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Summary of Run 1 Data Taking

* Run-1 data taking

completed in Feb 2013 -
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Pileup

 Luminosity came with
harsh conditions

— Typically 21 interactions per
bunch crossing in 2013

 ATLAS developed
techniques to cope

Recorded Luminosity [pb "70.1]
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Efficiency
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Relative energy scale

Electrons, Photons and Muons
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Jets and E,™m'ss
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« Jets and missing E; well understood at high pileup

— Techniques developed to reduce resolution degradation at
high pileup



Events

Tau ID and B-tagging
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Recent physics results



New Heavy lon Results: pPb and PbPb

Charged particle multiplicity relative to peripheral .
W charge asymmetry in PbPb data

collisions
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« Particle multiplicity stron%ly - W charge asymmetry in

dependent on centrality o PbPb data in good
pr collision agreement with PDFs to

_ _ within precision of ~5%
— Increase nearly linear with n
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Highlights of Standard Model Measurements
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processes
— Understand if MC models adequately describe

data

— Provide data to further improve MC modeling
Constrain parton distribution functions
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Top Quark: cross section and mass

* Cross section

— Precision measurement using e dilepton
candidates

— Events with 1 and 2 b-tagged jets

— Uncertainty: 4.8%

— Good agreement with theor. Prediction
o= 237.7 £ 1.7 (stat) + 7.4 (syst) + 7.4 (lumi) + 4.0 (beam energy) pb.

 Mass

Events
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Precision measurements in I+jets and =
dilepton channels S

 |lepton+jets channel uses novel 3D fit to
constrain b-jet energy scale in situ
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« Single top production via

Wt measurement using

Single Top Quark Production

different diagrams:
— t-channel

— s-channel
— Wit

boosted decision tree

o(pp — Wt+ X) =27.2 + 2.8 (stat) + 5.4 (syst) pbl
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Summary of SM Measurements
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Higgs Boson Physics



Higgs Boson Production

1 1 1 1 1 1 1
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* Production rate know to 2-10%

— Various production mechanisms sensitive to different Higgs
i« couplings (top quark versus W boson)



Higgs Boson Decay
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Higgs Boson Signals
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Spin Determination
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H— bb Search e

W, Z bremsstrahlung
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* Associated production: 24, 275 25 v
C \s=8TeV [Ldt=2031" Vo) (10

— WH->|vbb

— ZH->lIbb or vvbb
 Difficult backgrounds

— W/Z+jets, top, single top
 Control channels

— WZ->Ivbb

— ZZ->|lbb or vvbb

500 [ 0+1+2 lep., 2+3 jets, 2 tags —

1
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Events after subtraction

Hyz 265 = 0.920.2 (SM=1)

Hyi hospp = 0-220.5(stat)£0.4(syst)
(consistent with both p=0 and p=1) 2




Higgs: differential cross-section measurements

« First differential cross section measurements of Higgs production
= PrYV)ly,, |, [cos®?|, p(j1), N(jets), Ap(jj), p+(yvij)
— In fiducial region

« Will help understand accuracy of MC models and QCD calculations
— Critical for precision measurements!

 Measurements consistent with current state-of-the-art predictions
— PowHeg, MINLO, HRes1.0
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New Physics Searches



