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expected number of scatterings = cross section [cm?] x Luminosity [1/cm?]
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AN IMPRESSIVE PHYSICS PROGRAM

Standard Model Production Cross Section Measurements

Status: March 2015
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SM Higgs @ the LHC
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SM Higgs @ the LHC i, @
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SM Higgs @ the LHC
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Disentangling multiple production modes (67’
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Disentangling multiple production modes S |

Number of events is proportional to
production “signal strength” p X decay Branching Ratio B
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Example Coupling results
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: ICHEP 2014 Vs=7,8TeV
miss —1 P
Model &MY Jets EN™ [Lddm™) Mass limit Reference
—TT T T T T — T T T T —TTT
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 4.8 1.7TeV m(g)=m(g) 1405.7875
MSUGRA/CMSSM Tepu 3-6 jets Yes 20.3 z 1.2 TeV any m(g) ATLAS-CONF-2013-062
%) MSUGRA/CMSSM 0 7-10jets  Yes 20.3 4 1.1TeV any m(q) 1308.1841
S G- 0 2-6jets  Yes 203 |d 850 GeV m(@%)=0 GeV, m(1* gen. §)=m(2" gen. g) 1405.7875
S 3z z—oqab) 0 2-6jets  Yes 203 |Z 1.33 TeV m(#))=0 GeV 1405.7875
§ 28, 3aa¥i —aqWt o s ; e,u g-g jets  Yes 203 [z 1.18 TeV m(/\73)<200 GeV, m(¥*)=0.5m(t))+m(z)) ATLAS-CONF-2013-062
28, 8¢ ([g/gy/w),yl e, -3 jets - 20.3 4 1.12 TeV m(¥})=0GeV ATLAS-CONF-2013-089
Q GMsSB (g NLSP) 2e,u 2-4jets  Yes 4.7 tang<15 1208.4688
‘B GMSB (¢ NLSP) 1-27+0-1¢ 0-2jets Yes 20.3 1.6 TeV tang >20 1407.0603
% GGM (bino NLSP) 2y - Yes  20.3 1.28 TeV m(¥})>50 GeV ATLAS-CONF-2014-001
£ GGM (wino NLSP) Teu+y - Yes 4.8 m(¥})>50 GeV ATLAS-CONF-2012-144 .
GGM (higgsino-bino NLSP) Y 1bh Yes 4.8 m(t))>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets  Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(G)>10~* eV ATLAS-CONF-2012-147
5T g—)bb)(l 0 3b Yes 201 |Z 1.25 TeV m(¥?)<400 GeV 1407.0600
> QE) NG 0 7-10jets  Yes  20.3 z 1.1 TeV m(¥}) <350 GeV 1308.1841
T e EO 0-1e,u 3b Yes 201 |& 1.34 TeV m(¥?)<400 GeV 1407.0600
Co bt 0-1e,u 3b Yes  20.1 z 1.3 TeV m(¥})<300 GeV 1407.0600
bibi, b _>b)(1 0 2b Yes 201 | b 100-620 GeV m(¥})<90 GeV 1308.2631
w e biby, b—oiy 2e,u(SS) 03b Yes 20.3 by 275-440 GeV m(¥;)=2 m(e) 1404.2500
<.8 ;i (light), i —bXT 1-2e,u 1-2b  Yes 47 |h 11 m(e’)=55 GeV 1208.4305, 1209.2102
g g 11 (light), l_>Wb)(1 2e,pu 0-2jets  Yes 20.3 i 130-210 GeV m(¥}) =m(7 )-m(W)-50 GeV, m(7)<<m(¥}) 1403.4853
