ATLAS @ LHC - Prospective

In 2015 :¥5 =7 TeV > 14 TeV m

By 2021 : 300 fb1 (~ * 12) & end of approved running 17.10°

By 203x : 3000 fb1 ( ~ *10) 170.10°

Corinne Goy pour le groupe ATLAS —03/10/2013
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Planck (2013): a summary

The SM tell us about ordinary
matter :

" 5%
" |Including 0.1% neutrinos ?

Dark Matter \PARLA

Dark Energy  ffJRlIA

No clue of “what next” :
= Direct searches (VS)
= Precision measurements (L)




ElectroWeak Symmetry Breaking

= |s thisreally The Higgs boson?
= Spin & Parity
= Coupling to fermions
= Coupling to gauge bosons
= Higgs potential via triple & quartic H couplings

= Why 126 GeV ? H Q H
= Fine tuning ...

= New physics ... -~
= Link with Dark Matter. H %\ ’ H



LHC planning

2009 . LHC startup, Vs 900 GeV

2010 Al

2011 Vs=748 TeV, L~6x10%cm?3s", bunch spacing 50ns Run 1
2013

so1a LS1 QL Go to design energy, nominal luminosity - Phase 0

2015

2016 Vs=13~14 TeV, L~1x10*cms", bunch spacing 25ns

2017 ~75-100 b
2018 LS2 Injector + LHC Phase | upgrade to ultimate design luminosity

2019 N

2020 Vs=14 TeV, L~2x10*cm?s", bunch spacing 25ns

2021

2022 LS3 HL-LHC Phase |l upgrade: Interaction Region, crab cavities?

2023 \_

20307 I Vs=14 TeV, L~5x10*cm?s", luminosity levelling ~3000 fb

Approved ? > 3000 fb! / ~10 years (2033)
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Couplings measurements

Production modes @ LHC (14 TeV) : Decay modes @126 GeV :
o TP T[T I e
gg Fusion tt Fusion % T " ¢
¢ 8 I 3
510-1 ag 27 _§
8 ~
5 |
--------- H +
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% Zy
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_ Higgs-Strahlung WZ Fusion
q W, Z m
qodl o b1 \...1._11..
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--------- H
%| bb TT cc ML | WW 22
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gg |1Y Zy
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Coupling measurement with 25 fb-?!

ATLAS

m, = 125.5 GeV

Total uncertainty
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Parameter value

Combined H— yy, ZZ*, WW*

Current uncertainties : > 20%
Only ratios are accessible at LHC
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With 300 fb! and 3000 fb-!

CMS Projection 3000 fb!

| 1 I I 1 | I I I 1 | I
Expected unienainties on F— 3000 0" at f5 = 14 TeV Scenario 1
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= With 3000 fb!,
= afactor ~2 improvement is expected .
= >2t010%

= Theoretical uncertainties (QCD scale, PDF, higher
orders, non perturbative, electroweak )
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Projection by an independent group
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Measuring the Total Width

LI B B B |

My SM@125 GeV = 4 MeV

+ detector
resolution

Direct measurement is limited by the
detector resolution.
Current limits :
"= 6.9GeV (CMS)
Expected at the end of Run 1:
= ~2GeV (syst. limited)
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= Expected at the end of Run 2 : ~ 200 to 400
MeV .
= Stat. limited.




Rare Mode : H - pup (2"9 lepton)

Events / 0.5 GeV
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V(o)

Triple & Qu><ic H coupling
—-The Higgs Potential

Within SM :
= Difficult, even at ILC/CLIC VS =14TeV gg>H  gg->HH
= Explored channel: o (fb) 49850 33
" bbyy
* bbWW With 3000 b
= bbtt /bb bb (th. studies)
30%°?

