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A brief look at ATLAS

Recent Run | results
« Data taking

« Selected recent results
— From SM to Exotics (SM, Top, Higgs, SUSY, Exotics)

Run |l
« Upgrades and Performance

* First results with 13 TeV data
— From SM to preparation for Exotic searches
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The ATLAS detector at LHC

* ATLAS is a multi-purpose detector at CERN’s LHC
« 38 countries, ~ 178 institutions, ~ 3000 physicists
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The ATLAS Detector in Run |

Magnets 4 Superconducting

» Central Solenoid (B= 2T) Myon spectrometer (|n| < 2.7)
» 3 Air core Toroids(B=3-8 T) 44m Trigger & meas. of muon
. — . » CSC+TGC+RPC+MDT
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§ Hadron Calorimeter (|n|<5)

Trigger and meas. of jet/Emiss
» Fe/scintillator (central),
Cu/W-LAr (fwd)

25m

Tile calorimeters
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- LAr hadronic end-cap and
forward calorimeters
Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracke EN Calorimeter (|n|<3.2)
Semiconductor tracker ely ID trigger measurement

» Pb-LAr accordion
Inner detector (|n|< 2.5, B=2T) A o
Tracking, vertexing, dE/dx, e/x ID > O/E ~ 10%NE(GeV)e1%
» Si pixels, Si strips, Trans. Rad. det.
» 0o/p; ~3.8x10-4p;(GeV)e0.015
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ATLAS Trigger systems in Run |

Multi-level trigger system selects interesting events from O(20 MHz)
Stored events for physics analysis ~ 400 Hz
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ATLAS Distributed Computing System

« Manages world-wide data processing, MC production, user analysis jobs
« O(150k) computing cores

fydashbe Running jobs

160,000 . 69.Weeks from Week 01 of.2012 to Week 17 of 202.13

140,000

120,000

100,000

80,000

60,000

40,000

20,000

Mar 2012 Jun 2012 Sep 2012 Dec 2012 Mar 2013

W MC Simulation W User Analysis W MC Reconstruction M Group Production M Group Analysis
M \alidation ["]Data Processing [ Testing W MC Simulation (XP) B MC Reconstruction (XP)
[ Cthers M MC Production

Maximum: 159,549 , Minimum: 0.00 , Average: 128,295, Current: 43,369
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ATLAS Run | data (2009 — early 2013)

2009: ~20 ubat\s =900 GeV G [l TTITTITITIITIIIIT
2010: ~ 45 pb'at Vs =7 TeV z 25 Prelminary S
201142012 ~25Mb" atVs=7,8TeV £ 200 fnews | o f -
+ 7.6 billion pp events, 7.4 PB data volume 3 .- E
% E 2011,Ns =7 TeV E
E 10:— Delivered:.5‘46 fb:: _:
Excellent performance of LHC, © 5— / —
detector and data taking: o e b

0
¥ pot b oct yent ppf 3 oct
Month in Year

ATLAS p-p run: April-December 2012

Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel ~SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

99.9 99.1 99.8 99.1 99.6 996 99.8 100. 99.6 99.8 99.5

All good for physics: 95.5%

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at
Vs=8 TeV between April 4™ and December 6t (in %) — corresponding to 21.3 fb'! of recorded data.
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STANDARD MODEL

Luis R Flores Castillo XV Mexican Workshop on Particles and Fields November 3, 2011



SM production cross sections

» Tests of the SM at higher energy, probing new physics
» Backgrounds for searches and precision measurements (W/Z+jets, ttbar, di-bosons)

Standard Model Production Cross Section Measurements
e e e e
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Status: March 2015 JLdt
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TOP QUARK STUDIES
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TOp quark Mass EPJC (2015) 75:330

Precise measurements is a critical input to EW fits
Measured in ttbar — lepton +jets (fully reconstructed) or di-lepton, 7 TeV (~5 fb1)
— Single lepton: 3D fit (m,,,*°°, m,,"*<° (hadronically decaying W) and R,,,"*))
* R, ‘ratio of transverse momentum of b-tagged jet to average transverse
momentum of the two jets of the hadronic W boson decay
» 3D reduces systematic uncertainty wrt previous method (2D)
— Di-lepton : 1D fit (m <)
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g Vs=7 TeV. 4.6 fb"! 59 Best fit background Z s=7 TeV. 4.6 fb"" [F Best fit background
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w 300 — ' (
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mi° [GeV] m{§§° [GeV]

mfoj,mb =172.99 +0.48(stat) +0.78(syst) GeV = 172.99+0.91 GeV World avg:

173.34 £ 0.76

Luis R Flores Castillo XV Mexican Workshop on Particles and Fields November 3, 2011



Single top production

- ) ' — ' '
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U t

+ t-channel : 1 isolated leptons (e / u), one b-tagged jet, 1 forward jet, missing E;

Y *+ Wt channel : 2 isolated leptons (e / p), one b-tagged jet, missing E;

+ s-channel : 1 isolated lepton (e / u), two b-tagged jets, missing E;
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Top production with W or Z (ttV) arXiv:1509.05276

Fit results on 15 signal and 5 control regions
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Searching for new physics with the top ariv:1500.00294

FCNC forbidden at tree level, suppressed at higher orders
Enhanced rate in BSM models (B ~ 10-°- 10-3) t ¢
qg—t—bW (W in leptonic decay) v

g v
= Z<'19'-3'|'~-| """" I R I IE
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No signal seen, upper limit is set at 95% CL.:

/A <538 (13) x107 TeV™

u(c)gt
B(t—u(c)g)< 4 (17) x 107
O, xB(t—=DbW)<29 (3.4) pb expected(observed)
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HIGGS BOSON STUDIES
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SM Higgs boson at the LHC

Gluon fusion process (87%) Vector Boson fusion (7%) Associated production Associated production
with W/Z (5%) with top (1%)
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Higgs measurements and searches in ATLAS

H—vyy : good resolution
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H— Zy: Clean signal
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. IRV ATLAS Input measurements
Signal strength individual analysis| 415 on p
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Fiducial and differential cross sections