g‘g 7,71 (medium), 7, _)W? 2e,pu 2 jets Yes 20.3 i 215-530 GeV m(t))=1 GeV 1403.4853
=g Afi(medium), 7 —>le 0 2b Yes 201 |7 150-580 GeV m(¥})<200 GeV, m(¥;)-m(¥))=5 GeV 1308.2631
O+ 7iii(heavy), i —10) lep 1b Yes 20 i 210-640 GeV m(t})=0 GeV 1407.0583
=8 i (heavy), 71X} 0 2b  Yes 204 |& 260-640 GeV m(P0)=0 GeV 1406.1122
D 0f, o 0  mono-jet/c-tag Yes  20.3 iy 90-240 GeV m(7)-m(¥})<85 GeV 1407.0608
7171 (natural GMSB) 2e,u(2) 1b Yes 20.3 A 150-580 GeV m(¥})>150 GeV 1403.5222
by, h—h +Z 3eu(2) 1b Yes 203 |& 290-600 GeV m(¥})<200 GeV 1403.5222
O ROLR, z—mx. 2epu 0 Yes 203 |7 90-325 GeV. m(¥})=0 GeV 1403.5294
LT X o) 2eu 0 Yes 203 (%) 140-465 GeV m(¥})=0 GeV, m(Z, 7)=0.5(m(¥} )+mu{|)) 1403.5294
el o o+ %3
> 8 X])(é X =Tv(T) 32 T - Yes 20.3 X » 100-350 GeV . é (¥1)=0 fev m(z, ?) =0.5(m(¥} )+m()(1)) 1407.0350
w ‘.5 XlXa_’eLVfLZ(W)» CVELLGY) &1 0 Yes 203 RS 700 GeV mEFT)=m(¥2), m(¥)=0, m(Z. 7)=0.5(m(¥7 )+m(¥})) 1402.7029
)(IX SwWlzE) 2-3e,u 0 Yes 20.3 )-(L’)fﬁ 420 GeV m(ﬁ):m(%?), m()E?): sleptons decoupled 1403.5294, 1402.7029
)fé)f — WA 1eu 2bh Yes 203 | XX, 285 GeV , mO(XT)=n(1)(Xg), mq?) 0, sleptons decoupled [ ATLAS-CONF-2013-093
XoX3,X23 =lRE depn 0 Yes 20.3 Xa3 620 GeV mE3)=m(¥3), mE})=0, m(Z, #)=0.5(m(¥3)+m(¥})) 1405.5086
E @ Direct ¥7X7 prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 | X 270 GeV - B R
=2 5] F H * H .
S g Stable stopped g R-hadron 0 thlets Yes 279 1% BRI ATLAS Exotics Searches - 95% CL Exclusion ATLAS Preliminary
DE  GMSB, stable 7, W@ mar(e) 124 - - 159 Status: ICHEP 2014 !
S & GMSB.T1—G, longlived T} 2y - Yes 47 atus: [Ldt=(1.0-203) bt +s5=7,8TeV
4, X1 —qqu (RPV 1, displ. vix - - 203 |a 1.0 Tev i . -
Z‘;v 1244 ( . ) ; Model 6y Jets ET™ [rarm) Mass limit Reference
pp—=Vr + X, r—e+pu e - - 4.6 T T T — T T T T T T T T T T La—
LFV pp—v, + X, Vr—e(u) + T Teu+t - - 4.6 ADD Gk + g/q - 1-2] Yes 4.7 Mp 4.37 TeV n=2 1210.4491
> B|I|near RPV CMSOSM 2e,u (SS) 0-3b Yes 20.3 ADD non-resonant £¢ 2e,u - - 20.3 n=3HLZ ATLAS-CONF-2014-030
&= e SWE e, e, depu - Yes 203 |F; 750 GeV ADD QBH (g Tey 1] - 203 ne 1311.2006
)(1)(1 X -Wh X —11,, 019, Seu+T - Yes 203 |X 450 GeV 2  ADDQBH - 2j - 20.3 n=6 to be submitted to PRD
gg—»chq~ 0 6-7 jets - 20.3 g 916 GeV g ADD BH high Ny 2 (SS) - - 20.3 n=6, Mp = 1.5 TeV, non-rot BH 1308.4075
g—ofit, fi—bs 2e, (SS) 0-3b Yes 20.3 (4 850 GeV §  ADDBHhigh ¥ pr >lep >2]j - 20.3 n=6, Mp = 1.5 TeV, non-rot BH 1405.4254
@ Scalar gluon pair, sgluon—47 0 4jets - 46 [sguon [ 100-287 GeV' S AStCm - Zen - o w8 KM =01 14054123
-q:) Scalar gluon pair, sgluon—1f 2 e, 1 (SS) 2p Yes 14.3 sgluon © RS1 Gk » WW — tvly 2epu - Yes 4.7 Gk mass 1.23 TeV k/Mp, =0.1 1208.2880