ATLAS SUSY Searches™ - 95% CL Lower Limits ATLAS Preliminary

Status: SUSY 2013 [Ldt=(46-229)for 5=7,8TeV
Model e Ty Jets ET™ [rdtfb] Mass limit Reference
T T T T I T T T T T T T T ' T T Ll T T Ll T
MSUGRA/CMSSM 0 2-6jets Yes 203 |@&g 1.7 TeV. m(@=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1enu 3-6 jets Yes 20.3 g 1.2 TeV any m(q) ATLAS-CONF-2013-062
» MSUGRA/CMSSM 0 7-10 jets  Yes 20.3 g 1.1TeV any m(q) 1308.1841
S 3, a—>q)"(‘1’ 0 26jets  Yes 203 |& 740 GeV mp%?):o GeV ATLAS-CONF-2013-047
S sz, g—)qq)(l 0 2-6jets Yes 203 g 1.3 TeV mm) 0 GeV ATLAS-CONF-2013-047
S  z& 8—qoki —>qu+)(1 1eu 3-6jets  Yes 20.3 g 1.18 TeV m(¥ )<200 GeV, m(¥*)=0.5(m(t?)+m(#)) ATLAS-CONF-2013-062
0 | gz, E-qq(et/tv)T 2epn 0-3 jets - 203 | & 1.12 TeV m(¥})=0GeV ATLAS-CONF-2013-089
Q®  GMSB (/NLSP) 2epu 2-4jets  Yes 47 tan<15 1208.4688
‘G GMSB (f NLSP) 1271 0-2jets  Yes 207 tang >18 ATLAS-CONF-2013-026
2 GGM (bino NLSP) 2y - Yes 4.8 m(#3)>50 GeV 1209.0753
£ GGM (wino NLSP) 1epu+y - Yes 4.8 m(#%)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥3)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) O0-3jets Yes 5.8 m(F1)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 105 m(g)>10~* eV ATLAS-CONF-2012-147
g S gobbY) 0 3b Yes  20.1 g 1.2 TeV m(¥9)<600 GeV ATLAS-CONF-2013-061
> GE> Fotil 0 7-10jets  Yes 203 |§ 1.1 TeV m(¥9) <350 GeV 1308.1841
T E—tihy 0-1e,u 3b Yes  20.1 g 1.34 TeV m(¥?)<400 GeV ATLAS-CONF-2013-061
Gl G—bit; 0-1eu 3b Yes  20.1 g 1.3 TeV m(t9)<300 GeV ATLAS-CONF-2013-061
BBy, bl—)b)(‘f 0 2b Yes 201 |b, 100-620 GeV m(¥2)<90 GeV 1308.2631
nc bl By, b1ty 2e,u(SS) 03b Yes 20.7 by 275-430 GeV m(¥i)=2 m(¥) ATLAS-CONF-2013-007
<9 %h(ight), hobiT 1-2eu 12 b Yes 47 | 1105167.GeV m(¥2)=55GeV 1208.4305, 1209.2102
S8 #hlight), i WhH 2eu  O2jets Yes 203 |& 130-220 GeV m(&3) =m(k)-m(W)-50 GeV, m(fy)<<m(¥;) | ATLAS-CONF-2013-048
8‘8 % t1(medium), tﬁrx‘f 2ep 2 jets Yes 20.3 f 225-525 GeV m(¥3)=0 GeV ATLAS-CONF-2013-065
< g Ati(medium), t1—>lg)(1 0 2b Yes  20.1 i 150-580 GeV m@?)<2oo GeV, m(¥1)-m(¥})=5GeV 1308.2631
O hhi(heavy) hiotl 1eu 1b Yes 207 & 200-610 GeV m(¥})=0 GeV ATLAS-CONF-2013-037
5 O Hh(heavy) h-thh 0 2b Yes 205 |& 320-660 GeV m(#9)=0 GeV ATLAS-CONF-2013-024
»B hb.h —>cX(1) 0 mono-jet/ctagYes 203 | & 90-200 GeV m(F)-m(E9)<85 GeV ATLAS-CONF-2013-068
# F1(natural GMSB) 2e,u(2) 1b Yes 20.7 G 500 GeV m("‘l’)>150 GeV ATLAS-CONF-2013-025
b, bt +Z 3e u(2) 1b Yes  20.7 B 271-520 GeV m(#)=m(¥7)+180 GeV ATLAS-CONF-2013-025
7 rlLR, F—00Y 2ep 0 Yes 203 | 85-315 GeV. m(E3)=0 GeV ATLAS-CONF-2013-049
5 B, X () 2ep 0 Yes 203 | X} 125-450 GeV m(©3)=0 GeV, m(Z, #)=0. 5(mp(1)+mp(1)) ATLAS-CONF-2013-049
= @ A?l X1, X >tv(rv) 27 - Yes 207 |X 180-330 GeV m(¥3)= 0GeV, m(%, 7)=0. 5(m(X1 )+m(X1)) ATLAS-CONF-2013-028
RS )(lx -0 t’(vv) et E(v) 3epu 0 Yes 207 | &S 600 GeV m(E})=m(¥3), m(¥2)=0, m(Z, #)=0.5(m(¥; }+m(¥3)) ATLAS-CONF-2013-035
XlX Wi ZX& 3epu 0 Yes 207 |X.K 315 GeV m(¥)= ()?2) m(#9)=0, sleptons decoupled | ATLAS-CONF-2013-035
XX WiThii 1epu 2b Yes  20.3 ,\7’:}2 285 GeV m(P%)=m(¥3), m(¥?)=0, sleptons decoupled | ATLAS-CONF-2013-093
B o Direct ¥7 &1 prod., long-lived %7 Disapp. trk 1 jet Yes 203 |i 270 GeV m(¥})-m(¥3)=160 MeV, 7(¥})=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped & R hadron 0 1-5jets  Yes 22.9 g 832 GeV m(¥3)=100 GeV, 10 us<(&)<1000 s ATLAS-CONF-2013-057
ST GMSB, stable 7, ¥i—#(8, fi)+r(e, u) 1-2 1 - - 15.9 10<tanp<50 ATLAS-CONF-2013-058
§8 GMSB, $7& long-lived £ 2y - Yes 4.7 0.4<7(F3)<2 ns 1304.6310
= 38, ¥ —qqu (RPV) 1 p, displ. vix - - 203 |4 1.0 TeV 1.5 <cT<156 mm, BR(x)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—y: + X, V:—e +pu 2epu - - 4.6 A4,,=0.10, 113,=0.05 1212.1272
LFV pp—¥: + X, ¥:—e(u) +7  leu+t - - 4.6 A5;,=0.10, (5)33=0.05 1212.1272
> B|I|near RPV CMSSM 1epu 7 jets Yes 4.7 m(g)=m(g), ctisp<1 mm ATLAS-CONF-2012-140
& F2 e 2 W)(l,xl—mev,“ euve 4epu - Yes  20.7 i 760 GeV m(/\71)>300 GeV, A11>0 ATLAS-CONF-2013-036
XL, — WY, ] —tte, ey, Beu+T - Yes 207 | 350 GeV m(/\{l)>80 GeV, 413350 ATLAS-CONF-2013-036
£—qqq 0 6-7 jets - 20.3 g 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—thit, i—bs 2e,u(8S) 03b Yes  20.7 g 880 GeV ATLAS-CONF-2013-007
N Scalar gluon pair, sgluon—qg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
_9:-‘ Scalar gluon pair, sgluon—tt 2e,u(SS) 1b Yes 143 ATLAS-CONF-2013-051
‘6’ WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147