Model independent measurement of

PRL 115 (2015) 091801
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= LIS L L B L B B L L L B . U A I I I I I SR I I I = L L B B LI I
() M HRes + XH > 1.2 ATLAS pp—H M HRes + XH () ATLAS pp—H B NNLOPS+PY8 + XH
(O] —+— B NNLOPS+PY8 + XH © data. tot " B NNLOPS+PY8 + XH (O] . # MG5_aMC@NLO+PY8 + XH
= I _+_ # MG5_aMC@NLO+PYS + XH P - data, tot. unc. = SySLUNC. G aMC@NLO+PYS + XH = anti-k, R = 0.4, Ny, 20 B SHERPA2.1.14 XH
v M SHERPA2.1.1+ XH el [ \s=8TeV, 20.31b" M SHERPA2.1.1+ XH ] _ - wees XH = VBF + VH + ttH + bbH
I%'_‘] 02F %W “or XH = VBF + VH + ttH + bbH L * ’ *w+ XH = VBF + VH + ttH + bbH _-8:_ _$-—' +dala tot. unc. = syst. unc.
B -4- data, tot. unc.  syst. unc. ~ 0.8+ 4 81072 L :i: {s=8ToV, 203 " |
° \s=8TeV, 20.3b" s
;b ATLAS pp—H 0.6 =™ mu i = ] g e
- el .- -
L . 0_4++ e
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Higgs boson couplings arXiv:1507.04548

K.=g/g", A=K K, K=K K. [K,

Assuming only SM contribution to the total width Most generic case: Allowing new
and no invisible or undetected H boson decays particles in loops, no assumption
(simplest case) on total width

— Global fit to all data & decay channels

— Measured fermion & vector ATLAS  irrevisarw
_ _ 68% CL: sl =8TeV,20.3fb"
coupling-strength scale factors Ky = 1.09+0.07 oL o vemeTe
in agreement with SM K. =1.11+0.16 DR
F Kgz=1.18£0.16 -
E>|> _|IHI| T T T TTTTT T T T TTTTT T T I\IIII‘ T |_ AZg= 109t8§g *:
s g ATLAS t Awz € [-1.04, -0.81] L -
= - s=7TeV,454.7 1] Z¥ 3 u[0.80, 1.06] ;
N - s=8TeV, 203 b’ A Ag €[-1.70,-1.07]
e | AW U[1.03,1.73] !
gL|_ 10'1 = — Observed 3 An>=0.60+0.27 :
-~~~ SM Expected E bz = V.58 = -
I ] Az =0.999% 4
Al . ) :
R: f‘{ E (95%CL) A,z<2.3
C A ] :
I b ] Ayz=0.90 £0.15 -
3 ","‘ | H
L (95%CL) Azyz< 3.2 :
ZJ | | | ] | | | i mH=|125.36CreV
10™ 1 10 10° =2 -1 0 1 2 3

i P [
Particle mass [GeV] arameter value
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arXiv:1506.05669

Spin and Parity

H—ZZ*—4] angular observables

Using H—ZZ*—4l, H->WW*—evuv, H—yy
» Spin-0: CP-even BSM (0*,), CP-odd pseudo-scalar (0)
* Spin-2: Universal couplings and K /K, = 0 and 2
Exclusion determined from q: likehood ratio to e\
distinguish between two spin hypotheses '

ATLAS H—Z7* — 4l

—e— Observed ls=7TeV,451"

------- Expected /s =8TeV, 20.3 '

= 823;2 H— WW* - evuy

[ 10°SMz*3o0 's=8TeV,2031b' Jr Model Choice of tensor couplings

. JE t1o H— vy KsM KHVV Kavy  «

[ ‘JP t20 ls=7TeV,451' 0T Standard Model Higgs boson 1 0 0 0
o ) +30 's=8TeV, 203 10" 0 BSM spin-0 CP-even 0 1 0 0

401 : : : E 0~ BSM spin-0 CP-odd 0 0 1 /2

30F :
20;_ | | ] Values of spin-2 quark and gluon couplings p7 selections (GeV)
10 l l_ l_ ._‘ Kqg = Kgq Universal couplings - -
_. v kg =10 Low light-quark fraction < 300 < 125
1ok . . l . l l Kq = 2Kg Low gluon fraction < 300 <125
-20F : ; ; ;

sf i SM is favored; alternative

JP=0 JP=0 JP=2r JP=2r JP=2r JP=2r JP=
Kq=Kg =0 Kq K= KQZZKQ

BTNV SV o VR s models excluded > 99'9%CLS

o
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Spin and Parity

Combined fit to H—»ZZ* and H—>WW* final states

L for spin-0 particle interaction with W or Z boson

. . P . . v ) R
Constraint the Spin-0 coupling ratios L) = (cos(@)sut [rz22,2" + grww Wi W]
= = _11 (I 7404
(KAW /KSM)-tana and K,y /K, ix [cos(a)KHZZZWZ + sin(@)kazzZyyZ ]
11 + W—uv . + Y{/—uv
R = llKA . -5 [COS((Z)KHWWwﬂVW K 4 sm(a/)KAWWW#VW H ]} Xo
(H) 4 A (H)
‘éao_llflllTll|T|T||{||\||f|{||f||f| iso_llf\lllllfllfTIlf\llllllffllf\ll
o~ L ATLAS H—ZZ* - 41 i o [ ATLAS H— ZZ* — 4]
' - s=7TeV, 451" 8 ' F s=7TeV, 451"
25— Opserved s=8TeV, 20315 B 25~ Opserved s=8TeV, 2031 ]
__ Expected: H— WW* — evuv __ Expected: Ho WW* = vy |
20l signal strength fitto data ¢ _g TeV, 203 5" 7 ool signal strength fitto data ¢ _g TeV, 203 15" b

