um} t—yb; 1lep + b-jet + {

_ ot {meguumj b 2 lep + B

_ lt{heawy). t—>lj' 1 Iep1 + b-jet + 8
ft (heavy), i—t7" : 0 i5p + 6(2b- jjets + £
It (natural GMSB) : Z(—ll) + b-jet + £
LL, Lol+Z 0 Z{—l) + 1 IerJ+bJet+E

fs=7,8TeV

8 TeV, all 2012 data
8 TeV, partial 2012 data
7 TeV, all 2011 data

A=A

] ,r ,r ,r —>|\,[I\,1) Zlep+H

j‘]"_‘ ,r,r ;—u\,[u) 2t+H
= i, o —>|»J| I[wl) m (Uv):3lep +§ as ahove)

Jr]f — W ,r Z ,r '3 |e|:| + A _-:-- 0, sleptons decoupled)
Durect,,.r1 pair prod. (AMSE] long-liv
Stable §. R-hadrons : Iow

GMSB, stable T :

GMSB, ;1—”(3 non-pointing ph

; — gqu (RPV) : u + heavy displaced i
LFY : pp—v +X, vV _—e+u reson

LFY : pp—v +X Vo —>etu)+L reson

T

m <ot < 1m,§ decoupled)
V. Mass
855

A =005}

~ Blllnear RF'V CMSSI’U'I Tlep+T7js+H g mass '
o ,r ,r ,r —>‘u".",§ ,r " eev Loy 4 lep + E_ o [L=207 FL B TeV [ATLAS-CONF-2013-036] 760 Gev ,r |I|aSS
= f f f _,u\, eu, 3 Iep +1t+ E_ it L=20.7 fib, B Te [ATLAS-CONF-2013-036] 350 Gef ,r mass i = B0 Gel

= . "J - 1l s i a

But
O searches far from being complete - surprises may hide in present data
Q /s today ~ 1.7 smaller than design value and integrated luminosity ~12 smaller > 2015++

T. UIUI All limits quoted are observed minus 1o theoretical signal cross section uncertainty. | 51




The next steps ..

With the data recorded in "Run 1" (~25 fb! per experiment):

d 4-5 o from each of H> vy, H> Ivlv, H> 4l per experiment (in part achieved already)

Q ~3 o from H-> 11 and ~3 o from W/ZH > W/Zbb per experiment (the latter
already achieved at the Tevatron)

O Separation 0*/2*and O*/O-at > 40 level combining ATLAS and CMS

O Improved measurements of couplings (in particular combining ATLAS and CMS)

LHC upgrade:
Further ahead (present LHC plans): 300 fb! at 14 TeV by ~2020
and 3000 fb-! by ~2030
2013-2014: shut-down (LS1) > significant improvements

2015-2017: Js ~ 14 TeV, L ~ 1034, ~ 100 fb-!
2018: shut-down (LS2)

2019-2021: /s ~ 14 TeV, L ~ 2x1034, ~ 300 fb-!
2022-2023: shut-down (LS3)

2023- 2030 ?: /s~ 14 TeV, L ~5x1034, ~ 3000 fb! (HL-LHC)

on Higgs measurements and
searches for New Physics
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With 100-300 fb1:
O Mass can be measured to 0.1% (~ 100 MeV) dominated by e/p/y E-scale systematics

Q Spin/CP can be determined o > 50 for a pure 0* state.

k1

Without constraints, ratios of couplings
can be measured with typical precisions:
O 10-50% with ~ 300 fb!

Q 3-25% with 3000 fb-!

per experiment.

Down to few % in some cases if less
conservative systematics (e.g. theory
error halved)

Measurements of rare decays
with 3000 fb-!:

a ttH = ttyy: 200 events

Q H-> pp: 60

per experiment

ATLAS Preliminary (Simulation)

ls=14TeV: ; [Ldt=38000 fb”
JLdt=300 o' extrapolated from 7+8 TeV

H—pu . = 1II
ttH,H—=pu :
VH,Hoyy e N
VBF,H—yy

H—yy (+) gt !

H_’YY p | ol |

0 02 04 06 0.8

Ap

ATLAS Preliminary (Simulation)
Vs=14TeV: ; fLdt=3000 fb"
JLdt=300 fb"' extrapolated from 7-+8 Te'
L 1 L | L | T 17T T

I, /T,

0O 02 04 06 038
A(l"x.f r,) . 2A(KXIKY)
Ty Ky/Ky

Note: -- these results are very preliminary (work of a few months) and conservative
-- physics potential of LHC upgrade is much more than just Higgs




Summary of the big questions ...