| L L L I T T
Vs=8TeV _
- - full data 107! 1 Mass scale [TeV] 25

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



Direct charglnolneutrallno production

m %‘13 [GeV]

ATLAS Preliminary Lint =20.3-20.7 fb_1, 1s=8 TeV Status: SUSY 2013
500 - N

- — pp—ﬁfiz, via l /v, 3e/W, ATLAs-CONF-2013-035 - = = = Expected limits
450 :— —_— pp—>%1+§‘(;, viaNI,_/ V, 2€/|L, ATLAS-CONF-2013-043 — QObserved limits

L — pp%%f%g, via 7EL/ Vi, 2T, ATLAS-CONF-2013-028
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LEANT 12

~t~ . ~ ~
, via ’CL/ Vo

- -
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2T, ATLAS-CONF-2013-028

,via WZ, 3e/p, atLas-CoNF-2013-035

~t-0 . By
, via Wh, e/ubb, arLas-conr-2013-093 ,

-----

-
- ®

0
100 200

| |
300 400

500

Sensitive to y*, ¢ decays to sleptons,

W, Z, Higgs

. ATLAS CONF-2013-093
- ATLAS Prenmmary%'nsnna"tero\:‘I stV
J-L dt~20.3 b

~ SRA

Events

- slngle top
I W+jets
B Z+jets
. Wiz
3 wwiwzizz
N WH

E 7, e
0 50 100 150 200 250 300 350 400

my,, [GeV]

Data/SM
N

Dominant decay mode
depends on details of SUSY
model

— Use simplified models to assess
broad range of possibilities

— Recently first analysis with Higgs in
decay chain (difficult!!)
— Probing up LSP masses between 0

and 300 GeV depending on SUSY
parameters



Third Generation Squarks |, LT
« Third generation SUSY >t<~x >t g %

searches directly related
to hierarchy problem

— Does the stop protect the
Higgs?