& WIMP interaction (D5, Dirac ) 0 mono-et  Yes 10.5 £ | BukRS Gkx —~ ZZ - (lqq 2epu 2j/1d - 20.3 k/Mp = 1.0 ATLAS-CONF-2014-039
L W Buk RS Gk — HH — bbbb - 4b - 19.5 | Gkk mass 590-710 Gev [l k/Mp; =1.0 ATLAS-CONF-2014-005
‘/' =8TeV 1 Bulk RS gk — tt 1e,u >1b,>1J2) Yes 14.3 BR = 0.925 ATLAS-CONF-2013-052
full data 10 1 sz, ED 2epu - - 5.0 Mgk ~ R! 4.71 TeV 1209.2535
UED 2y - Yes 4.8 Compact. scale R 1.41 TeV ATLAS-CONF-2012-072
Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theo w  SSMZ' >t 2en - - 203 1405.4123
§ SsMZ orr 27 - - 19.5 ATLAS-CONF-2013-066
8 SSM W’ — ¢v Tepu - Yes 20.3 ATLAS-CONF-2014-017
'g EGM W' - WZ — tv {'¢ Sepu - Yes 20.3 1406.4456
S  EGM W’ - WZ - qqtt 2epu 2j/1J - 20.3 ATLAS-CONF-2014-039
8 LRSM W}, — th 1eu 2b,0-1j Yes 14.3 ATLAS-CONF-2013-050
LRSM Wi’? — tbh Oe,u >1b,1J - 20.3 to be submitted to EPJC
_ Cl qqqq - 2j - 4.8 1210.1718
Q  Clgqtt 2epu - - 20.3 e =-1 ATLAS-CONF-2014-030
Cl uutt 2e,u(SS) 21b>1j Yes 143 ICl=1 ATLAS-CONF-2013-051
S EFT D5 operator (Dirac) Oe,pu 1-2j Yes 10.5 at 90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
Q EFT D9 operator (Dirac) Oe,u 14,<1j Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 15t gen 2e >2]j - 1.0 | LQmass 660 GeV B=1 1112.4828
9. Scalar LQ 2" gen 2u >2j - 1.0 | LQmass 685 GeV B=1 1203.3172
Scalar LQ 3™ gen tepu1r 1b1j - 4.7 LQ mass 534 GeV p=1 1303.0526
Vector-like quark TT — Ht + X ey 22b,>4j Yes 14.3 T in (T,B) doublet ATLAS-CONF-2013-018
§-§ Vector-like quark TT - Wb+ X 1e,u >1b,>3j Yes 14.3 isospin singlet ATLAS-CONF-2013-060
% § Vector-like quark TT —» Zt + X 2/>3e,u  >2/>1b - 20.3 T in (T,B) doublet ATLAS-CONF-2014-036
T S Vector-likequark BB —» Zb+ X 2/>3e,u  >2/>1b - 20.3 Bin (B,Y) doublet ATLAS-CONF-2014-036
Vector-like quark BB —» Wt + X 2e,u(SS) 21b,>1j Yes 14.3 Bin (T,B) doublet ATLAS-CONF-2013-051
© @ Excited quark ¢" — qy 1y 1j - 20.3 only u* and d*, A = m(q") 1309.3230
:‘q:g O Excited quark ¢* — qg - 2j - 20.3 only u* and d*, A = m(q") to be submitted to PRD
l.% § Excited quark b* — Wt 1or2e,u1b,2jortlj Yes 4.7 b* mass 870 GeV left-handed coupling 1301.1583
L Excited lepton £* — ¢y 2e,u,1y - - 13.0 A=22TeV 1308.1364
LSTC ar » Wy Teuly - Yes 20.3 to be submitted to PLB
LRSM Majorana v 2epu 2j - 21 m(Wg) = 2 TeV, no mixing 1203.5420
o Type Ill Seesaw 2epu - - 5.8 | Ve|=0.055, | V,[=0.083, | V;|=0 ATLAS-CONF-2013-019
= Higgs triplet H** — ¢ 2e,u(SS) - - 4.7 H** mass 409 GeV DY production, BR(H** — (()=1 1210.5070
S) Multi-charged particles - - - 4.4 multi-charged particle mass 490 GeV DY production, |q| = 4e 1301.5272
Magnetic monopoles - - - 2.0 monopole mass 862 GeV DY production, g| = 1gp 1207.6411
Laal . N | A Lol A M
vg S - -
10 1 10 Mass scale [TeV]