Spin-even BSM
contribution

P Expected: SM

------- Expected: SM

Spin-odd BSM
contribution

1 | 111 | L1l | 111 |’1\JA L"’"l‘l - | L1l | 111 | 1
-8 6 -4 -2 0 2 4 6 8 -8 -6 -4 -2 0 2 4 6 8
K/ Kau (Kavy/Kgy ) - tana

Best-fit value 95% CL Exclusion Regions

Coupling ratio

Combined Observed Expected Observed
RHvv /Ksm —0.48 (—o0, —0.55] | J[4.80,00)  (—o0, —0.73]|J[0.63, o)
(Favy/ksm) - tana —0.68 (—o0, —2.33]|J[2.30,00)  (—o0, —2.18]J[0.83, c0)

BSM to SM tensor couplings are compatible with the SM expectation

Luis R Flores Castillo November 3, 2011
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Rare processes

Higgs boson production in association with a top-quark pair
— Direct measurement of top quark-Higgs coupling
— ttH (H — bb / multilepton H(—ZZ, WW, <))

Best fit u(ttH) = o/ogy for my = 125 GeV

ATLAS

EPJC (2015) 75:349

Parameter value

2 E ) 4 Data [t (125) L L
SRS oreon 2 5 e B ﬁﬁ;’f:% L — tot. ATLAS \s=8TeV,203f" |
o) OB e e T @H(HobB)  (tot) (stat)
% ) Pre-fit
O 103‘ Dilepton |— ——e——— 28120 (1.4) |
T 102;—
I E Lepton+jets — =—o—— 12+13 (0.8) —
N—" 10 R
I §1.25§— Combination|-  H—e—- 15 +1.1 07)
= go.y;//%/m////////////% ST e
T ST 0 2 4 6 8 10
2y BT b BT AT Best fit u=o/c_ for m =125 GeV
—~ (PLB 749 (2015) 519)
- \ \ \ ATLAS Preliminary
O — ot ATLAS Ve=7TeV,45-471b" Vs=8Tev,20.3b"
g — stat Vs =8TeV,20.3 b} s=7TeV,4.5-4. s=8TeV,20.
o ’ o, (sat) 68% CL: ——
ot. (stat. 95% CL: —_—
@D 2607, | H—e— 28 2 (13| e R o o R
“— 2 ; bb: p =151
= 30} f—o—y 28 BEUEN pggr - 1.23'3233 i ttH i
o0 o120 : Multilepton: p = 2.1°] 14
L -09 15 H
E Thad H—— 70 (48 fyer = 1234032 ——— = 1326
: Typ=137,
T 4ct % 118785 (28 : :
Uy = 0.80 £0.36 —————
T 1273, { -9.6 9% (231 " :
~  Combined| —— 21 ppny] How= 1812080 ; *=—— | Nosignificant excess
L et ) over the background is
= WTE e wZ 0 Tz w6 6 0w 05 0 05 115 225 3 gpserved in both searches
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Searching for new physics with the Higgs boson

Invisible Higgs decay (VBF) arxiv:1508.07869 H—aa—uutt (PRD 92 2015 052002)

: et NMSSM : H decays to lightest pseudoscalar higgs
8 — v E|
2 W Other Backgrounds
€ W SM Uncortainty |
g —@— Data 2012 E|
w
ATLAS ] s 10°E T T T : \
203", 8 TeV 3 & P ATLAS mM=mnC=>l)15295rv§:\/95% CL e ATLAS mZZSGg:J/served 95% CL
SR1 4 & [ 1s=8Tev,2080" ... Median Expected 95% CL I 8TeV,203f" oo Median Expected 95% CL
x 10E m tic T . <o
g i20 2 ok +20
2 r g R SM gg— H
<] T 1
- , | o 1k z
2 e v v = f g
8 05 NE 21k
50 200 250 300 350 400 450 500 se T E
ET™*[GeV] sl 10 I F
s [
3
No excess over expected background g
At 95% CL 10 e 20 30 40 10]08 450506 550" 500 350 400 450500
o 0 m, [GeV] m, [GeV]

B(H—invisible) < 28 % (31%) obs (exp)

VH(W/Z—hadronic, H—invisible)

H*—>W=*Z—qqll (PRL 114 231801 (2015))

e
= [
= \s=8TeV 20.31b" ATLAS . . .
L Wz Hom) ~o- Observed (CLs) Charged Higgs boson appears in many SM extension
: ---- Expected (CLs) . . o
ol = models : 2HDM, Higgs Triplet model
*t 20
X
b§
51; T 10*E A ae T T T
s E 10°F 7 T T ba :F"w.zl ] e = g ATLAS —e— Observed (CLs) 3
5 L < ,F s-eTevzoaw’ -,,,;m*g:v N Fos=8Tev, 203f" e Expected (CLs)
g RS i 2 [ oWz Mo ]
8 r S 4o =TI BEURRY- ez E
o, e oo O I S
| “M ] an -
1 B~ = 2] 2
‘ b 1 h 100 E
10— 107" = > E 3
A T T S T I P T % E © r ]
120 140 160 180 200 220 240 260 280 300 102
m,, [GeV] E 10;— 3
107 . F ]
EPJC (2015) 75:337 3 2 . 1
& T Y klx#li}*l o P P N PO FUOE P T
m,=125 GeV B e 200 300 400 500 600 700 800 900 1000
H 3 200 300 400 500 600 700

B(H—invisible) < 78% (86%) obs (exp) m [GeV] m,. [GeV]
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SUSY
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Mass limits