Exploiting the bb final state is a necessity

15



Beyond the Standard Model

SUperSYmmetry, Compositeness, Extra-
dimensions, New Gauge bosons, New families

16



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

Large ED (ADD) : monojet + E; .. ___...__u_a_umv_ _ torrrTm
Large ED (ADD) : monophoton + E; .
m Large ED (ADD) : diphaton & dilepton, m., Mg (HLZ 8=3, NLO) uﬂgm
£ UED : diphoton + Ey .. Compact. scale R reliminary
2 s'iz, ED : dilepton, m, My~ R
m RS1 : dilepton, m, Graviton mass (k/Mp, = 0.1)
= RS1: WW resonance, my ., Graviton mass (k/Mp, = 0.1) .
© .mc_r RS:2Z resonance, m raviton mass (k/Mg = 1.0) Ldt=(1-20)fb
= RS g  — tT (BR=0.925) : ti — I+jets, m g, mass _
a ADD BH {M,, IM,=3) : S8 dimuon, N,, . e f5=7,8TeV
ADD BH (M, /M_=3) : leptons + jets,Lp
Quantum black hole : dijet, F_(m)
qqaq contact ion Ty (m )

%] qgll Cl : ee &y, am,_ A {constructive int.)

uutt Cl : SS dilepton + jets + E,

Z'(SSM) im,,,, [L=20m" 8 TeV [ATLAS-CONF-2013.017) 286TeV_ 7' mass
Z' (SSM) :m.. [L=a7 .7 Tev [1210.6604) > 1ftev 7 mass
5 Z' (leptophobic topcolor) : ti— _..._.mﬁmlﬁ: 1=14.3 fh”, 8 TeV [ATLAS-CONF-201: [a R Y 18Tev 7' mass
W' (SSM) My, [0=a7m" 7 Tev 1200 4446) n 255Tev. W' mass
W' (=1, g =1) :m, |e=a7 7 Tev (1200 6503) 430 Ga¥_ W' mass
W' (— tb, _u_NW?_d 1M, 12143 1", 8 TeW [ATLAS-CONF-2013-050] ] JimaTev W mass
Scalar LQ pair (f=1) : kin. vars. in egjj, evjj [t=1.0Mm" 7 Tev[1112.4828] s60Gav 1 gfn. LQ mass
m Scalar LQ pair (#=1) : kin. vars. in ppjj, pvjj |e=1.0m" 7 1ev [1203.3172) ssscev 2™ fen. LQ mass
Scalar LQ pair (f=1) : kin. vars. in tjj, Tvjj |t=a.7 "7 Tev [1303.0526) s3a6ev 37 gen]LQ mass
“ ) 4" generation : 't — WbWh |L=47 "7 TaV (1210 5465) 656 Gav (' maks
z4c 4th generation : b'b’ — S5 dilepton + jets + mH e ass
m M Vector-like quark : TT— Hi+X Inass (isospin doublet)
Vector-like quark : CC,m, VLQ mass (charge -1/3, coupling x5 = v/m_)
i Excited quarks :y-jet resonance, m *

TE Excited quarks : dijet resonance, _ﬁ“ q* mass
_._v.a_ K] Excited b quark : W-t resonance, m,,, " | mass {left-handed coupling)

Excited leptons : |-y resonance, m I* mass (A = m{l*))

~ Techni-hadrons (LSTC) : dilepton, BEE.H w; mass (mip fw) -min =M}
Techni-hadrons (LSTC) : WZ resonance {ivIl).m, p, mass (mip,) =mix,) +my, mia )= 1.1m{p.))
. Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W ) = 2 TeV)
2 Heavy lepton N° (type Ill seesaw) : Z-l resonance, my, N* mass (|V | = 0.5, |V | = 0.063, |V | = 0)
m = (DY prod., wxc‘q_..ulv,:u : 85 ee (up), m H:* mass (fimit at 308 GeV for pu)
Color octet scalar : dijet resonance, my Scalar resonance mass
Multi-charged particles (DY prod.) : highly ionizing tracks
Magnetic monopoles (DY prod.) : highly ionizing tracks _ Ll _ L

107 1 10 10?
Mass scale [TeV]