L Isit A Higgs boson:
-- does it couple to W/Z as expected ? yes
-- does it have spin zero (JP=0*)? data strongly favour O*

Q TIsit THE SM Higgs boson ? looks like ... but too early to conclude as
present experimental + theoretical precision limited to ~20%
-- is it elementary (the first elementary scalar ever ) or composite ?
no significant deviations from the SM expectation so far

-- are there New Physics contributions to the gg-fusion or H = vy loops ?

compatible with SM within present precision wwes .
-- does it decay to invisible particles ? BR (H-> BSM) <60% at 95% CL
-- is it alone ? looking ...

O Is its mass stabilized by New Physics (e.g. SUSY) ?
- nothing found yet ... searches will continue at 14 TeV

O Does it fix the SM unitarity problems in WW scattering at high mass ?
need LHC upgrade to address this

O What are its self-couplings ?
need LHC upgrade to address this

DI AA AL AL ERFEA A ALA S AR L d BLUIA AN “EalEA ALY SR
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Birth and evolution of a signal

> 450 e
0] - ATLAS Preliminary —¢— Data i
© 400F ys=8TeV,| Ldt= 0.01b" =
E 350 E— H-WW' ' ev pv with 0/1 jet —f
* = = |t -
H> ZZ*-> 4l 2 300f- [ Single Top =
> 35 _I L | T T 17T | L | LI ‘ LI | T T T 7 | LI | T T 1T LI I_ 250 f_ - Z+j ets _f
5 - fs=7TeV | Ldt=0.05f" Apr24, 2011 a = [ Wiets =
© 30l = 200 B H125GeV]
1) - — = -
& 5 . E 150E 06.04.2012 E
w - ATLAS Preliminary ] 100E- =
- H—22"'~s41 channel - = 3
20— _ —] 50 —
C [ ] Signal (mH=125 GeV) 7 — -
- W Background 22 e
15— I Background Z+ets, tt -E 50% E
- —4— Data . 3 ‘3‘8‘ E
i EREIR:
- 1 |@ OF
5~ — | & -10F :
- T = -20E | TR T (N TN TR TR TR N SR TR ST TR ANNINT T T N N SO S N T
= _ O 50 100 150 200 250 300
n_l | ] | 1 1 1 | - | - 1 1 1 1 ] | 1 1 1 11 1 | - I_
g o ] m- [GeV]
o
S 0 =
o
m
s -10F .
a 50 100 150 200 250 300 350 400 450 _ 500

M, [GeV]



The first LHC proton run (2010 2012) has been EXTRAORDINARY |

Accelerator, experiments, computing (and people !) have performed beyond

“design specuflca’rlons durmg three demanding but very exciting years. j
Wl ST FIFEE . e N R,

_ Among the achievements is the crucial discovery of a very special particle, ;
) which looks pretty much like the Standard Model scalar.

= The era of precuse measurements of our new friend has started.

o IR YR | ) O RO 558 N @

These accompllshmen‘rs are the result of more than 20 year's of TalenTed work and

extreme dedication of those involved in the LHC project.
More in general, they are the result of the ingenuity, vision, tenacity, painstaking work of the
full HEP communl‘ry (accelera‘ror' instrumentation, computing, experimental physics, Theory)

" | Thank you Gabriele for' being amog those who have
inspired and given us the courage to undertake such
a challengmg and exciting adventure !




SPARES

F. Gianotti, College de France, 24 May 2013
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ATLAS Preliminary

H— ZZ*— 4l

Vs =7 TeV{Ldt =46 fb"
\s = 8 TeViLdt = 20.7 fo’ ® Data

10° ATLAS Preliminary __ paa
H— ZZ* — 4l

[ St ATLAS: combining

10 E:t)s‘?;‘(r:jl_duzo.?rb" JE?;Z’fqa:SO% H-> YY, H-> 4|, H - Ivlv:
[ A Undnid g 2+ disfavoured at 3-4 ¢

107 BN for any production mode

102 I (qq or gg)

H—yy . CL, expected
(assuming J° = 0%

Vs = 8 TeV{Ldt = 20.7 fis'