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

Status: July 2015 Vs=7,8TeV
Model &7y Jets EX [rdim™) Mass limit [5=7TeV| +5=8Tev Reference
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 3.8 1.8 TeV m(g)=m(3) 1507.05525
G, G—qiy 0 2-6jets Yes 203 |§ 850 GeV m(¥})=0 GeV, m(I* gen. §)=m(2" gen. §) 1405.7875
g 43, G—qX| (compressed) mono-jet  1-3jets  Yes 20.3 q 100-440 GeV m(G)-m(¥})<10GeV 1507.05525
5 34, q—)q([[[{[v/vy),\(l 2e,u(off-Z) 2 jgts Yes 20.3 q 780 GeV m(¥))=0 GeV 1503.03290
§ 3% 8-k 0 26jets  Yes 203 |2 1.33 TeV m(F})=0 GeV 1405.7875
O 7z 5-qq¥] —>qu1)(1 O-teu  26jets  Yes 20 |2 1.26 TeV m(¥7)<300 GeV, m(¥*)=0.5(m(t})+m(3)) 1507.05525
2 38, 3-qq(CC/tv/y)T} 2en 0-3 jets - 20 |z 1.32 TeV m(F%)=0GeV 1501.03555
= GMSB (7 NLSP) 1-27+0-1( 0-2jets  Yes 20.3 4 1.6 TeV tang >20 1407.0603
2 GGM (bino NLSP) 2y - Yes 20.3 4 1.29 TeV c7(NLSP)<0.1 mm 1507.05493
g GGM (higgsino-bino NLSP) Y 1b Yes 203 |z 1.3 TeV m(F7)<900 GeV, cr(NLSP)<0.1 mm, u<0 1507.05493
= GGM (higgsino-bino NLSP) Y 2jets Yes 20.3 4 1.25 TeV m(¥))<850 GeV, cT(NLSP)<0.1 mm, 1>0 1507.05493
GGM (higgsino NLSP) 2e,u(Z) 2jets  Yes 203 |& 850 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes 20.3 F'/2 scale 865 GeV m(G)>1.8 x 107 eV, m(g)=m(g)=1.5TeV 1502.01518
S5 3883~ bb)n 0 3b Yes 201 g 1.25 TeV m(/? )<400 GeV 1407.0600
&2 223 i) 0 7-10jets  Yes 203 |Z 1.1 TeV m(¥}) <350 GeV 1308.1841
3 :E 22, gﬁn)(; O-ep 3b Yes  20.1 z 1.34 TeV (,\/°)<4oo GeV 1407.0600
N0 aa sobit 0-1e,u 3b Yes 201 |2 1.3 TeV 79)<300 GeV 1407.0600
L£§ bbb _>b)(] 0 2b Yes  20.1 by 100-620 GeV mpv.)<so GeV 1308.2631
§ J bbb atx, 2e,u(SS)  03b Yes 203 |b 275-440 GeV 2 m(/\/,) 1404.2500
g@ 171, F—bYT 1-2ep 12b Yes 4.7/20.3 t:l_v 230-460 GeV mFT) = 2m(¥}), m(¥})=55 GeV 1209.2102, 1407.0583
g 0 t|4>Wb)(1 or it} 0-2e.u O-2jets/1-2b Yes 203 |74 90-191 GeV 210-700 GeV m(E))=1 GeV 1506.08616
S5 Ai,h Sof) 0  mono-jet/ctag Yes 203 |74 90-240 GeV m(i)-m(i))<85GeV 1407.0608
= § 717 (natural GMSB) 2e,u(2) 1b Yes 20.3 7 150-580 GeV m(E))>150 GeV 1403.5222
oD b, bl +Z 3e.u(2) 1b Yes 203 |& 290-600 GeV m(F})<200 GeV 1403.5222
L rlL LR, Z—>[)2, 2e,pu 0 Yes 203 |Z 90-325 GeV m(¥))=0 GeV 1403.5294
XUXT, X7 =Dty 2ep 0 Yes 203 |X; 140-465 GeV m(¥9)=0 GeV, m(Z, 7)=0.5(m(¥*)+m(¥2)) 1403.5294
o XX X =) 27 - Yes 203 |# 100-350 GeV m(¥1)=0 GeV, m(z, 7)=0.5(m(¥7 )+m(1)) 1407.0350
=3 l* "H(Lvm(w), GTLLGY) 3epu 0 Yes 203 | WY, 700 GeV m(EF)=m(E9), m(E?)=0, m(Z, 7)=0.5(m(¥; )+m(¥})) 1402.7029
W % )(IX —wizvS 2-3e.n 0-2jets  Yes 203 | XK 420 GeV m(ET)=m(¥3), m(¥})=0, sleptons decoupled | 1403.5294, 1402.7029
Xix *)WthXl, h—bb/WW/tt[yy &MY 0-2b Yes 203 )?I,)?z 250 GeV m(E;)=m(¥3), m(¥})=0, sleptons decoupled 1501.07110
X3, Koy —Trl 4ep 0 Yes 203 | X3, 620 GeV mE9)=m(¥3), m(¥1)=0, m(Z, 7)=0.5(m(¥3)+m(¥})) 1405.5086
GGM (wino NLSP) weak prod. Teu+y - Yes 203 W 124-361 GeV cr<imm 1507.05493
Direct ¥1¥7 prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 | 270 GeV mFT)-m¥))~160 MeV, r(¥})=0.2 ns 1310.3675
5 Direct X1 ¥ prod., long-lived X7 dE/dx trk - Yes 184 | 482 GeV m(¥})-m(¥})~160 MeV, r(¥;)<15 ns 1506.05332
Q g Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 z 832 GeV m(E))=100 GeV, 10 us<7(7)<1000 s 1310.6584
=G Stable gz R- hadron trk - - 191 | & 1.27 TeV 1411.6795
E’ E GMSB, stable 7, X, -7, ;4)+‘r(e w 1-2p - - 19.1 )?E 537 GeV 10<tanp<50 1411.6795
3 Q GMSB )(| —yG, long-| Ilved)(] 2y - Yes 20.3 X 435 GeV 2<r()?lJ<3 ns, SPS8 model 1409.5542
22 )(ﬁgev(/qw/ﬂﬂv displ. ee/ep/pp - - 20.3 ’?5 1.0 TeV 7<c 'r()(,)< 740 mm, m(z)=1.3 TeV 1504.05162
GGM 33, X1 —~ZG displ. vix +jets - I 1.0 TeV 6 <ct(f))< 480 mm, m(z)=1.1 TeV 1504.05162
LFV pp—¥: + X, r—ep/et/ut efL,eT Ut - - 203 | ¥ 1.7TeV  4,,=0.11, A132133/233=0.07 1503.04430
Bilinear RPV CMSSM 2e,u(SS)  03b Yes 203 |4.& 1.35 TeV m(@)=m(g). ctrsp<1 mm 1404.2500
XIRT, X =W)X —eevy, epve 4ep - Yes 203 |¥f 750 GeV m(E))>0.2xm(E5), 4,2, %0 1405.5086
S U X Wi Mot eti, Bepu+T - Yes 203 | ¥ 450 GeV mE)>0.2xm(ET), 4133%0 1405.5086
Q- z3 8-q4q 0 6-7jets - 203 |2 917 GeV BR()=BR(b)=BR(c)=0% 1502.05686
= 38,8 q)(l,X1 - qqq 0 6-7 jets - 203 |2 870 GeV m(¥})=600 GeV 1502.05686
88, g1, i —bs 2e.u(SS)  03b Yes 203 |2& 850 GeV 1404.250
i1, 1 —bs 0 2jets+2b - 20.3 7 100-308 GeV ATLAS-CONF-2015-026
i, f—bl 2ep 2b - 203 |#& 0.4-1.0 TeV BR(7) —be/)>20% ATLAS-CONF-2015-015
Other Scalarcharm, E—m?? 0 2¢ Yes 20.3 ¢ 490 GeV . m(F})<200 GeV 1501.01325
107! 1 Mass scale [TeV]

