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ATLAS @work

efficient and productive

~90% usable data efficiency
2010:+/s =7 TeV, 0.05/fb
2011:vs =7 TeV, 4.6/fb
2012:v/s =8 TeV, 20.3/fb

Run | results: a 2014 publication
stream

350 publications, ~150 performance
~100 to come

600 CONF notes
660 conference talks
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2011,\s =7 TeV
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Delivered: 5.46 fb "’
Recorded: 5.08 fb™
Physics: 4.57 fb
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2012, \'s = 8 TeV

Delivered: 22.8 fb™
Recorded: 21.3 fb™
Physics: 20.3fb™
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Snowmass Energy Frontier
Research Program:

1. Measure properties of the Higgs boson.
Including: mass, CP properties, and especially couplings
2. Measure properties of the: t, W, and Z
Because they talk “loudly” to the Higgs

3.Search for TeV-scale particles

A scale inspired by naturalness



Snowmass Energy Frontier
Research Program:

1. Measure properties of the Higgs boson.
Including: mass, CP properties, and especially couplings
2. Measure properties of the: t, W, and Z
Because they talk “loudly” to the Higgs

3.Search for TeV-scale particles

A scale inspired by naturalness
)
1N adA:

4. Wrestle the Standard Model to the ground.
5. Search for kinematical anomalies wrt SM (see #4)
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|s excitement about Run 2...

sort of ...underwhelming?

Rule of thumb: a x10 increase in £ is like x2 in Ecm

and visa versa

Run 2 nearly gives us both leading to:

Unprecedented precision

W's, tops, Higgs!, flavor, inclusive o'’s,

Significant discovery reach
surpass the 1 TeV SUSY scale, Z°/W’, BSM Higgs
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buckle in - The LHC running is just

beginning
(Anadi Canepa, today)
“phase 0 upgrades” “phase 1 upgrades”

Run |
8 TeV

Run i Run I
|3-14 TeV 14 TeV

0.75 103* cm2s! 1.5 1034 cm2s! | 7-2.2 103 cm-2s-!

20 fb™! 100 fb* 300 fb™

you are here



stay buckled in

“phase 2 upgrades”

| 2025 | 2026 | 2027 2028 | 202 | 2030 | 2031 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038

Run [l Run IV Run IV

|4 TeV 14 TeV
1.7-2.2 1034 cm2s"! 1.7-2.2 1034 cm2s”!

3000 fb™

|4 TeV
1.7-2.2 1034 cm2s"!







Higher energy:

More parton luminosity

WJS2013
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dominated processes
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If we think “natural.” then

~ TeV is interesting
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Higher energy:

larger cross sections

Cross section ratios: 14 (13) TeV / 8 TeV

Minimum bias ) 1. If we think “Higgs,”
7 § . . . . .
WH 2. “precision”is important
t (s-channel)
H (ggF) - 2.6 And: pp — H#(500) + X: 14 TeV/8 TeV ~ 7

H (VBF) - 2.6

t (t-channel) - 2.8
tt 3.9

ttH 4.7

stop pair (0.7 TeV) I Ty If we think “natural,’ then
stop pair (0.9 TeV) 16 (for13Tev/8TeV:12) " TeV iS intereSting

gluino pair (1.5 TeV) 72 (for13TeV/8 TeV: 46)
gluino pair (2.5 TeV) : 5700 (13 /8:2700)
Z'SSM (3 TeV) 13
Q* (4 Tev) 87
QBH (6Tev) 12‘00‘0' |
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Run 1 is essentially a wrap



Higgs Boson Physics

Notable results

from Run 1 we anticipated:

Discovery, first looks

from Run 1 we achieved:

Discovery, indeed. and more:

mass, couplings, important final states, differential distributions
in Run 2, we expect:

Cross sections 13/14 TeV, ttH, high mass BSM searches, combination
precision couplings, differential distributions

~x10 more statistics
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PHYSICAL REVIEW D 90, 052004 (2014)
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Higgs in slices
differential distributions

the details

unfolded to the particle level

H%’Yy gg%HHRES

data / prediction

dogy/ dp_ [fb/GeV]