ii production,?1—> t 5{? /Y1—> Wb 5(? /i—) c )’Z? Status: SUSY 2013

- ATLAS Preliminary L, =20-21f"1s=8TeV L, =4.71fb"1s=7 TeV_7]

N3 =u 0|—~i1—> 7 0L CONF-2013-024 0L [1208.1447]

. SEILL->tY 1L CONF-2013-037 1L [1208.2590]

PY Ve a ct I ve a re a of 350 oLt oty 2L CONF-2013-065 2L [1209.4186]

ry ESoLt->Wb X? N 2L CONF-2013-048
£ OL mono-jet/c-tag,t;— ¢ %10 0L mono-jet/c-tag CONF-2013-068 -
Sea rCheS 300 CDF 2.6 fb"[1203.4171]
. — Observed limits ==-- Expected limits
— Many decay modes possible 5[ Animisatosece

|IIII|\III|IIII|IIII|IIII|IIII|IIII|

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

. N
depending of mass
. . . 200
hierarchies of involved
sparticles 150
 Most recent search 100
— Top decay to charm+LSP 50
 First search with c-tagging at / / |
LHC 0 200 300 400 500 600 700
m; [GeV]

| Probing stop masses up to ~700 GeV and LSP masses up to 250 GeV




RN ESRRTRST i hunfinbeusoriont. isiousn S dostuon o T,miss

>

..................................................................................................................... ... [ fb”. 8 TeV [ATLAS CONF-2013-050

LQ

e Iy...

.......................................... \
4
4th generation : b'b' — SS dilepton + jets + E .

Exotica Searches Summary

Large ED (ADD) : monojet + £, ...
Large ED (ADD) : monophoton + E; ..
Large ED (ADD) : diphoton & dilepton, m., ,,
UED : diphoton + E; ...
8%z, ED : dilepton, m,
RS1 : dilepton, m,
RS1: WW resonance, my .,
Bulk RS : ZZ resonance, m,
RS g  — tt (BR=0.925) : tt — I+jets,m
ADD BH (M, , /M,=3) : SS dimuon, N, ;.
ADD BH (M., /M ,=3) : leptons + jets,Lp
Quantum black hole : dijet, F (m

qqll Cl : ee &ml,fﬁ
uutt Cl : SS dilepton + jets + E

Z'(SSM) im g,
Z' (SSM) :m..
Z' (leptophobic topcolor) : tt — I+jets, m,
W' (SSM) :m, .
W' (> tq, g _=1) imy,

W'y, (= tb, LREM) : m
Scalar LQ pair (=1) : kin. vars. in eejj, evjj
Scalar LQ pair (#=1) : kin. vars. in pLj, Lvjj
Scalar LQ pair (B=1) : kin. vars. in ttjj, Tvjj

JTess
Vector-like quark : TT— Ht+X
Vector-like quark : CC,m

Excited quarks : dijet resonance, A s
Excited b quark : W-t resonance, My,
Excited leptons : |-y resonance, m

Techni-hadrons (LSTC) : dilepton, m

eelup

Techni-hadrons (LSTC) : WZ resonance (Ivll), m..

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

Heavy lepton N (type Ill seesaw) : Z-1 resonance, my,,
H (DY prod., BR(H =ll)=1) : SS ee (uu), m

L . [
Color octet scalar : dijet resonance, m,

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

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

va.

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

T TTI
M; (8=2)

M (8=2)
Mg (HLZ 8=3, NLO)
Compact. scale R™
Mg ~ R
Graviton mass (k/Mg, = 0.1)
Graviton mass (k/Mg, = 0.1)
Graviton mass (k/Mg, = 1.0)
g,, mass
M (5=6)
M, (5=6)
M, (5=6)
eV A

L=20 b”, 8 TeV [ATLAS-CONF-2013.017)
L=4.7 b, 7 TeV [1210.6604)

286TeV 7' mass
—
14Tev Z' mass

L=14.31b”, 8 TeV [ATLAS-CONF-2013-052) 1.8Tev Z' mass
L=4.71b", 7 TeV [1209.4446) 255Tev. W' mass
L=4.7 1b”, 7 TeV [1209.6593) 430 GeV W' mass

1.84Tev W' mass
e60Gev T gen.LQ mass
e856ev 2" gen. LQ mass

L=1.01b", 7 TeV [1112.4528)
L=1.01b", 7 TeV [1203.3172)