H— WW*—= evuv/uvev
\s =8 TeV{Ldt=20.7 fo'

Arbitrary normalization

10°
10 Expected

107°

15 20 25
log(L(H /L(H))




ATLAS Preliminary

—- Observed
-- SM expected

\s=7TeV, [Ldt = 4.6-4.8 fo
(s = 8 TeV, [Ldt = 13-20.7 fb™

Estimated mass from high-resolution
H-> yy and H-> 4l channels:

m,, (combined) =125.5 GeV +0.2 (stat) ‘o5 (syst) GeV|
m,, () =126.8 GeV £0.2(stat) +0.7(syst) GeV
Probability

m,, (41) =124.3 GeV 32 (stat) S3(syst) GeV] | for same

particle:
1.5-8%

—_
=
=
=
=
[S))
=
Q
2
=
7
©
c
2
(]

ATLAS Preliminary —— Combined
\s=7TeV:|Ldt = 4.6-4.8 fb! —H-oyy
\s=8TeV: [Ldt=20.7 fb — Ho 77 LS w

X Bestfit
— 68% CL
95% CL

127 128 129
my [GeV]




Searches for MSSM Higgs bosons

—_— e Median expected axclusion

- Observed exclusion B5% CL

------ Observed +1a theary

A/H = 1T, pu

=== Observed -1o thaory

H* > 1v
from top decays

III|IIIIIL

_________

90 100 110 120 130 140 150 160
m. [GeV]

60_|IIII|\III|IIII|IIII|IIIIIII\
- ATLAS Preliminary

50 [ MSSM combination
i I Ldt=4.7-48f"
401 s=7Tev

my*, u>0

301

it 1o
+ 20
;77 LEP

—— QObserved CLs
-=-=-= Expected CLs

_III|IIII|IIII|IIII1II

100 150 200 250 300 350 400 450 500

m, [GeV]

F. Gianotti, College de France, 24 May 2013
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H-> WW(*) - lvlv (evev, pvuv, evuv) o X BR ~ 200 fb for m~ 125 GeV
O Large cross section
0 However: 2v in final state > mass peak cannot be reconstructed > "counting channel”

Q 2 isolated opposite-sign leptons, pr> 25, 15 GeV
O Main backgrounds: WW, top, Z+jets, W+jets
- large E{™ss, m;, 2 mz, b-jet veto ..+ topological cuts: pyy, my, Ad; (smaller for scalar)

Crucial experimental aspects:

O understanding of E{Miss

O very good modeling of background in signal region - use signal-free control regions in
data to constrain MC - use MC to extrapolate to signal region

| T T T T | T T T T ‘ T T T ‘ T T T T | T T T T
. 8- Data %% SM (sys @ stat)
ATLAS Preliminary o ww g wzzzw,
\s=8TeV, | Ldt=20.7fc" [J& [ SingleTop
) ) Bl Z+jets [] WHjets
H->WW' ‘—evuv/pvev + 1 jet B H 125 Gev]

T T T T I T T T T T T T T T T T T T T T
-4 Data % BG (sys @ stat)
ATLAS B ww [ wWz/zzWy
\s=8TeV, | Ldt=58f" [J& [ SingleTop
) B Z+ijets [] W+jets
H->WW' '—evpv/pvev + 0 jets ] HI125 GeV]

Events / 10 GeV

O
©
S
[ap)
B
o
~
(2]
—
[
0]
>
Ll

MC/data:
1.04+0.02

(applied)

Same-sign O
control region

control
region

Il._‘II\I|\\I\‘II\\lI\IIl\II\‘II\I|\\




I T T T T | T T T T l T T T I T T T T I T T T T
. -4 Data %% SM(sys @ stat)
ATLAS Preliminary o " g wzzzwy
\s=8TeV,[ Ldt=207fb" [Ja [ SngeTop
) . B Z+jets [] W+ets
H—-WW' '—evuv/uvev + 0 jets B H (125 GeV]

Events /10 GeV

100 150 200

mrp = \/(E}_}f + E'%liss)ﬁ _ (Pf_:‘[f‘ + P%liss)Q

After all selections, /s=8 TeV

Observed: 1195 events
expected from
background only |1036 =+ 100
expected from
signal m =125 GeV | 148 £ 30