H— 77" — 44
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: ATLAS + data syst unc.
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Higgs couplings, 1

signal strengths, small, vibrant industry

succession of assumptions

least constrained, signal strength:

other fits with constraints

UWVBF+VH = WBF = WH HMggf+ttH = Hggf = Kt

lt;: 'l_l I T 1 1 T I UL l T 1 T 7T T T 1T 71 I L I T 1T 1 71 I .I T .I T I T 1 1T 7T I ]
: 10 ', swncagmoce -~  ATLAS Preliminary
. I — x Best fit X n
NTF o —eewcL . Vs=7TeV [Ldt=4648f" -
S5 8 s “ fs=8TeV JLdt=203f" ]
1 - M —
N —Hoyy ]
6 B —H > ZZ* - 4 -
- — H—> WW* > viv =
4 —_ H-o 1t _‘
2 -
Un -
[~ m,=125.5GeV ! ]
_2 1 1 I 11 1 1 | 11 1 | I L1 1 | | 11 1 | l L1 1 | | 11 1 1 l 11 1 | | 11 1 | I 11
-2 -1 0 1 2 3 4 5 6

}LW’ZZ*’WW*'W

ATLAS-CONF-2014-009 ggF+tH 16

ATLAS Preliminary
my = 125.36 GeV

Total uncertainty
+loonu

arXiv:1408.7084

H—yy

2
u=1.17793

arXiv:1408.5191

H— ZZ* — 4]

n=1.4433

ATLAS-CONF-2014-060

H— WW* — vlv

u=1.0822

W,ZH— bb
5404

w=0.54}

ATLAS-CONF-2014-061
H—1t

n=1.4%3

0..

Vs =7 TeV [Ldt = 4.5-4.7 fb
\s =8 TeV [Ldt =20.3 fb
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L
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Higgs couplings, 2
global fitting, big, growing industry

Production Decay

global fitting

ATLAS Preliminary Total uncertainty
my, = 125.5 GeV + 1o + 20

Model: x, Ky, K;; Kp, Kq : \ / w == I N L L N L L L L L =
P, =13% g g /,.f 29 b4 4 - o ‘H bb 3 |-¥ T
K7_=0.95+°'24 g g / - ATLAS Prellmlnary -'H 4| : -
-0.19 |- | ,,,,,, ..... . ,,,,, ,,,,, ,,,,, ,,,,,, ‘, ’ ,,,,, \ _____ | : 10_ - ﬁ —7TeV ILdt — 4648 fb1 H -
. : / — 1 \ -
: : \ / - 1 - .
Ky=0.68"0 —_— N of . E
‘ — CHo 1t . .
, € [-0.80,-0.50] - = i —
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19 -1 —
2 o : :
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(7 RE =Ry = Ry = Ky = kg = 0.99 % 0.17 ATLAS-CONF-2014-009 Ky



| _ ———— ATL-PHYS-PUB-2013-014 —

1.4— X BestFit * Standard Model
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The precision Higgs
Boson era has begun.
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Bul Walt: '
RE'S
THERE

SM hlggs final state configurations:

WW, T T, bb (Puja sana, Friday)

fiducial and differential cross sections ZZ
tTH —> 2 gamma, constrain top Yukawa
on-off peak total width measurement

125 GeV Higgs Boson characteristics
differential distributions, CP, spin

BSM Higgs searches

Charged Higgs, LFV final states, Heavy Higgs, NMSSM, Invisible decays,
Exotic Higgs, scalar diphoton
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Standard Model Physics i
Wl

Notable results

from Run 1 we anticipated:

“Rediscovery”...Precision total & inclusive cross sections, VV studies,
differential cross sections. Did we expect MW?

from Run 1 we achieved:

Rediscovery, indeed.

in Run 2, we expect:

Re-rediscovery...Precision couplings, differential distributions, much
pileup study.

First Mw?

Attention to WW

5Xx - 1T0x more statistics
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Standard Model Paleontology

pick your favorite dinosaur

Standard Model Production Cross Section Measurements

Status: July 2014

r—
0 1011 80 ubt
2 ATLAS Preliminary Run1 +s=7,8TeV
b 106 - 0.1<pr<2TeV N
S O ]
i 0.3 <mj <5TeV 1
10° £ P LHCpp Vs=7TeV  LHCpp Vs=8TeV o
- B  Theory B Theory .
104 5_ njet > 0 _5
: Lo Data 45-471! Data 20.3fb! :
C 35 pb? ]
10° o> 1 et 0 3
C 35pb! . ]
- njet > 2 O o CL |
102 - mOm s 1 M0 -~ 93/"::—:
g =0 Fol s o B n.'ﬁ'. ppor 3
X njet > 3 “4 9fo! g 13.0 fo-1 limit 3
B ~EQOm - njet>2 . .0._*_ - ]
0t b O -ﬂ-ﬁl 0.7
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F “EOm- niet > 3 .’89_‘24 95% CL 1
B njet > 5 r 1]
i njet > 5 10 -g PP 1 T
njet>4 njet> 6 - ~mQm-— limit 1
1 EF -h_.n.g 1.0 fo™* T : ?E
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B ) njet > 7 n 1 I
B njet > 5 o] 1 ' : .
10_1 :F njet > 8 : : ?:
E njet > 6 n 1 -Aa - 1 E
F (o] ! ]
10_2 E njet>7 'ﬁ : 1
= 1 3
o : 1]
B 1 [
R | P4
103 F | i E
1 1
PP Jets Dijets W Z tt tiechan WW+ WW 7Y Wt WZ 27 tty Wy Zy tW ttZ Zjj Hoyyw*wsits chan
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total <3.0 |y|<3.0 fiducial fiducial total = total = total = total fiducial total = total = total fiducial fiducial fiducial total = total fiducial fiducial fiducial total
Iyl Iyl
y*<3.0 njet=0 njet=0
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~Standard Model Paleontology