*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.

No significant evidence of a SUSY signal at Run 1

uis R Flores Castillo



2-Iepton + jetS + MET arXiv:1503.03290

 Two same-flavor opposite-charge leptons,
jets and MET

* Dilepton mass compatible with Z
« Compatible with SUSY decays with Z
bosons in the final state
> __l | TTT | TTT | TTT | TTT | TTT | TTT | TTT | TTT | TTT | |__ > LT | 1T I I'TT | ITT I TTT | 17T | 1T I TTT | ITT | ITT | T]
o 14 ) ]
B —o— Data 7 —e— Data i
(Lg : ATLAS % Standard Model ] E(D) 12—ATLAS % Standard Model ]
N 120 g TeV, 203! [ Flavour Symmetric ] o [ s=8Tev,203f" [ Flavour Symmetric ]
-~ B [ Other Backgrounds - ~ i [_] Other Backgrounds
"g 10__SR_Z e m(g),u=(700,200)GeV_] "g 10_ SR-Zpyw L m(g)u=(700,200)GeV
R e m(g)1=(900,600)GeV T - I m(g)u=(900,600)GeV |
i o i L gL -
: 30 E """"" :u........._ : : 1 n 70 ........... :
6 K . o -
4+ * ... - ac -
e e L] g | EL L
u-----_.:' """" -ll_ ” ’ Y 2 'm IIIII hasan --‘ // / l |
82 84 86 88 90 92 94 96 98 100 82 84 86 88 90 92 94 96 98 100
m, [GeV] m, [GeV]
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EXOTICS
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Heavy boson searches (decays to WW, WZ, ZZ)

ATLAS-CONF-2015-045

« All leptonic, semileptonic and hadronic final states considered

* No excess observed and limit set for the models:
— Extended Gauge Model with a heavy W’
— Randall-Sundrum model with a heavy spin-2 graviton

o(pp — W) x BR(W’ — ZW) [pb]

- + 1 6 uncertainty
|:| * 2 ¢ uncertainty

L T T | T | T T T I T T T T I T T T T
o ATLAS Preliminary EGM W, ¢ = 1, Leading Order
10 ys=8Tev
= = 4 — — Expected 95% CL
™\ JLdt=2031b
B —+—— Observed 95% CL
10

IIIIIIII| IIIIIIIII IlIIIILll IIIIIILl] 114

1 E Channels Combined: IvIT + llgg + Ivqq + JJ
107
1072 é—
1 0_3 T 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 |
500 1000 1500 2000 2500
my [GeV]

EGM model exclusion limit:
Largest deviation ~2 TeV with p, value of 3.40 (2.50)

obs (exp) in JJ

@ 95% CL., my,< 1.81 TeV

o(pp — G*) x BR(G* — VV) [pb]

102

10

107"

1072

1073t

E | T T T T | T T T T I T T T T I T j
| ATLAS Preliminary Bulk RS graviton k/Mp, = 1, Leading Order |
ls=8TeV 4 — —- Expected 95% CL
| Ldt=20310

——— Observed 95% CL

- + 16 uncertainty
|:| + 2 ¢ uncertainty

| llIllLI.l | IIIIIIII | IIIIIIII 1 llllllll

g Channels Combined: llqq + Ivqq + JJ
L
I R ~ 1 L L
500 1000 1500 2000 2500
mg. [GeV]

RS model exclusion limit:
@ 95% CL., mg. <810 (790) GeV obs (exp)

Best sensitivity from lvqq

Luis R Flores Castillo
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SCa|ar |ept0q uarks sSea rch arXiv:1508.04735

> 10° g
« Leptoquarks (LQ): R T " 2 e
. . . . E TO-seaii diboson
— Color-triplet bosons with fractional electric § oy fake leptons
charge and non-zero values of both baryon CETN e, Etz;%§§§§§v
and lepton number o T
10 o
— Expected to decay directly to lepton—quark B
pairs e
. . s 1SFET T T T T T
° D F o | Wkl 4
First and second generation LQs (LQ1 apd s
LQ2) are searched in 2e+2jets and 2u+2jets, R T "t ogely] el e T
. . . 100 200 300 400 500 600 700 800 900 1000
« Third generation (LQ3) in bv_bv_, tv_tv_ = [GeV]
Similar to SUSY searches -
g 10° \s =8 TeV, 203 fo"
% 10° LQLQ->ppjj gi:(e)fon
o e e S0y
Excluded range at 95% CL. & e — - myq = 1000 GeV
M o1 < 1050 GeV - ey
M o, < 1000 GeV B