Broad excess, extending over > 50 GeV
in mass, due to poor mass resolution
m,=125 GeV: 3.70 (3.80) observed (expected)

o L L L L L

Events / 10 GeV

T T T I T 1T I LI
- ATLAS Preliminary
- \s=7TeV, | Ldt = 4.6 fb!
\s=8TeV, [ Ldt = 20.7 fo’

HoWW Siviv + 0/1 jets

+

—+— Bkg. subtracted Data
|:| H[125 GeV]

_+_I | | ]

IIIIIIIIIIIIIIlII\\T

PPN BRI EPETN BT B O
60 80 100 120 140 160

180 200 220 240 260
my [GeV]

T ]
ATLAS Preliminary Vs =7 TeV:Ldt= 4.6 1"
HoWW Ssiviv /s = 8 TeV:)Ldt = 20.7 ft"

Expected from
SM Higgs with
m=125 GeV

4 4o

190 200

m,, [GeV]




H > 1T > T, Tiep, TiepThads ThadThad 0XBR~1.3pb m.~125Gev

O Important for coupling measurements

O Huge backgrounds: Z > 11, top, fakes
Dominant/irreducible Z-> 11 from “"embedded” Z > pp data (u replaced by simulated 1)
- event modeling from data; signal-free sample for background determination

O Events split in categories, 0, 1, 2 (VBF, VH) jets, plus boosted

- higher sensitivity and S/B with > 1 jet

- TT mass resolution (13-20%) better for boosted system (> better Z/H separation)
O After all cuts: expect ~ 250 events at 8 TeV; S/B ~ 0.5-1% overall (4-10% VBF)

w C T T T T l T T T T I T T T T
s 0160 Ohaq * Winaq Preselection - Higgs discrimination based on 11 mass
2 014 4~ Z- Embedded m,, distributions after cuts for most sensitive categories
E : ’ﬁ + Zﬁ’t’c Alpgen MC : > T > =1 7T 1 1 l T T [ LI T ¥ 3 r T L l—
g 01 2; g 77~ Emb. syst. E 8 1200 Hhaq + €Tpeg BOSIEd - 8 30 ThadThag F+2-j€ts VBF
0.1 i [Lat=130m" < & | ¢ Data {le | ~+- Data :
- 4 |~ 1000'_ — 5x H(125)»tt T o5k —— 5x H(125)»tt _]
0.08° ] ‘ \s=8TeV A ..g i Bl 251t (08-88)  {|@ == “ZA_L“ ;
C ’ ATLAS Preliminary ] S r I Others (0S-SS) |5 r — Otl:];'rjse
0.06:— _: w 800+ Same Sign Data — LJ>J 201 7/, BKg. uncert.
- ® § : i 7772 BKkg. uncert. 1 ¥ ILdt— i 7
0.041 g - Ldt=13.0f6" ] o R
0.02 ° . i \s=8TeV ] ATLASPreliminary]
i ® %, 1 4001~ ATLAS Preliminary— 10 -
(Qeccssger . . | . . . .. P OST—- i 1 - ]
50 100 150 200 250 i i - .
MMC mass m__ [GeV] 200 4 5[ -
Excellent agreement Z-> 11 i o L Z ]
. 5 0 * YR T T S RN N ST W (N W O-, |, [ L o e
(embedded) data-simulation 50 100 150 200 0 50 100 150 200 250
MMC mass m_, [GeV] MMC mass m,, [GeV]




L B B AL BN FLARELNL B
H_)ﬂ ATLAS Preliminary : § T T T T | T T .I I' | T T T T | T T I_1 T | T T T T
Lo Observed CL, | L dt= 4.6 fb" 15 =7 TeV - - ATLAS Preliminary | Ldt=4.6fo", \s =7 TeV

o -1
o Expected CLS JLdt= 13.0 fb-1, \'S=8TeV 7] B det= 130 fb ] E=8Tev
[Jt2c —Observed H — 17

H+1c

--- Expected for SM Higgs Boson

my= 125 GeV:
Expected upper limit: 1.2 x SM
Observed upper limit: 1.9 x SM

... Expected for SM Higgs Boson at mH=125 GeV

95% CL Limit on o/cy,,

\\IIIIIIIIII
—
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my [GeV]
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IIIIIII

O TTTTIT

| 1 11 | 11 | 1 | 1 Iv | | Il | | I Il
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1