AN . .
pick your favorite dinosaur

" _Standard Model Production Cross Section Measurements  sius: July 2014
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The basics
Elastic and total pp cross section

ALFA detectors at £240m

Q3 Q1
special run of 80/ ub
Q2
3 _Illlll 1 1 1 llllll T 1 lllllll T T I llllll 1 1 |IBEEU
£ 140 o ATLAS B7L1 A7L1
o -« TOTEM
120~ s+ Lower energy pp ¥ Al A3 AS A7
_ s Lower energy and cosmic ray pp 4 A . . . « §Am 1 A2 . A
- o Cosmic rays > 5 - - < e T - ~ = ¥ =
100~ ___ cOMPETE RRpl2u ¢ ol - e '
m e 13.1 - 1.88In(s) + 1.42In%(s) . A2 Ad Ab A8
80 - B 237 237
- ] 241m — : M. 241 m_
60— -
40| omnmp ettt -
- e ] ATLAS \s=7TeV
20— o, e g B
f&&Am A--AbekenmmemmmtTT l I i — Luminosity-dependent
0 | 1 1 11 1111 1 1 L1 1111 1 1 L1 1 111 1 1 11
10 1 02 1 03 1 04 TOTEM —a— Luminosity-independent
\s [GeV] _
- p-independent
arXiv:1408.5778
ATLAS —— Luminosity-dependent

Result: oot (pp — X) = 95.35 £ 0.38 (stat) £ 1.25 (exp) £ 0.37 (extr) mb
and elastic slope B = 19.73 + 0.14 (stat) & 0.26 (syst) GeV —2

PR PR e oo oy
85 90 95 100 105 110 115
23 G \;(PP— X)[mb]



QCD jet physics

di- jet observables

m— 1010—- ! I | | LI | I ! ! -
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QCD jet physics

3 jet cross sections

Prediction/Data
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Electroweak physics

W*W- continues to be interesting

yesterday’s background is today’s confusion?

Diboson Cross Section Measurements

Status Jut‘y 2014

1 N 1 N | N 1
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Comparison with theory is difficult
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tt and t backgrounds mandate a
jet-veto requirement of pt > 25 GeV

expect x10 or so more statistics
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Z/W productlon

heavy flavor: W 4 ¢ (arXiv:1402.6263) and Z — bb (arXiv:1404.7042)
underlying event

p1(Z)
Wy, Zy, ZZ, W*W-, W*Z, fully leptonic and semileptonic

jet structure

inclusive jet my, boosted W/Zs, jet gap studies

Multi-bosons

aQGCs, TCG for Z/y -
QGC for WWWW
evidence for electroweak WW fusion (sessica Metcalfe, Friday), Zjj production

evidence for WW —> WW/jj scattering
28



Top quark Physics

Notable results

&

from Run 1 we anticipated:

precision cross sections, precision mass of 1-3.5 GeV, rediscovery of
single top, single top Wt channel

from Run 1, we achieved:

precise cross sections, mass, distributions ttbar and single top

in Run 2, we expect:

20x more statistics!

29



Top quark cross section

WIiNn-win

Most precise determinations from single and di-lepton channels

NNLO+NNLL agreement

largest sys: ttbar modeling & po
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Single top, Wt

WIiNn-win

ATLAS evidence at 4.20

then ATLAS + CMS Combined ATLAS+CMS Wt

ATLAS+CMS Preliminary TOPLHCWG
Data 2012, s =8 TeV, m = 172.5 GeV

September 2014

agreement with NLO+NNLL

All 3 single top channels:
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Top quark mass

Win-win-win

2008 estimates for 1/fb: £+1-3.5 GeV in three channels

Run 1 results? Better than predicted.