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

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: SUSY 2013 JLdt=(46-229)ib V5=7,8TeV
Model e Ty Jets ET [raqm) Mass limit 1 Reference
MSUGRA/CMSSM 0 2Bjats  Yes 203 17 TeV  midl=mid) ATLAS-CONF-2013-047
MSUGRA/CMSSM Tep I6jets Yes 20.3 ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 -10jets  Yes 203 1308.1841
3, §—ail o 6jets  Yes 203 ATLAS-CONF-2013-047
&, E-aaiy 0 26jets Yes 203 ATLAS-CONF-2013-047
. w..ﬁﬂu.ﬁ%..ﬂ ley  36jels  Yes 203
EE, E—qql el )T Zep  O3jets - 203
GMSE ({ NLSP) 2e.p 24 jets  Yes 4.7 1208 4508
GMSE (f NLSP) 12r 0-Zjats  Yes 20.7 .4 TeV
GGM (bino NLEP) 2y . Yoz 48
GGM (wino NLSP) Tegp+y - Yos 4.8
‘GGM (higgsino-bino NLEP) ¥ 1h Yos 48
GGM {higgsino NLSF) 2ep(Z) 03jets Yes 58 m{FT)>200 Gev
Graviting LSP 0 mone-jel  Yes 10.5 mig)=10"* eV
F—bbi) 0 3b Yes 201 |& 1
F oty i 0 T0Gets  Yes 203 |§ 11 g
Ry 01 ep 3b Yes 2041 |§ 1§44 TeV -
F—ebiiy 0-1ep 3b Yes 200 |& TeV i <300 Goy ATLAS-CONF-2013-061
by, Bi—bT] o 26 Yes 201 |y 100-620 GeV miE}<90 Gov 13082631
By by, By—ei 2eu(SS) 036  Yes 207 By 275-430 GeV miFs1=2 miF3) ATLAS-CONF-2013-007
) —bi 1-2ep 12b  Yes 47 |6 11 0BT GE T} =55 Gav 1208.4305, 1209.2102
ey O-2jets  Yes 203 |i 130-220 GeV miES) =mif )i W)-50 GoV, mifyl<omifi) | ATLAS-CONE-2013-043
Zep 2jets Wes 20.3 I 225-525 GeV T o0 GaV ATLAS-CONF-2013-065
[} 2b Yes 200 & 150-580 GeV <200 GeV, m{F])-m(F])-5Gev 13082631
Tep 1k Yes 20.7 i 200-610 GeV v ATLAS-CONF-2013-037
o 2b Yes 205 1§ F20-660 GeV' ATLAS-CONF-2013-024
0 monojelictagYes 203 | & 90-200 GeV e ATLAS-CONF-2013-068
2ep(Z) 1b Yes 207 |& 500 GeV T ATLAS-CONF-2013-025
dep(Z) 1k Yes 207 |i: 271-520 GeV ATLAS-CONF-2013-025
2ep [} Yes 203 |7 85-315 GeV ™~ i 10 GoV ATLAS-CONF-2013-043
2ep L] Yes 203 mm 125-450 GeV' TS b0 Ge, miT, #a0 S{m[E] 1emiTi]) ATLAS-CONF-2013-043
W M mwm Ky —iv(rv) 2r - Yes 207 | ¥ 180-330 GeV' ATLAS-CONF-2012-028
m_..mu..miﬂa_.:._. () dep o Yes 207 ‘1%. 600 GeV ATLAS-CONF-2013-035
Hiwize 3 0 ves 207 |Ehal 315 Gev ATLAS-CONF 2013.035
E..»LE\&‘._ ¥ 1o 2b Yes 203 m.‘m 285 GeV (710, sleptons decoupled | ATLAS-CONF-2013.083
Direct ¥y ¥y prod., long-lived ¥;  Disapp. trk 1 jat Yes 203 | 270 GeV mIF; miFS)=160 MeV. (i }=02ns ATLAS-CONF-2013.089
Stabde, stopped & R-hadron 0 1-Sjets  Yes 229 | £32 GeV {3 =100 GeV, 10 ps<r()<1000s ATLAS-CONE2013-057
GMSE, stable 7, ¥} —#{&, g)+r(e.u) 120 . - 15.9 T0<tani<50 ATLAS-CONF-2013-058
m:mw.»..m —y, long-lived 1] 2y Yos 47 Dd<r(i)<2 ns 1304.6310
G, ¥y —+qqu (APV) 1p displ vix - - 20.3 1.5 <cr<156 mm, BR(u)=1, m(F])=108 Gav | ATLAS-CONF-2013.052
LFV pp<7e + X, Fove 4t Zep . - 4.6 12124272
LFV pp—¥; + X, ¥r—elp) + 1 Teprr - - 4.6 12124272
Bilinear APV CMSSM Teu Tiets  Yes 47 ATLAS-CONF-2012-140
s ,mwlzw_. eui,  4eq - ves 207 |d
FL K], B WL E —ored,, erf, Sepsr - Yes 207 ‘m
E—raqq 0 &7 jets - 20.3 i
E—hit b 2eu(SS) 03b Yes 207 |& ATLAS-CONF-2013-007
Scalar gluon pair, sghuon—-qj L] 4 jots. - 4.6 sgluan L 100-287 GeV incl, Bmit from 1110.2833 12104826
Scalar gluon pair, sgluon—tF 2 e, (S5) 1k Yas 14.3 ATLAS-CONF-2013-081
WIMP interaction (DS, Dirac v} L] maona-jet  Yes 10.5 miy}<B0 GeV. imit of <687 GeV for DB ATLAS-CONF-2012-147
1