B e U —

..JJ'LLr c b b b b b LT

b-channel m o5 < 640 (625) GeV expected (observed) 10’

t_Channel %15 __I .. I**é;# I | ,,I,, /! N /I//'//__
o 1[0eeeeeeey®ed s g Y W % 2 % ///,

200 (210) < m o3 < 685 (640) GeV expected (observed) z - T e T +
. 1(|)0 2(|)0 3(I)O 4(|)O 5(IJO 600 700 800 90r$)1 1[(()_I_§)é)v]
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Exotics summary

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 JLdt=(47-20.3) b \Vs=7,8TeV
Model ty Jets ET™ [rdif] Limit Reference

ADD Gkk +8/q - >1j Yes 203 n=2 1502.01518

ADD non-resonant ££ 2e,u - - 20.3 n=3HLZ 1407.2410

ADD QBH — ¢q 1eu 1j - 20.3 n==6 1311.2006

g ADD QBH - 2j - 20.3 n==6 1407.1376
d ADD BH high Ngy 2u(SS) - - 20.3 n =6, Mp = 3 TeV, non-rot BH 1308.4075
ADD BH high ¥ p1 >leu >2j - 20.3 n=6, Mp = 3 TeV, non-rot BH 1405.4254

ADD BH high multijet - >2j - 20.3 n =6, Mp = 3 TeV, non-rot BH 1503.08988

T RS1Gkk -t 2epu - - 20.3 k/Mp =0.1 1405.4123
RS1 Gkk — vy 2y - - 20.3 k/Mp =0.1 1504.05511

g Bulk RS Gyx — ZZ — qqtt 2e,pu 2j/14 - 20.3 k/Mp; = 1.0 1409.6190
Bulk RS Gyx — WW — qqtv 1eu 2j/1J  Yes 20.3 k/Mp =1.0 1503.04677

Bulk RS Gk — HH — bbbb - 4b - 19.5 | Guk mass 500-7201GEV k/Mp = 1.0 1506.00285

Bulk RS gik — tt lepu >1b,>1J2) Yes 203 BR =0.925 1505.07018
2UED/RPP 2e,u(SS) 21b,21j Yes 203 1504.04605

SSM Z" — ¢t 2eu - - 20.3 1405.4123

2 SSMZ -rr 27 - - 19.5 1502.07177
S SSM W’ — ¢y 1epn - Yes 203 1407.7494
_8 EGM W' - WZ - &v ' 3eu - Yes 20.3 1406.4456
© EGM W’ - WZ — qqtt 2eu 2j/1J - 20.3 1409.6190
ga EGM W’ - WZ - qqqq - 2J - 20.3 1.3-1.5 TaWll 1506.00962
T HVT W’ - WH — ¢évbb Tepu 2b Yes 203 1503.08089
S (Rsm W, - tb e 2b01j Yes 203 1410.4103
LRSM W, — tb Oe,u >1b,1J - 20.3 1408.0886

—  Clgqqq - 2j - 17.3 1504.00357
QO  Clgqtt 2eu - - 20.3 e =-1 1407.2410
Cl uutt 2e,u(SS) 21b,21j Yes 203 ICul=1 1504.04605

S EFT D5 operator (Dirac) Oe,pu >1j Yes 20.3 at 90% CL for m(y) < 100 GeV 1502.01518
Q' EFT D9 operator (Dirac) Oeu 14,21] Yes 203 a190% CL for m(y) < 100 GeV 1309.4017
o Scalar LQ 1%t gen 2e 22j - 20.3 =1 Preliminary
=  ScalarLQ2" gen 2u 22j - 20.3 B=1 Preliminary
Scalar LQ 3" gen le,u  21b,23] Yes 203 B=0 Preliminary

VLQ TT - Ht+ X leu 22b23] Yes 203 Tin (T,B) doublet 1505.04306

2L viayy s whix tepu 21b23) Yes 203 Yin (B,Y) doublet 1505.04306
S S VLQBB - Hb+X lepu 220,23] Yes 203 isospin singlet 1505.04306
I & VLQBB- Zb+X 2/28e,u  2221b - 20.3 Bin (B,Y) doublet 1409.5500
Tsz > Wt 1eu 21b,>25] Yes 20.3 1503.05425

Excited quark g* — gy 1y 1j - 20.3 only u* and d*, A =m(q") 1309.3230

% Excited quark ¢* — qg - 2j - 20.3 only u* and d*, A= m(q") 1407.1376
Excited quark b* —» Wt for2eu1b,2jor1j Yes 4.7 b* mass 870 GeV left-handed coupling 1301.1583

W 5 Excited lepton £ — &y 2emly - - 130 A=22Tev 1308.1364
Excited lepton v* — ¢W,vZ eyt - - 20.3 A=16TeV 1411.2921

LSTC ar - Wy Tepuly - Yes 20.3 1407.8150

LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020

. Higgs triplet H=* — ¢£ 2e,u(SS) - N 20.3 DY production, BR(H* — ££)=1 1412.0237
[ Higgs triplet H** — ¢r 3eut - - 20.3 DY production, BR(H* — r)=1 1411.2921
g Monotop (non-res prod) 1leu 1b Yes 203 Bnon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, || = 5e 1504.04188
Magnetic monopoles — - - 7.0 DY production, |g| = 1gp, spin 1/2 Preliminary

TR | " MR R | " " PR
ooro [ e
10 1 10 Mass scale [TeV]

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




ATLAS UPGRADES FOR RUNII
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Insertable B-Layer

« One major addition: the Insertable B-Layer (IBL)
— New innermost tracking detector, 3.3 cm from the beam

— Required a new smaller beampipe to fit
— Significantly improves tracking performance
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Pixels { R=108.5mm
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IBL Commissioning

« Already fully operational
* Improved impact parameter resolution
« Expect ~4x improvement in light-flavor rejection