the world: < 0.5% uncertainties
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top cross sections

all hadronic final states, tau final states, ttbar/Z/WW

differential distributions: parton level, boosted ttbar, associated
production with jets and heavy flavor, W/Z, high pt boosted

single top
CP violation

top mass

pole mass from cross section tail, t -T mass difference

top properties

charge, W polarization, FCNC searches, charge asymmetry, t polarization
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Notable results

from Run 1 we anticipated:

supersymmetry discovery? no Higgs? Higgs? BSM Higgses (SP?),
extension of Tevatron IVB' searches by x2 or more,

from Run 1 we achieved:
supersymmetry limits! one Higgs, BSM Higgs searches, IVB' searches
in Run 2, we expect:

early concentration on gluino searches, di- £ & di-jet bump searches
BSM Higgs hints
additional IVB’ searches
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DESPERATELY

SEEKING SUSAN

Supersymmetric Physics

-
-
....
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STOP! IN THE NAME OF LOVE
IM IN LOVE AGAIN

stop

“Natural” scenarios?

Tev-ish new particle solution?

2 __ 2
M?% = M2 .+ (Hv

DON’T PANIC
ACT NATURAL




stop

naturally motivated

e.g. direct stop/sbottom production

look like conventional tT

200 300 400 500

100

m(x})

m(tl)

0

100

200

300

400

500

600
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Signature-based analyses:
OL + 2 bjets + MET
OL + 6 (2b) jets + MET
1L+ 4 (1b) jets + MET
2L + jets + MET



stop

naturally motivated

200 300 400 500

100

e.g. direct stop/sbottom production

look like conventional tT
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Signature-based analyses:
OL + 2 bjets + MET
OL + 6 (2b) jets + MET
1L+ 4 (1b) jets + MET
2L + jets + MET



stop

naturally motivated

e.g. direct stop/sbhottom production b/t
look like conventional tT o @i & .
t, production, t;— b fF /1> Wb T, /> t T, Status: ICHEP 2014 i X1
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stop

naturally motivated

e.g. direct stop/sbhottom production

look like conventional tT
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Status: ICHEP 2014
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stealthy stop

kinematical no-man'’s land

second generation

~ ~ ~ O
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Run 2

Center of mass energy directly extends searches

that rule of thumb...
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Run 2

Center of mass energy directly extends searches
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Z prime amaZonpri

electrons and muons . g —
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Exotics in a nutshell
a big nutshell

ATLAS Exotics Searches* - 95% CL Exclusion 1 TeV scale ATLAS Preliminary
Status: ICHEP 2014 [L£dt=(1.0-203)fb" V5=7,8TeV
miss -1
Model Ly Jets ET™ [rdm) Mass limit Reference
Ll Ll LIS l L L L} L} Al Ll LIS L L} L} L} LIS l Ll Al L Ll
ADD Gkk +g/q - 12 Yes 47 n=2 1210.4491
ADD non-resonant ({ 2e,u - - 20.3 n=3HLZ ATLAS-CONF-2014-030
ADD QBH - (q 1eu 1) - 20.3 n==6 1311.2006
ADD QBH - 2j - 20.3 n=06 to be submitted to PRD
ADD BH high N, 24 (SS) - - 203 |IMIe n= 6, Mp = 1.5 TeV, non-rot BH 1308.4075
ADD BH high ¥ pr 2lepn 22j - 20.3 n =6, Mp = 1.5 TeV, non-rot BH 1405.4254
RS1 Gkx — (( 2e,pu - - 20.3 k/Mp = 0.1 1405.4123
RS1 Gk — WW — (viy 2e,pu - Yes 4.7 k/Mp = 0.1 1208.2880
Bulk RS Gk — ZZ — ((qq 2eu  2j/1d - 203 = k/Mip = 1.0 ATLAS-CONF-2014-039
Bulk RS Gk — HH — bbbb - 4b - 19.5 | Gkk mass 590-710 Gev Il k/Mp = 1.0 ATLAS-CONF-2014-005
Bulk RS gxx — tt lepu 21b>1J2) Yes 143 BR = 0.925 ATLAS-CONF-2013-052
S'/Z, ED 2eu - - 5.0 1209.2535
UED 2y - Yes 48 ATLAS-CONF-2012-072
SSM Z' — (¢ 2e,pu - - 20.3 1405.4123
SSM Z’ — 11 2r - - 19.5 ATLAS-CONF-2013-066
SSM W’ = (v 1eu - Yes 20.3 ATLAS-CONF-2014-017
EGM W’ - WZ - (v ('l 3eu - Yes 203 1406.4456
EGM W’ — WZ — qqll 2e  2j/1J - 203 |NERSSs ATLAS-CONF-2014-039
LRSM W}, — tb Teu 2b01j Yes 143 ATLAS-CONF-2013-050
LRSM W,, — tb Oe,u 21b1J -~ 20.3 to be submitted to EPJC
Cl qqqq - 2j - 48 n=+1 1210.1718
. Cl qqtt 2eu - - 20.3 N = -1 ATLAS-CONF-2014-030
Cl uutt 2e,u(SS) 21b,21j Yes 14.3 ICl=1 ATLAS-CONF-2013-051
E EFT D5 operator (Dirac) Oe,u 1-2j Yes 105 at 90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
EFT D9 operator (Dirac) Oepu 1J,£1]  Yes 20.3 at90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 1** gen 2e >2j - 1.0 =1 1112.4828
. Scalar LQ 2™ gen 2u >2j - 1.0 B=1 1203.3172
Scalar LQ 39 gen leu, 1t 1b1j -~ 4.7 p=1 1303.0526
Vector-ike quark TT — Ht+ X l1eu >2b>4] Yes 143 Tin (T,B) doublet ATLAS-CONF-2013-018
Vector-like quark TT — Wb+ X 1epu 21b23] Yes 143 isospin singlet ATLAS-CONF-2013-060
g% Vector-like quark TT — Zt + X 2/23e,u  >2/>1b - 20.3 T in (T,B) doublet ATLAS-CONF-2014-036
Vector-like quark 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,>21j Yes 14.3 Bin (T,B) doublet ATLAS-CONF-2013-051
Excited quark g* — qy 1y 1) - 20.3 only u* and d*, A = m(q") 1309.3230
Excited quark g* — qg - 2j - 203 |G only u* and d*, A = m(q") 1o be submitted to PRD
Excited quark b* — Wit Tor2eu1b2jortj Yes 47  [IB¥mass 870 GeV! | left-handed coupling 1301.1583
Excited lepton (* — (y 2e.u1y - - 13.0 A=22TeV 1308.1364
LSTC ar —» Wy Teuly - Yes 20.3 to be submitted to PLB
LRSM Majorana v 2eu 2j - 21 |NOmass m(Wg) = 2 TeV, no mixing 1203.5420
Type Ill Seesaw 2epu - - 5.8 |V,=0.055, |V,=0.063, | V;|=0 ATLAS-CONF-2013-019
Higgs triplet H** — ¢¢ 2e,u(SS) - - 47 DY production, BR(H** — (()=1 1210.5070
Multi-charged particles - — - 44 DY production, |q| = 4e 1301.5272
Magnetic monopoles - - - 2.0 DY production, |g| = 1gp 1207.6411
L L A1 l L A L L L L Al L L L L Al l A 1 L '
-1
46 /( - - 10 10 Mass scale [TeV]