=

" ATLAS Preliminaty
IL =46f' \s=7TeV

For m,= 125 GeV:
1.1 0 observed (1.7 o expected)
u=07+07

*  best fit
% best fit (u>0)

I L=13.0f6" \s=8TeV 95% Contour
68% Contour
4= SM prediction

op Background only
125 GV Signal strength for different production
T modes (VBF+VH vs ggF)
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W/ZH - Ivbb, lIbb, vwwbb

Important for coupling measurements
2 b-tagged jets + 0/1/2 leptons; p/ / E{™ss categories as larger S/B for boosted Higgs
Higgs discriminating variable is reconstructed m,, mass: ~ 16% resolution

Large and complex (flavour composition !)

backgrounds from W/Z+jets and top

V+q, V+c from pre-tag/1-tag control samples,

V+b and top from final fit o 2-tag sample

After all cuts: S/B ~ 0.5-5%, increasing with

pyV / Emiss Observation of WZ/ZZ with Z-> bb
Dominant systematic uncertainty from peak from fit to data after subtraction
b/c-tagging and Jet/E;Miss scale of all non-di-boson backgrounds

0 40 excess
Ratio data/MC for b-tag efficiency from tt events EERVEIETY VAT Waey (00 MO A== 0 -t
(tt covers hlgh pT, complemen’rary to other methods) [ 3 400 atLas Preliminary Bz
- ‘ L I L L (OD B JLdt:13.Df5', Is=8TeV * ]
1.67 ATLAS Prellmlnary 0 ot o) 11 & 300 de . . B wH 125Gev
B [ TagCount DL (stat.+syst) | = C t=4.7fb, \s=7Te a
- _[Ldt_47fb MV1 70% ¥ KinselDL it reye) 11 & " 0,1,2/epton W2+ 125Gev ]
1.4 4 KinFit SL (stat.+syst) ] w200 -o- Data - Bkgd —
- Vs=7 TeV . ; E
te- ] l E 100 %
s f};-@“ N T B | B :
— ? 1 7] C ]
0.8:— [ 1] _: '100} + _:
— J i P P YU RN NN RS R SRR
0.6~ T 50 100 150 200 250
50 100 150 200 250 300 m,; [GeV]

Jetp (GeV] T
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ATLAS Preliminary iz

-1 EWH
Ldt=13.0fb’, \s =8 TeV Multijet

0 Lepton 2 Jets, 160 < E™* < 200 GeV Top

ATLAS

EXPERIMENT
http://atlas.ch

—

Events/20 GeV

Diboson
--- Pre Fit
-6 Data 2012

§+

L

7 TeV data: 20 deficit compared to
background-only expectation

8 TeV data: 1o excess

> combined p= -0.4 +£0.7 (stat) = 0.7 (syst)

I
ATLAS Preliminary \s=7TeV, J Ldt=47fb"

—e— Observed (CLs) I ;
Expected (CLs) 'S~ g8 TeV, | Ldt=13.0fb
0+ 10 VH(bB), combined

LATLAS Preliminary VH (bb)
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Is the Higgs mass stabilized by New Physics ?

11, production

Status: March 26, 2013

ATLAS Preliminary
= . »f;_) t ~0

m..=Mm_o+ 5GeV

1 X,

m,. = 106 GeV
g=m.= 150 GeV
E——m.=my - 10 GeV
— LRl
= QObserved limits

: v
Le=471" M9

Ly = 13-21 fb" \s=8 TeV

Ly = 4.7 fb" =7 TeV

OL [CONF-2013-024], 1L [CONF-2013-037]  OL [1208.1447], 1L [1208.2590], 2L [1209.4186]

OL ATLAS-CONF-2012-171

1L ATLAS-CONF-2013-037
2L ATLAS-CONF-2012-167
1L ATLAS-CONF-2013-037

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

1-2L.[1209.2102]

m,= mo+5GeV
x 7

L= 128"