.E.400:... - S— = EGOO"””' : — -
= 350 z_ 3€L<Ans< grzellmmal’y o Data 2012, Vs =8 TeV —i E 500 - 3'(7)7-::< (I;’rzellmmafy © Data2012,Vs=8TeV
°° 3008 ' e Data2015,Vs=13TeV 5  n° - ' * Data2015,Vs=13TeV
@) - 4 o) - -
250F- 3 400E E
- - — —— —
200F —o - 300 E
1501 ; E 200" - =
100 —* —o— — - —— N ]
E T —— E 100[ T T /]
T e e | L
N T — e & I
Q 08 ——— 1 Q 08 . -
B 0.6 :.-—o—+_°_ 7] > 0.6ke—eo—= —e - . - >
CS\I 4x10™ 1 2 3 4 5678910 20 é 4x107 1 2 3 4 5678910 20
p, [GeV] p, [GeV]
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Other upgrades

Infrastructure

 New beampipe

* Improvements to magnet and cryo system
Detector consolidation

 Muon chamber completion and repairs

« Improved readout for 100 kHz L1 rate

* Repair of various systems, new pixel services, new lumi
detectors, new MBTS

Software and reconstruction

* New analysis model, event data model, production
workflow

« Improved tracking code, grid software, monitoring.
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Trigger upgrades and commissioning

 LHC beams collide currently in ATLAS every 25 ns (40 MHz)
« Data can be written out only up to ~ 3 GB/s (~ 1k events/s)
« Trigger system and architecture updated to cope with data rate

« Trigger turn-on curves well understood

> [ T T T T T T T T T T T T T T T T ] c>)q : LN L L R L R B N N L L L L N N N ML B I L B B B R I :
8 - ATLAS Preliminar is=13Tev [ Ldt=84.6 b - S 1_2_—+ HLT_j60 data - HLT_j150 data — HLT_j360 data —
) L y - =o%oph S ~ ' HLT_j60 simulation —} HLT_j150 simulation —}— HLT_j360 simulation-
O - Z — uu, nl >1.05 . w 1— o e X
= 1 it ] C - i
Lu I *‘*MW C - 7]
i %,’_...‘.w..._._. o000 o 4 s »—Q—_ 08__ - - ]
+ - ]
: * : 0.6~ + —
0.5 ] 0.4 - * W
+ C = — ATLAS Preliminary 7
i ¢ L1MU15 7 - Vs =13 TeV ]
- +  HLT mu20_iloose_L1MU15 or mu50 0.2~ g Leicosn’ 1
N with respect to L1 . B 2 = f o ]
L e L L L L L L L L 1 | 1 0 1 = i S i s s s s B M T‘“l"""l* PR ST NN S WY ST A AR

0O 20 40 60 80 100 0 100 200 300 400 500
P, [GeV] Leading offline jet p_[GeV]

 New topological L1 trigger, new central trigger processor, Tile-muon
coincidence, restructured high-level trigger, Fast TracK trigger
(FTK), Improved L1 Calo.
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INITIAL RUN Il RESULTS
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Dataset used for summer 2015

| ! ! |

- - T T T T T T T ]

8 300 ATLAS Online Luminosity ~ s=13Tev - § [T T
2> 250 " [ LHC Delivered 1 = -~ ATLAS Online Luminosity 2015, /s=13 TeV
0 — - Q u N
Q - [ ] ATLAS Recorded 1 > 50 @ 50ns: <u>=20 —
E 500F  Total Delivered: 224 pb” 8 aF B 25ns:qu>=17 4
; [ Total Recorded: 195 pb 1 E - ;
- - : L -
O - - — - .
s 150 4 v S E
g F 1 2 L f E
= 100[- = - ]
© - : C ]
= 50__ - B " -
~ - " hn it Lo 1

: | ] %5 10 15 20 25 30 35 40 45 50
29/05 26/06 26/07 26/08 Mean Number of Interactions per Crossing

Day in 2015

« 195 pb™' recorded (inlcuding 25ns + 50ns bunch spacing)
» Average Pileup around 20 interactions/crossing
— Special low pileup sample also collected (u < 0.05, 15 nb™)
« Early mini-scan (x 60) in June to determine Luminosity scale
— Current preliminary uncertainty oL/L: £9%
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“Only” 200 pb-1?

 Re-commission detector and establish performance
* Measure high cross-section SM processes
« Search for high-mass final states exploiting parton

luminosities at Vs = 13 TeV

100 f—r—r—r—rr

13TeV/8TeV,7 TeV/8TeV

44
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MSTW2008NLO
0.1 “as

L ratios of LHC parton luminosities:
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stop pair (0.7 TeV)
gluino pair (1.5 TeV)
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)

QBH (6 TeV |

13 TeV / 8 TeV inclusive pp cross-section ratio
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4.0
7-"—‘ 8.4
| J 46
Ej:”o
| : ) 56

1370
: - 9000

1 10 100 1000 10000

Run 1 limits surpassed after few fb-! of luminosity collected at Run 2.
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Inelastic pp Cross-Section

ATLAS-CONF-2015-038

« Using low-pileup data set (u < 0.05)
« Analysis w/ new MBTS scintillators (2.1 < |n| < 3.9)
* Result dominated by luminosity uncertainty

Fiducial cross-section: 4.2M events selected in 63 ub-’

65.2 + 0.8 (exp) + 5.9 (lum) mb Estimated 1% background
— [ I L L | I 1 L L | I I L I I LI
E 110 E_ ® ATLAS (MBTS, extrap.) —— Ppythia 8 =
E 100 ;_ : .?;t:;ALFA ----- Block & Halzen 2011 -
T e e © QOE- A  ALICE (extrap.) - -- EPOSLHC =
ATLAS Preliminary \s =13 TeV, 63 pb " 6 LHCb (extrap.) QGSUET =
80F O Auger (Glauber extrap.) —
Data | P | " e pp (non-LHC) [ ] Achilii et al. =
Pythia8 DL £=0.06 ° 70 ;_ O pp =
Pythia8 DL £=0.085 ° 60 f_ _f
Pythia8 DL £=0.10 [ ] E E
. 50 —
Pythia8 A2 [ J - . . .
EPOS LHC ° 40 T Preliminar )4 -
QGSJET-I ° 2 i ]
| | | | ) | | | | | ) | ) ) ) ) | ) ) ) ) | 30 ATLAS MBTS data extrapolated using Pythia implementation of Donnachie-Landshoff model with & = 0.085 for do/d& _:
55 60 65 70 75 / | N -