SUSY in a nutshell

ATLAS SUSY Searches* - 95% CL Lower Limits

1 TeV scale

ATLAS Preliminary

Status: ICHEP 2014 Vs=7,8TeV
Model &u Ty Jets ET™ [Lanm™) Mass limit Reference
L) L) L) L) I L} L] L) L) L) L) L) L) L) L) L] L) L) L) L)
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 4.8 1.7TeV m(G)=m(g) 1405.7875
MSUGRA/CMSSM lTep 3-6jets  Yes 203 | & 1 ') any m(g) ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 7-10jets  Yes 20.3 2 11 any m(q) 1308.1841
44, q-.qx, ) 0 g-g JG:S Yes 20.3 ; 850 GeV ey mu"(i,)=o GeV, m(1* gen. §)=m(2™ gen. §) 1405.7875
28, 8—qa¥ | 0 -Bjets  Yes 203 e m(¥})=0 GeV 1405.7875
2%, 3-q9%) —»qu-X. ; e (3)~g je:s Yes  20.3 : 111.1 vV mg‘.:kzoo GeV, m(t*)=0.5(m(¥})+m(z)) ATLAS-CONF-2013-062
28, 3—qq(LL/tv]vw)X, ep -3 Jets - 20.3 12 m(¥))=0GeV ATLAS-CONF-2013-089
GMSB ((g NLSP) 2e.p 2-4jets  Yes 47 tang<15 1208.4688
GMSB (7 NLSP) 1-27+0-1( 0-2jets Yes 203 |& 1.6TeV tans>20 1407.0603
GGM (bino NLSP) 2y - Yes 203 |2 1.0 |Tev m(t})>50 GeV ATLAS-CONF-2014-001
GGM (wino NLSP) lepu+y - Yes 4.8 m(t})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥}))>220 GeV 1211.1167
GGM (higgsino NLSP) 2e.u(Z) 03jets  Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(G)>107* eV ATLAS-CONF-2012-147
a-s g—;bu? 0 3b Yes 201 |& 1.2 TeV m(¥")<400 GeV 1407.0600
g 3_"9(6 0 7-10jets Yes 203 |& 11 m(t}) <350 GeV 1308.1841
B o N 0-1ep 3b Yes 201 |& TeV m(¥')<400 GeV 1407.0600
O gbik| 0-1e.pu 3b Yes 201 |& TeV m(¥})<300 GeV 1407.0600
byby, by —.b)(l 0 2b Yes  20.1 b, 100-620 GeV m(t})<90 GeV 1308.2631
I;.I;. by —-m 2e,u(SS) 03b Yes 203 |b 275-440 GeV m(¥})=2 m(t}) 1404.2500
i\ 71 (light), 7; —b¥| 1-2e,u 1-2b Yes 47 |4 1104167 GeV! m(t})=55GeV 1208.4305, 1209.2102
i1 (light), 7, -»wm. 2ep 0-2jets Yes 203 |7 130-210 GeV m(t}) =m(i,)-m(W)-50 GeV, m(7,)<<m(¥}) 1403.4853
171 (medium), 7\ —ux‘. 2e.p 2jets  Yes 203 |7 215-530 GeV m(t))=1GeV 1403.4853
17 (medium), 7 —bi} 0 2b Yes 201 |7, 150-580 GeV m(E)<200 GeV, m(¥})-m(t})=5 GeV 1308.2631
ifi (heavy), 7y % vy Tep 1b Yes 20 |4 210-640 GeV m(t})=0 GeV 1407.0583
i (heavy)l )=, 0 2b Yes 20.1 7 260-640 GeV m(t))=0 GeV 1406.1122
hiy, i —ck) 0 mono-jeVctag Yes 203 |7 90-240 GeV m(i,)-m(¥})<85GeV 1407.0608
nn (natural GMSB) 2e,u(2) 1b Yes 203 |7 150-580 GeV m(¥})>150 GeV 1403.5222