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



PMSSM SCAN

Massive scan of 19-parameter phenomenological MSSM

based on 22 ATLAS SUSY Searches

pPMSSM: B-like LSP
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PMSSM SCAN

Massive scan of 19-parameter phenomenological MSSM
based on 22 ATLAS SUSY Searches

pMSSM: B-like LSP
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SEARCHING FOR DARK MATTER

"mono-X" searches look for some particle X and large
missing transverse momentum from escaping dark matter ¥y

mono-jet:
q

mono-W/Z/h/y: VBF + MeT:




HIGGS+ DARK MATTER ("MONO-HIGGS")

Events / GeV
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Extends "mono-X" program to Higgs

- — X
Simple cuts: myy € [105,160] , ErMiss > 90, pY¥> 90 GeV 780
model independent limit on BSM Higgs+E1™* production arXiv:1506.01081
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A set of EFT models are considered in which the effective gl
operator Lagrangian term can be written as o
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In addition, simplified models with heavy mediator e
g 16 Zy, m=1TeV
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NEW PHYSICS WITH = 3 PHOTONS

Many multi-lepton searches at LHC,
but almost no multi-photon searches

Inclusive limits for > 3 photons

limit on rare decay Z— 3y

BR(Z — 37) < 2.2 (2.0) x10~

look for 3y or 2y resonances 5x stronger than LEP limit

arXiv:1509.05051
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g') 800 Uncertainty, stat. + syst., signal region 100 :—%/, 2% = 60— i
L Uncertainty, stat., control regions — 80 E_ | h—>aa—>4y _E B % + Z'—>a + _>3Y ]
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DI-BOSON RESONANCE SEARCHES
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DI-BOSON RESONANCE SEARCHES
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DI-BOSON RESONANCE SEARCHES
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NEW COMBINATION WITH LEPTONIC SEARCHES

Channel Signal Region W’ mass range [TeV] | G* mass range [TeV]
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Run 2 at 13 TeV



The main 2013-14 LHC consolidations
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LHC AT 13 TEV

After a somewhat slow start, the LHC has picked up pace.
Now running with 25 ns bunch spacing

Peak luminosity of 3.8 x 10°3 /cm? s |
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PILE-UP
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Impact of going from 8 = 13 TeV depends on the physics you

want to study: it's a huge improvement for heavy particles
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Impact of going from 8 = 13 TeV depends on the physics you
want to study: it's a huge improvement for heavy particles

First months of Run 2 Next 3 years
vs. All of Run 1 vs. All of Run 1

system mass [TeV] for 13.00 TeV, 1.00 fb?
system mass [TeV] for 13.00 TeV, 100.00 fb!

0 0.5 1 1.5 2 2.5 3 3.5 4 0 0.5 1 1.5 2 2.5 3 3.5 4
system mass [TeV] for 8.00 TeV, 20.00 fb™! system mass [TeV] for 8.00 TeV, 20.00 fb™!

http://collider-reach.web.cern.ch
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TRACKING PERFORMANCE IMPROVEMENTS
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TOP PAIR PRODUCTION @ 13 TEV

In Run1, the most precise measurements
orovided by dilepton (ep) channel due to
smaller systematic uncertainties related
to Missing transverse energy and jets.

Analysis repeated for Run 2
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SEARCHES FOR DI-JET RESONANCES

Di-jet resonances provide early discovery potential
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Mjj = 5.2 TeV !

ATLAS

EXPERIMENT

Event: 531676916
2015-08-22 04:20:10 CEST
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CMS Experiment at LHC, CERN

Jet 0,

pt =2.62 TeV
eta = 0.357
phi = 0.346

T

Data recorded: Sun Jul 12 01:52:51 2015 CDT

Run/Event: 251562 / 310157776
Lumi section: 347
Dijet Mass : 5.4 TeV

Jet 1,

pt =2.55 TeV
eta =-0.160
phi = -2.885
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CMS Experiment at LHC, CERN

Data recorded: Sat Aug 22 04:13:48 2015 CEST
Run/Event: 254833 / 1268846022

Lumi section: 846

CMS DP -2015/039

Electron 1,

pt = 1278.63
eta =-1.312
phi =0.420

IEIectron 0,
pt = 1256.20
eta = -0.239
phi = -2.741

Compact Muon Sclenoid




CONCLUSIONS

Run 1 was a huge success
The ATLAS detector is ready for Run 2

2015 will be a commissioning year for 25 ns operation.

Goal of 100 fb! by end of 2018

ATLAS has made first measurements and searches at 13 TeV.

For favorable scenarios, Run 1 some results have already been

extended. Other searches will need more time & luminosity.