=8TeV —
| e G 107 _ Mass scale 1oV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus Ter theorelical signal cross section uncerlainty.



Qualitatively :
Gluino, squark (15t &
2nd)

Stop, Sbottom

NS 1 7 TeV g
- 14 TeV 7

= A substantial increase of the 1
cross-section 107
= roughly an order of magnitude

e

1 l1 1 1
500 1000 1500 200
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" Gluino/Squark: ~ 2 TeV = Stop/Sbottom : 800 GeV —1 TeV
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From 300 fb-! to 3000 fb"!

= Charginos :
= Exclusionto 1 TeV

B0
E N Is= 14 TeV ATLAS Simulation Preliminary
£ sool 23000 b exclusion, u = 140
ISS, [ 108 TeV, 20.7 fb exclusion
- 3-lepton channel ‘__,.-ﬂ--'““""---...---*-.‘
- =0 - * %
apol— X W I, < :
: mil =n‘L'I'_: - F“.“ -l-"""‘" I'i
- _.J‘ ".p []
- »
200[ ;e
B _-I"'-_-‘r"*ﬂ *, :
1m__ -I'l-‘-_ﬂ“# H
.IIIIIIIIIIIII III :IIIIIIIIIIIIIIII:IIIIII
%I' 00 400 500 800 FOO  BOD 803 1000 1100 1200

L., M, [GH‘-']
EA

Events/ Bin

Improvement of sensitivity by :
= 400 GeV (squarks, gluinos )
= 200 GeV (stop, sbottom)
= 1TeV (resonances)
model 300fb=" 1000fb" 3000 b
ZIGSM — ee 6.5 1.2 7.8
Zigy =1 64 7.1 7.6
10°F " ATLAS Préliminary g . -
108 (Simulation) IZf"r =l
107 J L dt = 3000 fb"
10° ~5TeVZ'
10° |
10*
10°
10°
10

1
10"

006 0.1 0203 1 2 3 4567

m, [TeV]



9,7, 4 or W

x Dark Matter

icci N " —m— D5(u=d)obs —a D5(u=d)obs  onon | |
+ MISSIng ET 510-36 L --- gg{Gequ2 2510 —_— gg(l\flsdl)()wkienergy 90% CL
c | —— XENON100 2012 COUPP 2012 —
S 0%l DS:ATLAS 7TeV j((3) ‘ ,/f
X 3 ——
@
210 N ._«///
Effective field theory (EFT) S o —*
Z10%
operators =
o, . . o . -44 | ini —
Competitive limits with direct 107 £ spin independent ;
[ -1 _ _
searches por .A”-‘.‘S.?O:?’,f.‘?..‘5-.8Te‘.".,.,.[2 S
1 10 10 10
" |nthe low masse range. m, [GeV]
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g B
=2 10%
CAVEAT : EFT may not hold 3
w i .
%1040 I
/9 /9 g
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Multi Boson Final States :