hih, i +Z 3eu(2) 1b Yes 203 |#&@ 290-600 GeV m(¥})<200 GeV 1403.5222
T rlig, (-0 2e.p 0 Yes 203 |7 90-325 GeV m(¥))=0 GeV 1403.5294
X Tf 1. X = Iv(y) 2ep 0 Yes 203 |X} 140-465 GeV m(¥?)=0 GeV, m(Z, 7)=0.5(m(¥)+m(¥})) 1403.5294
X f)?j X\ —tv(rv) 27 - Yes 203 |X 100-350 GeV m(E))=0 GeV, m(#, #)=0.5(m(¥} }+m(¥})) 1407.0350
E )(Iia—»{ngL(( ), (L LG) 3eu 0 Yes 203 k“.{' 700 GeV m(¥})=m(¥3), m(¥})=0, mi(Z, 9)=0.5(m(¥; )+m(i))) 1402.7029
XiX,—Wy r2q) 2-3ep 0 Yes 203 .?l.x‘ 420 GeV m(¥; )=m(§‘_,‘), m()g‘. )=0, sleptons decoupled | 1403.5294, 1402.7029
Y- WE A 1ep 2b Yes 203 g*.,i’! 285 GeV m(¥})=m(E2), m(¥)=0, sleptons decoupled | ATLAS-CONF-2013-093
XaXs, Xas —lpl d4ep 0 Yes 203 ,\},_, GeV m(¥2)=m(¥7), m(¥])=0, m(Z, ¥)=0.5(m(¥3)+m(¥})) 1405.5086
Direct Y1 ¥y prod., long-lived X; Disapp.trk 1 jet Yes 203 |§ 270 GeV m(¥})-m(¥})=160 MeV, 7(¥{)=0.2 ns ATLAS-CONF-2013-069
Stable, stopped  R-hadron 0 1-5jets  Yes 279 |& 832 GeV m(¥})=100 GeV, 10 us<7(%)<1000 s 1310.6584
GMSB, stabie , ¥-#@, (e, p) 1-2p - - 15.9 10<tanp<50 ATLAS-CONF-2013-058
GMSB, ¥ —yG, long-lived ¥ 2y - Yes 4.7 0.4<r(¥])<2 ns 1304.6310
33, X\ —qqu (RPV) 1p, displ. vtx - - 203 |4@ 1.0 Te' 1.5 <ct<156 mm, BR(u)=1, m(¥)=108 GeV | ATLAS-CONF-2013-092
LFV pp—v: + X, vy —e+pu 2epu - - 4.6 A;,,=0.10, 4,3,=0.05 1212.1272
LFV pp—v,. + X, V., —e(u) + T lepu+t - - 46 A5,,=0.10, 4;2)3:=0.05 1212.1272
> Bilinear RPV CMSSM 2e,u(SS) 0-3b Yes 20.3 9.8 TeV m(g)=m(g), ctrsp<1 mm 1404.2500
& XXy, iT—»Wio.io—beefl,,.epf/, 4ep - Yes 203 | & 750 GeV m(¥7)>0.2xm(¥}), 42,20 1405.5086
X1X7,X]SWE| X >trve erv,  Sep+T - Yes 203 i{' 450 GeV m(E))>0.2xm(¥}), 4,320 1405.5086
2—qqq 0 6-7 jets - 203 |2 916 GeV BR(r)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—iy1, [y —bs 2e,u (SS) 0-3b Yes 20.3 2 850 GeV 1404.250
Scalar gluon pair, sgluon—gg 0 4 jets - 46 | sgluon ~ 100-287 GeV incl. limit from 1110.2693 1210.4826
Scalar gluon pair, sgluon—i 2e, y (SS) 2b Yes 14.3 ATLAS-CONF-2013-051
WIMP interaction (D5, Dirac y) mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
Vs =8TeV 10!
full data Mass scale [TeV]
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*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 10 theoretical signal cross section uncertainty.
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SUSY