L=4.7 fb”, 7 TeV [1303.0526) 5346ev  3” gen. LQ mass
| L=4.7 5", 7 TeV [1210.5468) 656 GeV t' mass
£=14.3fb”, 8 Tev JATLAS-CONF-2013-051) 720 GeV_ b'mass
L=143 1b". 8 TeV [ATLAS CONF-2013-018) 790 GeV_ T mass (isospin doublet)

L=4.61b", 7 TeV [ATLAS-CONF-2012-137]

142Tev. VLQ mass (charge -1/3, coupling x o = v/m_)
I q* mass
3.84TeV. Q" mass
b* mass (left-handed coupling)
227ev_ |* mass (A =m(l*))
pJo, mass (m(p o) - m(x;) = M,)
p, mass (m(p,) = mlx;) +m,, m(@) = 1.1m(p,))
N mass (m(W_) = 2 TeV)
N* mass (Iv ] =0.055, |V | = 0.063, |V | = 0)
H;* mass (limit at 398 GeV for uu)
Scalar resonance mass

mass (|g| = 4e)

TaSS
| L1 1111 | |

ATLAS

Preliminary

J.Ldt =(1-20)fb"
fs=7,8TeV

[eV. A (constructive int.)

10" 1 10

102

Mass scale [TeV]



Future



The LHC roadmap

< LHC startup, Vs = 900 GeV

Vs=7~8 TeV, L=6x10%3 cm?2 5!, bunch spacing 50 ns
~20-25 fb-!

Go to design energy, nominal luminosity

Vs=13~14 TeV, L~1x10%* cm2 s, bunch spacing 25 ns
~75-100 fb-!

Injector and LHC Phase-1 upgrade to ultimate design luminosity

Vs=14 TeV, L~2x1034 cm2 51, bunch spacing 25 ns

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

Vs=14 TeV, L=5x10%** cm2 s, luminosity levelling ~3000 fb-

R.-D. Heuer, CERN EPS-ECFA Meeting, July 20, 2013



Run-2 Physics Cross Sections

| ratio of 14 TeV to 8 TeV cross sections at the LHC |

WJS2013

100 : T T T ] T T T T T T T | /’ ; ~
F ratios of LHC parton luminosities: / 2 104 :_ ]

L 13 TeV/8TeV,7 TeV/8TeV ) &g, =

! % -

—_— =103

o 10F gg— bt S
M v or — |7
> L T qg 102 - =_°
2 2
o = ] =
= B i
E 4} 10 =
3 - = > > E
- 2 (R (B (B e
T2 e wl e |2 |2 E

1 "g @ s el |x |¥
I E 18 2 [z = | = [Z] |g |
MSTW2008NLO \Y C|=x X ] -] o5 1 (-] 15 (] |
0.1 Lou ] — :
100 1000 process

M, (GeV)

 Run-2 will most likely see pp collisions at Vs=13 TeV

 Large increase in cross section
— Increase ~5 for M=1 TeV and ~10 for M=2 TeV

« Discovery potential beyond Run-1 with a few fb-1
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M_o [G eV]
5
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200
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i, production, - tX /1> Wb, /1> c %,

Constraints on top squarks

Status: SUSY 2013

IIIIIIIIIIIIIIIIIIIIIIIIIIII

N

—IIII|IIII|IIII|IIII|IIII|IIIII—

- ATLAS Preliminary

N ~0
—.0L,£1—>t%
=B 1L,5—>tx
-2L,t1—>ti1

EEoLi-Wh %
£ OL mono-jet/c-tag,t;—~ ¢ Z?
CDF 2.6 fb"[1203.4171]
— Observed limits  ====
All limits at 95% CL

N

Liy=20-211f"vs=8TeV L, =4.7f"1s=7 TeV_T]

int

OL CONF-2013-024 OL [1208.1447]
1L CONF-2013-037 1L [1208.2590]
2L CONF-2013-065 2L [1209.4186]

2L CONF-2013-048
0L mono-jet/c-tag CONF-2013-068 -

Expected limits

—————

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

300 400 500 600 700

1200

g9 production, §— tf%?, m(d) >>m(g), \s =8 TeV

Lepton & Photon 2013

| ATLAS

lllllllllllllll

Preliminary

TTTTTTTTT

TTTTTTTTT

95% CL limits. Gtshl;s:)(/ not included.