Searches for physics beyond the SM

Huge number of models and topologies investigated

SUSY searches not
included here

............................................................... 1 TTTI 1 T T T TTTT T T T T TTTT T T T T T 11T
Large ED (ADD) : monojet + E; ;. [E=a7i67 7 7eV [i210.4484] i az7Tev] M, (6=2)
Large ED (ADD) : monophoton + E; ... |E=28#77 eV 1209746251 1.93TeV M) (6=2) ATLAS
‘@ Large ED (ADD) : diphoton & dilepton, m.y |L=a70" 7 Tev 1211.1150] 4.48TeV| Mg (HLZ 6'3, NLO) =
AS) UED : diphoton + E; . |28 7 eV iATIASICONF 2012'072] 1.4ITev Compact. scale R Preliminary
2 S'/Z, ED : dilepton, m, |ESAS8015"7 eV [{209:353] a7 M ~R°
g RS1 : diphoton & dilepton, m,_y |L=47-501",7 TeV [1210.8380] I 2.23TeV. Graviton mass (k/I\/I,, =0.1)
3 RS1 : ZZ resonance, my, ,; |L=1:016"7TeV [1208.0718] 845 GeV CIaviton mass (k/M; =0.1) »
© RS1: WW resonance, my,, |[=47"7 eV [1208.2880] 1.237gv. Graviton mass (k/M; = 0.1) Ldt=(1.0-13.0) fb
*;: RS g, (BR=0.925) : tt — I+jets, M eq |47 17,7 TeV [ATLAS-CONF-2012-136] i 197evl g, mass I
w ADD BH (My,, /M,=3) : S dimuon, Ny, .. |E=i8%5"7 eV 111100801 sl M, (5=6) | 1s=7,8TeV
ADD BH (M, /M_=3) : leptons + jets,Zp _ |i=il0fs 7 7eV/ 120446461 igpTevl M, (5=6)
Quantum black hole : dijet, F (m;) |27 7 eviizioq7ie] f 411 TeV| M, (5=6) I
"""""""""""""" qqaq contact interaction = %(m ) * L2487 TeV [ATLAS-CONF-2012:038] | zamevl A
&) qqll Cl : ee & uu, m L=4.95.0 fb", 7 TeV [1211.1150] 13' TeV. A (constructive int.)
uutt Cl : SS dilepton + jets + E .. =107 7 TeV [1202:5520] l1.7 TeV| A
"""""""""""""""""""""" Z'(SSM) ':'r'n'ee/'“'l;' L=5.9-6.1 fb”, 8 TeV [ATLAS-CONF-2012-129] | | 2.49 TeV_ Z' mass I
Z' (SSM) :m,, |t=a7",7Tev [1210.6604] 1.grev. Z' mass I
S W' (SSM) :my,,  |L=4.7 67,7 TeV [1209.4446] 255Tev. W' mass
W' (—=tq,g_=1): m.q L=4.7 b™, 7 TeV [1209.6593] 430 Gev. W' mass I
W'y (= tb, S%M) im - |t=0 b, 7 TeV [1205.1016] 1.13 Tel W' mass I
................................................... W sy [ 7 o 20s s 2aaTev| W* mass
Scalar LQ pair (8=1) : kin. vars. in eejj, evjj L=1.01b™, 7 TeV [1112.4828] 660Gev 1" glm LQ mass I
9 Scalar LQ pair (8=1) : kin. vars. in uujj, uvjj |L=1.0f",7 Tev [1203.3172] " gbn. LQ mass I
................. Soalar LQ pair (p=1) : Kin. vars, in vej v _[£=4715", 7 1oV ertiminar ss9Gev_3” gon.
<£ " 4"1 generaltion “t't'— WbWb [L=4.7 b, 7 TeV [1210.5468]
5 47 generation : b,b (T%/Js/a)—) WIWE | L=4.7 o™, 7 TeV [ATLAS-CONF-2012-130] 670
2 New quark b': b'D"—> Zb+X, ng L=2.01b", 7 TeV [1204.1265] 400Gev b’
N Top partner : TT — tt + A A, (dilepton, M) |£=47 16" 7 TeV [1209.4186] 483 GeV . 0 GeV)
) Vector-like quark : CC,m) , |L=461b", 7 TeV [ATLAS-CONF-2012-137] 1.12 Tel VLQ mass (charge -1/3, COUpI]g Kqq =V/mg)
2 Vector-like quark : NC, My L=46 07,7 Tev [ATLAS-CONF-2012-137] 1.08 Te\g VLQ mass (charge 2/3, couplirig Kqq =Vv/mg)
Y E """""""" Excited quarks ty-jet resonance, m " | il Tev iii2.56s01 24676V q* mass
g 5 Excite_d quarks : dijet resonance, m; |L=13.0b", 8 TeV [ATLAS-CONF-2012-148] 3.84TeV. q" mass I
W= Excited lepton : I-y resonance, m [1=13.0fb", 8 TeV [ATLAS-CONF-2012-146] 2.2 TeV.