stop searches (Max Wanotayaroj, Friday)

spin correlations

Electroweak-ino production, many channels and assumptions
GSMB models, delayed and non-pointing photons

out of time events and disappearing tracks

R-parity violating final states

Additional searches

W' searches to hadronic final states (Ho Ling Li, Friday)
dijet, ZZ, ZW, W\gamma, Z\gamma resonances

Vector like quarks (Brad Schoenrock, Friday)

Dark Matter inspired: Mono jets, tT, b, t

LFV and long-lived neutral particles (Andrew Hard, Friday)

prompt and non-prompt lepton jets (Hari Namasivayam, today)
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Flavor Physics

Notable results

from Run 1 we anticipated:

measure: bb— ]/, pp—J/ v, and B*—]/y + K cross section ratios

begin to contribute to world averages on B-hadron properties; start to
set limits on rare decays

from Run 1 we achieved:

many production studies, y, ¥ studies, new physics searches, new b
states

in Run 2, we expect:

increased statistics, improved performance/triggers, robust against &
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First excited B*.

open beauty discovery, cb

S. Godfrey PHYSICAL REVIEW D 70 054017

c |
572 7588 7565 7571 75684 p
7600 -L—7455 7475 7487 = 7563
=TTz 7365 7376 7380 -
(7250 7272 7372 7269 7276 7271]
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E (6855 5887 70% _
» 6800 F 6706 SO~ . > my = PDG
% — 6741
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= 6400 F 633 B, Mass Spectrum },l,
6271 —— q
6000 L—L : T pr(r) >4 GeV
e 3q 3 35 3 3 3 3
S, S, P, P, 'P, D, D, D;’F, F, °F,
e s S
(<]
FIG. 1. The B, mass spectrum. ; 35 ATLAS Qg ..
~ Ldt=19.2f0"
1 1 i g % J-E-STeV
= -
2°Sy — 1Sy + 27w E1-E1 transition S
w »  Wrong-charge
20 combinations

Q values consistent with the production and
decay of a new state, B*c with a mass of
6842 +4 + 5 MeV

Significance is 5.2 o with “look-back”

300 400 500 600 700
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Production and Decays, incl

Y(2s) in many distributions, prompt and non-prompt
W+ incl double parton scattering contribution

¥c production, prompt?

Y(1s,2s,3s) production

open charm/beauty, in jets, inclusive

Spectroscopy, incl

yu(3P) discovery, Ap mass, lifetime, PV in Ap — J/i AY, Rare Decays
Searches, incl

FCNC search for Bas — u* u
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Long Shutdown 1 Projects
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Tracking and Calorimeter Systems

many projects

SCT and TRT readouts enhanced, operational

new ROD in SCT
90 — 128 S links and compression leading to 100 kHz @ u = 87
data compression, different gating in TRT leading to 104 kHz with 2% occupancy

Pixel Detector brought to surface, reinstalled

Layer 0: 6.3% — 1.4%; Layer 2: 7% — 1.9%; now 98% functional of 1744
new diamond/Si beam monitors installed
prepared for IBL

LAr and Tilecal

LVPS replaced (LAr) fixed (Tilecal): readouts tested to more than 100 kHz
Phase 1 “demonstrator” installed
Min-bias trigger scintillators
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Muon system

staged from Run 1

New ROD for CSC system

limited ATLAS L1 trigger rate to 70
kHz...now 100 kHz

=1 nm @} & | o | &}

New EE endcap chambers

Repairs

Broken CSC chambers, repaired,
reinstalled

RPC leak repairs

TGC chamber replacement requires
detector to be closed
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Trigger system

considerable enhancements

Ecvm from 8 to 13 TeV (x2.5) +
gpeak 0.8 tO 1 .6 X 1034lcm2/5

5x trigger rates from Run 1

“L1Topo": topological object
correlations at L1

jet + Etmiss + angle sep & improved Etmiss

Upgrades to:

L1 rate, 70 kHz =100 kHz
operation, factor 4/3 increase.
hardware

HLT rate, 400 Hz = ~1 kHz
operation, factor of ~2 increase.
algorithms

new connections

' Muon l

( ) new Hardware
( Calorimeter J = new Firmware
Y
4 A Y ) s
—»| ClusterProcessor Merging
PreProcessor (56 modules) (8 modules) »
Modules ) Topological
I I Processor
4 "4 ) N
( nMCM -) JM H| owxl}— n
—
Jet/Energy-Proc. Merging
RIS TiackRoey (32 modules) (4 modules)
! ! -
( Readout (20 modules) & Control (48 modules) [} )

(_Y_\

CTP

Level-1
Central Trigger
Processor

(11 modules)
—
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Trigger system

hardware

New preprocessors (nMCM)

80 MHz digitization, lower noise
New merger modules (CMX)

x4 speed enhancement over CMM
L1 Topo processor

trigger on object relations at L1 e.g. A¢p(E™SSt, j)

- fine tuning of
digitization in
1 ns steps

| Calorimeter l

Y

new connections

m new Firmware l Muon |

s

™~ ~ —\
PPV M cPM Sadal CTP
ClusterProce Merging
PreProcessor (56 module (8 modules) Level-1
Modules \_ Central Trigger —
I I Processor
f ™\
nMCM Il JEM cvx Il
Jet/Energy-P: Merging
(124 modules) (32 modules otk ia (11 modules)

A

(

implements algorithms for:
- E,measurement
- Bunch crossing ID (BCID)

Commissioning
underway in-situ

On-Board generation - 80 MHz
of test signals - 10 bit

S7

Bignal Generator Dual Channel ADCs

to CP & JEP

implements functionality of
- fine timing chip
- ASIC algorithms

LVDS-Serialize
- Data transmissio

== SRR — CRTNY —— CORRTey — VN —— TR —— SR - ey ST
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Computing & Software & Analysis
speed/efficiency and pileup

@ 90p . I :
Many algorithmic, mathematical, & 2t o
oy — Run 1 Geomelry. o BL
fitting changes g eo- MCHevents
pt nl HS06 = 11.95 =
, .§ 50 é ~e— Full reconstruction g
factor >3 galﬂS é 405— —e— Inner Detector only —5
2 30- 3 budget @0.4
' 8 20f =
pileup robustness E 2k mAS Simuaion 3 LHC eff
- RDOto ESD 3
Completely redeSigned analySiS 0727033t 10033640t 19.1.1., 64bi
d I Software release
mode
"\ AOD"” Athena reconstruction is  tamewer

(Athena) ~TB

ROOT-readable, tuning. CP)

Athena-based analysis

ROOT-based analysis

disk usage tight...working on

, Athena-based analysis ~GB
XAOD sizes CP -.599:..-
ROOT-based analysis

memory usage gymnastics

Reconstruction

CP tools mostly migrateo (htens)
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conclusion

Run 2 is an unusual event for all of us

we've seen CM energy increases:

tevatron 2 TeV to LHC 8 TeV

now we can anticipate:
14 TeV
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conclusion

Run 2 is an unusual event for all of us

we've seen CM energy increases:

tevatron 2 TeV to LHC 8 TeV
now we can anticipate:
14 TeV

we've seen instantaneous ¥ increases:

tevatron peak of 4 x 1032 /cm?/s to LHC peak of 7 x 10> /cm?/s

now we can anticipate:
1.5 x 1034 /cm?/s
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conclusion

Run 2 is an unusual event for all of us

Orders of magnitude!




Minimum bias 7‘ 1.2 Y T Y
77 T_‘ 2.1 STANDARD
wh e
t (s-channel) 2.2
H (ggF) 7_‘ 2.6
H (VBF) 2.6
t (t-channel) 2.8

tt 7_‘ 3.9

“ ppf \;ﬂ" %\»1 Tev/8TeV ~ 7

ttH  — 4.7

stop pair (0.7 TeV) - ) 11 (for 13 TeV/ 8 TeV: 8.4)

stop pair (0.9 TeV) J16 (for13TeV/8TeV: 12)
gluino pair (1.5 TeV) - J 72 (for13TeV/8TeV: 46)
gluino pair (2.5 TeV) J 5700 (13/8:2700)

Z'SSM (3 TeV) } 13
Q* (4 Tev) J 87
QBH (6 TeV) - 12000
1 10 100 1000 10000 100000
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