- - Expected
=== Observed
-~ Expected
=== Observed
- - Expected
=== Observed

Expected

Observed

O-lepton, 7 - = 10 jets
ATLAS-CONF-2013-054

0-1 lepton, = 3 b-jets
ATLAS-CONF-2013-061

3-leptons, = 4 jets
ATLAS-CONF-2012-151

IIIIIIIIIIIIII

L, =203 bl

L, =201 b |

L, =128 fb™] 1

2-SS-leptons, 0 - = 3 b-jets [L, =207 o]

ATLAS-CONF-2013-007

600

400

200

wEEEE EEEE EEE

—

————

\
I’III|IIlI|lIII|I(|lIl|III!

KX

N A

600 700 800 900

« Constraints ever improving from both ATLAS and CMS
 However, pretty natural scenarios still allowed, e.g

— M(gluino)=1.5 TeV, m(stop)=300 GeV, m(LSP)=200 GeV
 LHC (and HL-LHC) will be able to discover such scenarios

1000 1100 1200 1300 1400 1500 1600

my [GeV]
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What can H(125) tell us about new physics?

From Higgs Snowmass Report (arXiv:1310.8361) ATLAS Simulation Prelimi
imulation Freliminary

's = 14 TeV: [Ldi=300 o' ; [Ldt=3000 fb"

oooooo
oooooo

oooooo
oooooo

Singlet mixing ~ 6% ~ 6% " 6% . N |
2HDM ~1% ~10% ~1% ’

becounling MSSM . 5.0013% e — . i
Composite ~-3% ~-(3-9)% ~-9%

Top Partner ~-2% ~-2% ~+1% =

Run-1 probes couplings with ~30% accuracy
_ NO Serlous Cha”enge fOF BSM models .................................... ................................... .

* Run-2+Run-3: precision ~10-20% R
« HL-LHC required to get ~2-5% precision m
— Will challenge models predicting subtle deviatio  ° e
— Some rare decays (Zy, UM,...) become only MXY=A(K_$)
accessible with HL-LHC

170M Higgs bosons produced at HL-LHC
— About 3M useful for precision measurements >



New physics at the weak scale

 Even if Nature is finetuned and stop is heavy we
have other reasons for new physics at weak scale
— Unification of couplings, Dark Matter, ...

 E.g. in “split-SUSY” other scalars are all heavy but
gauginos are at ~IOW mass> 600: \s= 14 TeV ATLAS Simulation Preliminary

S
£ gool ===+ 3000 fb™' exclusion, u = 140
B ===+ 300 fb™" exclusion, p = 60
s00F 8 TeV, 20.7 fb™' exclusion
- 3-lepton channel ",....._----....-.,.____...,
- 0 Wi 0 — 0 "‘,¢ \‘-
300 i: Xa; X2, 4
ZT = i: ""“
C S
200 o
- f‘— "'
- " *
100’
- .'

EU I L1 1 1 I | I | I 11 1 I L1l I | I 111 : L1l
900 300 400 500 600 700 800 900 1000 1100 1200
m:, m o [G V]

Dramatic improvement in reach by HL-LHC:
probing ~1 TeV charginos! 34




ATLAS Upgrade Plans

2009 i .
2010 Construction ongoing
Phase-0

2011 ] )

New inner pixel layer
2012
2013 | o Detector consolidation
2014

Phase-1

2015
2016 Improve L1 Trigger
2017 capabilities to cope with
2018 LS2

\ higher rates

4 Technical Design Reports

2019

2020

Phase-2 (HL-LHC)
Prepare for <uy>=200
Replace Inner Tracker
New LO/L1 trigger scheme
Upgrade muon/calorimeter

electronics

/

2021
2022
2023

20307

|k

Letter of Intent

35



Ongoing: Phase-0 upgrades (LS-1)