Techni-hadrons (LSTC) : dilepton,m,,,,
Techni-hadrons (LSTC) : WZ resonance (vlll), m_ W‘Z

T Major. neutr. (LRSM, no mixing) : 2-lep + jets

= W, (LRSM, no mixing) : 2-lep + jets

O H= (DY prod., BR(H=—l)=1) : SS ee (uy), m
H= (DY prod., BRtHE’—>e_u)=1) :SS ey, me:

Color octet scalar : dijet resonance, my

p, mass Iﬂ(p

H:* mass (
H* mass

I* mass (A = m(I*))
/o mass (m(p, /o) - M) = M;l
) = M) +my, m(a,) = 1.18p,))
N mass (m(WR) =2TeV)

Wy mass (m(N) < I.4 TeV)
it at 398 GeV for uu)

Scalar resonance ma:

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

10?
Mass scale [TeV]

1 10

Exotics Models:

Extra dimensions:
RS KK Graviton
(dibosons, dileptons, diphotons)
RS KK gluons (top antitop)
ADD (monojets, monophotons,
dileptons, diphotons)
KK Z/gamma boosns (dileptons)
Grand Unification symmetries
(dielectons, dimuons, ditaus)
Leptophobic topcolor Z' boson
(dilepton ttbar, l+j, all had)
S8- color octet scalars (dijets)
String resonance (dijets,)
Benchmark Sequential SM Z', W'
W' (lepton+MET, dijets, tb)
W* (lepton+MET, dijets)
Quantum Black Holes (dijet)
Black Holes (l+jets, same sign leptons)
Technihadrons (dileptons, dibosons)
Dark Matter
WIMPs (Monojet, monophotons)
Excited fermions
q*, Excited quarks (dijets, photon+jet)
*, excited leptons (dileptons+photon)
Leptoquarks (1st, 2nd, 3rd generations)
Higgs -> hidden sector
(displaced vertices, lepton jets)
Contact Interaction
llgq CI
4q Cl (dijets)
Doubly charged Higgs (
multi leptons, same sign leptons)
4th generation
t'->Wb, t'->ht, b'-Zb, b'->Wt
(dileptons, same sign leptons, (+J)
VLQ-Vector Like quarks
Magnetic Monopoles (and HIP)
Heavy Majorana neutrino and RH W




Muon Spectrometer (|n[<2.7) : air-core toroids with gas-based muon chambers
Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV

Muon Detectors TIN Calorimeter

3-level trigger
reducing the rate
from 40 MHz to
~200 Hz

Toroid Magnets

Liquid Argon Calorimeter

Inner Detector (|n|<2.5, B=2T):
- Si Pixels, Si strips, Transition

| Radiation detector (straws)
Precise tracking and vertexing,
e/n separation

Momentum resolution:

o/pr ~ 3.8x10* p+ (GeV) @ 0.015

Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

EM calorimeter: Pb-LAr Accordion

e/y trigger, identification and measurement
E-resolution: 6/E ~ 10%/~E

\

HAD calorimetry (|n|<5): segmentation, hermeticity
Fe/scintillator Tiles (central), Cu/W-LAr (fwd)

Trigger and measurement of jets and missing E+
E-resolution: 6/E ~ 50%/+E @ 0.03

F. Gianotti, College de France, 24 May 2013

49




Searches for the SM scalar have guided conception, design and technological choices
of ATLAS and CMS:
Q0 one of the primary LHC goals
0 among the most challenging processes - have set some of the most stringent
performance (hence technical) requirements: lepton identification and energy
and momentum resolution, b-tagging, E;™ss measurement, forward-jet tagging, etc.