Vector Boson Scattering —Triple Gauge Coupling -
Quartic Gauge Coupling

w W w woow w .
Non Abelian Structure of SM :
Zh ) = |n particular access to QGC
1
w* w' w* whoow' w'
WM Wy w
o 10
H: S — .
: H 8 9
w*m w* wt wt é 8; oot
S 7F =
Ug)) b —300 b E
EWSB : - ]
= Does the “Higgs” behave as o [
expected ? 4 E
3t ATLAS -
of Simulation
- Preliminary-
1 N
0:} 1 | | 1 TR B RN A B SN A ‘_'

'3 2 1 0 1 2 3
/A% (Zyy=ITyy) [TeV]



Theoretical Uncertainties
and Precision Measurements

Theoretical uncertainties :
= PDFs, o
= Non pertubative computation
= Higher orders
= NLO done
= NNLO is the new frontier ...
= EW corrections ( 5%)

NNLO MSTW 08
100 | 2vyNNLOD
---- NLO )

sor § CMS Ha=itr =My, §)
—_ =
o]
B
: |
i 10} :
T |
= v - r == | ______

Data
useful to
control

the th. 0.5 10 15 2.0
computat

ions

2.5

CMS Projection
1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
Expected uncertainties on F— xooe s {5 14 e Somemria 1
Higgs boson signal strength F— 000 s {a= 14 Tod o Theory Lnc
H—vy } | .
Sizeable
H— WW : | . .
. contributions
of th. error.
H—bb : |
H—zxt } !
1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0.00 0.05 0.10 015
expected uncertainty
7000 .
pp -> H + jet oNNLO
6000 -\ i _

000 -

40000 -

Thil |ﬂ]]

aoon

2000

1000 | : -

0

30 EI»[] F!(] EI]{] 1I1(] l;'_l{] 1”-5[] ll?(] 1I£J{] '2I1[] EIHK] 250
i [GeV]

—>Scale uncertainty reduced from 40% to

4%
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Prospects with 3000 fb-!

= New discovery / Better limits

= Era of precision Higgs physics :

= Mass V50 M

eV

= Couplings de 2a10% (ratio)
= Rare decays (Zy, U )
= Triple H coupling ?

= Width :

= Via the interference with bkg graphs in the mode H - vy
= Sensitivity : ~400 MeV
= SM :4 MeV, current limit ~ 7 GeV

= Precision SM measurements :
=  Multi boson phenomenology
My -

= +sin%(B,,), M

Top

To cope with the event rate, event pile-up and radiation
level expected in Phase | and Il of LHC, it is needed to
upgrade the detectors — next talk.
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Higgs Boson Mass Measurement

High resolution channelH - yyand H —» ZZ* — 4l

—_— :
ATLAS mu = 125.5 £ 0.2 (stat) + 0.6 (sys) GeV
H- vy - S !
H—ZZ =
Combination —t—t—
CMS mu = 125.7 £ 0.3 (stat) £ 0.3 (sys) GeV
Hovy —+ +—
Ho2Z —
Combination L g
R R T S T T T
my (GeV)

128

ATLAS 115 GeV < my < 125 GeV

total signal signal F7AR L+jets, i 5/B expecied observed
full mass range
4u 68 + 08 63+08 28:01 055+015(19 96+ 1.0 13
2ule 3405 3.0 + 0.4 1401 15 2033|110 60x08 5
2e2u 4.7 + 0.6 4.0+ 0.5 21+01 05520107 |15 66+08 g

de 26 +04 1.2+00 1.11£028 (1.1 49:08 &
ol € 182424 P9:21 7404 3742093 | 14 271234 2

CMS 110 GeV < ma < 160 Ge'

Channel de 4[: 2e_2}r a2 |
77 background 66108 | 138+10 | 181 +13 | 385 £1.8

Z+ X 25+10(| 16+06 40+16 8.1+20

All background expected | 9.1 1.3 | 154+ 1.2 | 220=20 | 345

my =125 GeV 35505 | 6808 | 8910192 514 )
my =126 GeV 39 406 | 74409 | 9.8 £11 | it
Observed 16 23 32 71