 Insertable B-Layer —

— Production/Integration ongoing

— Installation of IBL in the pixel detector, in
the pit: May 2014

— Important ingredient for low mass, rad-

hard construction: 2 cm x 2 cm FE-I4
Pixel Chip, 130 nm CMOS process

— Will stay until Phase-II

Disabled Modules Fraction, by Layer

b-tagging rejection vs pile-up
o e
21000 ‘ ‘
&) 900:_ smeenfyeeees IBL nominal Track Selection = Layer 2 7:0%
O F — IBL piIeupT.rackSelection . g 0.9%
E’v?ﬁﬁ’ (T RIS phoup Track Selecton : N Layer 1 [
o L ] . H
3600; W/ IBL IP3D+SV1 _; \\ \ Layer 0 o 6.3%
2 500 ) 3 o wos ot o e s o
2 400 E i
N ;  New service quarter panels
S 500 — E — At end of run-1 5% of Pixel modules were not working
@ E ] . . .
& 100 E — New SQPs recovered majority of dead channels: live
0—— % o fraction 95.2% => 98.9%
Number of pileup interactions




Phase-1 Upgrades: FTK and L1Topo

Pixel
Fast TracKer (FTK) & sCT ] l ETK
— Dedicated, hardware-based track finder T omeked 1
. . . Finding DO
— Runs after L1, on duplicated Si-detector read-out links |0 - EEE
— Provides tracking input for L2 for the full event _
. . . . Second Stage Fit (4 brds)
— Finds and fits tracks (~ 25 ps) in the ID silicon layers T
at an “offline precision” Row Dot — =
S FProcessing
§ |, ATLAS Simulation, no IBL « L1 TOpO
2 "LH- 1t {5 = 14 TeV, p=<46> . .
g fhi<ta — Topological L1 trigger
Sl Rt * — Correlate L1 objects with each other
iO'S_ —— # . .
§0 ; fo * — E.g. deltaphi(MEt, jet) for ZH—vvbb
%0'67 #’;*7” o —e— L2 algo, TAUB tracks
%Q%;t —— algo tracks SJOO MinBias_musd1 me12 14 TeV
0-4} + +:2ewljl;::K tr:cks %:350_ — ZH125_nunubb me12 8 TeV —P‘L
i 5300 — Events with at l=ast two L1 central jets
0.2 ®ss0f.  ATLAS Preliminary
r - Simulation
oy NN N N AV ANV AFIAVEN AR VA A, 200
0 20 40 60 80 100 120 T?'ﬁgtp}TB[OGeJ/]BO ]50:_
100~
Installation for Run-2 sof-
T X B

— L1Topo expected to be ready for 2015

7 — FTK: partial system in 2015, full system in 2016

min dPh|(L1-MET. L1 central jets)|



Phase-1 Upgrades: NSW and LAr

Ay

New Small Wheel

B Small Wheel Region

EML EOL
/’ A 7 F
/ RPC's 7 7 _-"le
5 - |
¢ T ./ T 1/\'. — i1 g
BoL 1 | 2 | 3 [7a ¥ 5 | & - 5
/ / 7 4 4 - |
EEL[]. -
_, - .‘/ - 4 - 7 9 LA | 4
BMLITH [ 2 /[ 3 [ a7 s/ [ 6] - L]
7 | e -
i [ =7 8
! L i - ®
ElL4 - J 1 2
211 L]
IL End:c;p 1] 1-= TGC's 1
toroid -
)
} »2
10 12 14 16 18 20 m

New Muon Small Wheels

38

improved tracking and
trigger capabilities

position resolution < 100 ym

Meets Phase-Ill requirements

« compatible with <u>=200,
up to L~7x103* cm2s-"

Technology: MicroMegas
and sTGCs

Reduce muon trigger thresholds

LAr calorimeter

Layer 3
AnxA® = 0.1x0.1

Super Cells

AnxA® = 0.025x0.1 |

Layer 1
AnxA® = 0.025x0.1

Layer O
AnxA® = 0.1x0.1

(b)

« LAr Calorimeter readout

Use higher granularity in trigger
* In space and in energy resolution

Use shower shape variables
Improve energy resolution

Reduce electron, photon, tau, jet and
missing ET trigger thresholds

Installation of both during LS2




Phase-2 Upgrade: New Inner TracKer (ITK)

Microstrip Stave Prototype
i &

* Current Inner Detector (ID)

 Designed to operate for 10 years at L=1x1034 cm2s-'
with <pu>=23, @25ns, L1=100kHz

 Limiting factors at HL-LHC
« Bandwidth saturation (Pixels, SCT)
» Too high occupancies (TRT, SCT)

« Radiation damage: Pixels (SCT) designed for 400 (700) b

Lol layout new (all Si) ATLAS Inner Tracker for HL-LHC

Barrel Strips Forward Strips

eta=0.0 /eta 1.0 SO'GnOId /

==L
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I ™ Barrel pi\ Forward pixel
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1.0

0.5
|

0.0

[ [ [ [ [ [ [ [
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z (m)

New 130nm prototype strip
ASICs in production
* incorporates LO/L1 logic

Sensors compatible with 256
channel ASIC being delivered



New Tracking detector cont.