Solenoid
1 magnet
Calorimeters inside field

Air-core toroids + solenoid
4 magnets
Calorimeters in field-free region

MAGNET (S)

Si1 pixels + strips

No particle identification
B=4T

o/pr ~ 1.5x10* p. @ 0.005

Si pixels+ strips
TRT — particle identification
B=2T o/p; ~ 5x10 p;® 0.01

H-> vy:

CMS: E-resolution
ATLAS: y "pointing”
and y/ jet separation

50

PbWO, crystals o/E ~ 2-5%/VE
no longitudinal segmentation

Pb-liquid argon o/E ~ 10%/VE
longitudinal segmentation

HAD CALO

Cu-scint. (> 5.8 A tcatcher)

Fe-scint. + Cu-liquid argon (10 A)
o/E ~ 100%/VE ® 0.05

o/E ~ 50%/VE @ 0.03

Fe = o/py~5%at 1 TeV
combining with tracker

Air = o/pr~7 % at 1 TeVstandalone




ATLAS electromagnetic calorimeter

Lead/liquid-argon detector with a novel Accordion geometry
(introduced by Daniel Fournier, LAL/Orsay) to achieve a
fast response ~ 50 ns

O good E-resolution: ~10%//E

O fine longitudinal and lateral segmentation

- vertex reconstruction (mass resolution)

> y/mO0 separation (background rejection)

I TN

Reconstruction of
primary vertex from

vy direction > maintains
good mass resolution

in high pile-up conditions

n-strips
4mm strips in
1st longitudinal
compartment

F. Gianotti, College de France, 24 May 2013



ATLAS and CMS calorimetry: the complementarity

Lead-tungstate crystals (homogeneous):
O excellent E-resolution: 2-5%/J/E

Q no longitudinal segmentation > event
vertex from tracks (more sensitive to pile-up)

Lead/liquid-argon (sampling):
Q good E-resolution: ~10%/J/E

oo 4 St GMS Prefiinery Q longitudinal segmentation - vertex
i imulation I 5 . .
o [ | from photon direction > pile-up robust
° BDT,, >= 0.91
I~ [ ~— Parametric model
*22_ 5 L L SRR R LA R R B L R IR LA R
& o 0-16—_ATLAS e Data 2011 (f*=1.5m)_]
W G, = 1.36 GeV = - vs=7TeV | Lat= 491’ =+= o Data 2011 (B*=1.0 m) J
151 1 3°/ E 014 ' ' — MC (y) -
b FWHM=2.99 Gev /o 2 012F E
r IS E 2 unconverted photons 7
i g 0.1 mi<1.37 —
T = o.osf o, ~15cm
i BeST % 0.06:— =
05 category W o 04f- E
i 0.02
::::::::::::::::::::==::::E'=-"" ‘—i:==::::::::::::::‘ | -%0 ‘_1' ! '_50‘ — ‘0' — '50' —— "-‘—’ 1_50
. (GeV
e Z(y)=Z(y,) ™™




mZW: 2 E, E, (1{cosa) a=opening angle of
the two photons

High pile-up: many vertices distributed over
oz (LHC beam spot) ~ 5-6 cm
- difficult o know which one has produced the yy pair

Primary vertex from: ‘
O EM calorimeter longitudinal (and lateral) segmentation Measure y direction with calo
O tracks from converted photons > get Z of primary vertex

Z-vertex measured in yy events
from calorimeter “pointing"

F o AmLAs ey 4y s Nete
£ 0qap Vo7V a4 — MC () 1| Q Calorimeter pointing alone reduces
2 o1ob - E vertex uncertainty from beam spot
E | 2unconverted pnotons o,~15cm |4| spread of ~5-6 cm to ~ 1.5 cm
2 ol E and is robust against pile-up
8 F 1| = good enough to make contribution to mass
g O0H E resolution from angular term negligible
0-04F" 7| Q Addition of track information needed to
0.021- E reject fake jets from pile-up in 2j categories
15

50 100
Z (Y1) —Z(Y2)




Argentina

Armenia France:

Australia 0 6 CNRS/IN2P3 laboratories + CEA/Saclay

ﬁustga“ O ~ 200 scientists (~60 students) S AR
zerbaijan . % b

Belarus’ _ O Contributed to all detector components, magnets, software T

Brazil and computing, physics (Higgs discovery ), upgrade ™

Canada _— N T

Chile Slovakia I

China Slovenia "

Colombia South Africa }

Czech Republic Spain A

Denmark Sweden e

France Switzerland ~

Georgia Taiwan : A L A S

Germany Turkey




Age distribution of the ATLAS population

F. Gianotti, College de France, 24 May 2013

All 2690
Male 81.8%
Female 18.2%
(Status 1.1. 2010)

(<35y 47.2%)
(<35y 44.0%)
(<35y 61.3%)

® Male

® Female




THANK YOU |

fcaglecartoons.com
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