Am of 100(50) MeV achievable for 300(3000) fb-1

Markus Klute
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« Interference depends on s/b & hence p.
« Compare H—yy divided at p.=30GeV

= 5000 ~ 3000
@ - ATLAS Simulation F =200 % Iy, = 0.81 B8V @ - ATLAS Simulation Iy =200 5 [y = 0,81 Golf
E a0 JLdt=30ab", ¥s=14 TeV Py, < 30 Gev E 250 JLat=20ap", {5s=14 Tav P, =20 GeV
- - After background subtracfion Data - ~ After background subtraction Data
1 — ,H ) B = I .
£ L T P — Fit to data § 2000 — relimina ——— Fit to data
z AN preliminary ! LI —— - Undisturbed H—yy z - P Y — -~ Undisturbed H—yy
] — o
_ I"T |,[+'\1 =-=-= Interference comection - ATL-PHYS-FUB-2013-014 * =+=-= Interference correctien
2000 — r+r { ' Comeeted H—yy = Corrected H—yy
- + i W
— ! 4
1000 er Ih 1 1
1) b ---"'||'| 128 S H
e | i
: UL
-mnui } H * H } }
E ATL—PI—IWS—F’UB—EPH—UM | | | | | | {

—23[!?1

0 115 120 125 130 135 140 115 120 125 130 135 140
m,. [GeV]

¢« Comparing peak poSitions gives sensitivity:
¢ I,<920MeV from 300fb™, 200MeV from 3ab™ (full)
¢ [,<880MeV from 300fb*, 160MeV from 3ab™ (stat)

¢ Systematic errors not dominating
—————— W Vrav STEC/Warwick 20




Another Portal to DM

= From Missing Et distribution
= Sensitivity to Br ., : ~ 10% with 3000 fb!

?1 (3% o Higgs-portal Madel for ATLAS ATLAS Simulation Preliminary
O, 10 _ ZH — ll+invisible
T raD % Vs=14 TeV, |Ldt=3000 fo”
= 10 i
o 107
@102 e,
@ e EESSEEssSsse. .
e [ ™ ===
c 107+
o -1{]-45 e
—— = Ml g
= 1{]_4? W el ;-5“" >
210 R
=10 v =)
10 aeet™ B creseT =
1D_51 m3ma ATLAS 3000 ', scaler DM smeas ATLAS 30001 °, vecior DA
.-1{]-\52 || 1 1 1 ||||||_m1|..5m‘b|-|| ?::'I.‘ 1 1 1 ||||||
1 10 10? 10°

DM Mass [GeV]



Vector Boson Scattering -
Summary

» HL-LHC enhances discovery range for new higher-dimension electroweak

operators by more than a factor of two

) . 300 fb! 3000 fb~!
Parameter | dimension | channel | Ayy [TeV] 5 95% CL 5 95% CL
cow/A? 6 zZ 1.9 34TeV™2 | 20TeV™2 | 16 TeV?2 | 9.3 TeV~2
fso/A? 8 WEw 2.0 10TeV# | 6.8TeV* | 45TeV* | 0.8 TeV™*
fri/A? 8 WZ 3.7 1.3TeV™* | 0.7TeV™* | 0.6 TeV™ | 0.3 TeV™
fra/A? 8 Zyy 12 0.9TeV™* | 05TeV™* | 04TeV™* | 0.2 TeV™
fro/A? 8 Zyy 13 20TeV* | 09TeV™* | 0.7 TeV™* | 0.3 TeV™

!

Ay unitarity violation bound corresponding
to the sensitivity with 3000 fb1

SM discovery expected with 185 fb?

BSM contribution at TeV Scale might be observed at 300 fb1!

If BSM discovered in 300 fb 1 dataset, then the coefficients on the
new operators could be measured to 5% precision with 3000 fb1

Isabell Melzer-Pellmann ECFA Workshop 1.-3.10.2012 11
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