» Studies with LOI layout
— Robust tracking (14 layers)
— Occupancy <1% for <u>=200

— Reduced material w.r.t. current ID
— Better tracking performance

at <u>=200 than current ID at <u>=0

* Prototypes tested to 2x HL-LHC flux

» Solid baseline design

— Working on further optimisation, e.g. tracking up
to [n|=4.0 for ta%ging vertex of forward jets in

VBF processes
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F ATLAS Simulation ITk Lol Layout
E' 20 W Total Hits (solid =0, points z=+15 cm)
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Conclusions and Outlook

LHC has delivered large datasets and ATLAS has operated very efficiently

— Thanks to machine team for outstanding performance!
267 publications on collision data submitted by ATLAS
— Higgs boson discovered at M~125 GeV
 looks rather SM-like at first glance but higher precision needed
— Many searches for new physics
« Severely constrains many models
— Many precision measurements
* Improve understanding of theoretical models and tools
Exciting future prospects
— Run-2 probes new territory with a few fb-! of 13 TeV data
* And probe Higgs boson more deeply
— HL-LHC will do precision Higgs physics (~2-5% precision on couplings)
 HL-LHC is Higgs factory: 170M Higgs bosons produced! (3M “useful”)
— HL-LHC will significantly extend reach for many searches
« Or provide data to explore any new discovery made earlier!!
Significant upgrades are required to fully explore the future LHC runs
— Strong technical expertise required from world-wide collaborators
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Trigger system architecture

New design for Phase Il

— 2-level system, Phase-l L1 becomes Phase-Il LO, new L1 includes tracking
— Make use of improvements made in Phase 1 (NSW, L1Calo) in LO
— Introduce precision muon and inner tracking information in L1

« Better muon pT resolution
» Track matching for electrons,...

— Requires changes
to detector FE
electronics feeding
trigger system

Will also have new timing/control
links and LHC interface system

Level-0
Rate ~ 500 kHz, Lat. ~6 us
Muon + Calo
Level-1
Rate ~200 kHz, Lat. ~20 us
Muon + Calo + Tracks

~500 kHz, 6 us ~200 kHz, 20 us
Front End Level-0 : Level-1
i Muon Trigger :
Muon [ ot 99 o wmor |
: ¢y Trigger
[ wa . MuCTPi
........ Sl o W SRS B N
i a— : o
{ Central Trigger _,TEEIH;H;C'?P + ) LE“{’.'J L s 1A
........................ SRR N N S B S I
Tracker I LOA
i |
'éE|EEi'ﬂi'e't'éF's'""""?E&EFi'r'H'e't'éE'ﬁiaé'e'F ...................... .. ........................ \FTKtechmque
DPS/TBB |+—| eFEXIFEX | — i is candidate for
¥ ' LOA — Pl .
p— | Licao L1Track trigger




L1Track Trigger

« Adding tracking information at Level-1 (L1)

* Move part of High Level Trigger (HLT) reconstruction into L1
» Goal: keep thresholds on p; of triggering leptons and L1 trigger rates low

 Triggering sequence

 LO trigger (Calo/Muon)
reduces rate within 6 ps
to 2 500 kHz and defines
Rols

« L1 track trigger extracts
tracking info inside Rols
from detector FEs

« Challenge
 Finish processing within
the latency constraints
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Direct dark matter searches

| JHEP04(2013)075 |
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New result from monojet signature with a “fat jet” which could be from a W or Z decay
Complements earlier “inclusive monojet” searches
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Search is for WIMP (x) pair-
production
— missing-E signature

Limits placed in context of
effective theories of DM
interactions with SM particles:
spin-independent (D5) and spin-
dependent(D9) with C(u)=+C(d) (-
sign enhances Wyy)

| arXiv:1309.4017 |
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