Ginel(g>-I 0-6) [mb] 1 02 1 03 1 04

\s [GeV]
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Inelastic pp event properties

 Triggered by MBTS (¢ > 99%) in low-pileup data
+ Unfolded distributions

 Uncertainties from tracking efficiency, unfolding
« Adequate modeling from Pythia and EPOS

 Validates pileup modeling for early analysis N(13TeV)/IN(8TeV) ~ 1.2

5 L I N R I A ‘T ET T T T T T g o 4_||||| T LI I ]
§ 'En,=1,p >500MeV,|n|<25 3 10°E Nn > 1, pp >500MeV, [n]<25 = ! - AData P >500 MeV, ng, 21 1
- - ATLAS Preliminary \s =13 TeV O  10g ATLAS Preliminary \s = 13 TeV = & = PYTHIAS A2 T 3
= 107'g 4 = 3 — - .y >
Z 107 : g F % = 3.5 —-PYTHIAsMonash ~ ATLAS Preliminary 4
. J B0 N E © [ HERWIG++ UE-EE5 X

2 =N 2 S 100F z T~ b EPOS LHC /'/
""""" 107 E E o T - Sl
10_3 2 % 1074; j; 2 3__ QGSJET II-04 "/ \'o __
410°F = © - ]
107* 3 . Q 10°° %_ == Data _% q>) B Q ]
E — PYTHIAG A2 - 1 T.107F —PYTHIABA2 = = 2.5 B
10°L —: PYTHIA 8 Monash = 1 P s —PYTHIA8 Monash 3 = C ]
= HERWIG++ UE-EE5 @=L 3 S gep HERWIG++ UE-EE5 E — - i
Eoe EPOS LHC = e EPOS LHC R~ - 7
10°5 -~ QGSJET Il-04 S 107°F -~ QGSJET II-04 g o —
E N 10—1%_ ﬁ; - N
] - X 1 1.5*‘ e B ]
5 = 3 - ]
] E by b © — _
o 15 | s 1.5f 1
g g8 C ]
¢ = C :
0-5; - S 1 1_‘\1\"“‘i““‘l\m\;\ | ! ! L 1

20 40 60 80 100 120 140 ] 10 10° 10

Nen pT [GeV]

Also underlying event studies: A7L-PHYS-PUB-2015-019
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W/Z Cross-Section

ATLAS-CONF-2015-039

> >—<193' L = > 8>_<'1'0'3|""| """""""" I L I I
& 8o W—ev — G °E -eData Zsutuw E
o - ATLAS Preliminary 5 -£ [CIMC Stat. ® Syst. Unc. ~ ATLAS Preliminary 5
@ o5l ¥ _- L E Ozoww ) 4 .
3 = 13 TeV, 85 pb . E— s [ Diboson .. 13TeV,85pb E
c C -o-Data : E CZ-tt ]
w — [JMC Stat. ® Syst. Unc.— 50 [@Top i
- [JW—ev 7 = 3
C Il Multijet = 4F- =
C BEW-tv ] - .
C [ Top n 3:— B
=  [Z-tt ] - ]
C \ 7 2:— =
- E 1E -
. ob Z 0 .
S g 1.2
o c I
& S 034 N
D L L L 1 L
70 80 90 100 110
My, [GeV]
 Isolatedeorp
Number of Background
— pT1~> 25 GeV events
e W bosons W->ev 463,063 11%
: W->uv 487,090 13%
— Ef™Mss > 25 GeV, mt > 50 GeV
Z->ee 34,955 0.7%
« Z bosons Z->pp 44,899 0.7%

— Opp. charge, 66 < m(ll) < 116 GeV

Luis R Flores Castillo XV Mexican Workshop on Particles and Fields November 3, 2011



W/Z Cross-Section

— - @/O ATLAS/CMSW—olv  sarass W (pp) = ol eeenen .
'g [ m/O ATLAS/CMS W' Ty —_ W (pp) 'g B ; QLI'SAS ZIH :: :;v*:pp;
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Currently dominated by
lumi uncertainty
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Was 1.54 at 8 TeV, reduced
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ATLAS-CONF-2015-041
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Top Cross-Section

* Dilepton selection 520 T AT A pratiminary

— Isolated e & y, pt > 25 GeV S 180 \s=13TeV, 78 pb™ -

— One or 2 b-jets %128: . Daa20ts -

« Extract b-tag yield and cross-section i 120k u 0 f Powheg:PY

simultaneously 1005 B Zujets 3

« Syst. dominated by Luminosity 80F B Mis-ID lepton

60 =

Ni = Lo €2l - Coep) + NXE o :

1 = Tii Cey-fb( - Cpep) + | 20 3

N> = Loy fepcbsz + N;_*g 040 60 80 100 120 140 160 180 200

Electron P, [GeV]

« 450¢ | | \ |
— ) o - ATLAS Preliminary e Data 2015

€ = 52.7 £ 2.6 (stat) £ 0.6 (syst) % S4005 (S o Tev, 7807 Ly powhegsPY

MC expectation: 54.3 % 350 Wi .

ﬁ I Z+jets ]

300= 1 Diboson =

Event counts Ny Ny o50E. mm Mis-ID lepton J

Data 319 167 - ]
Wt single top 29.04+£3.8 5.6+2.0
Dibosons 1.14+£0.2 0.0+0.0
Z(— 17 — ep)tjets | 1.3+£0.7  0.1£0.1
Misidentified leptons | 6.0+ 3.9 2.8+2.9

Total background 37.3+55 8535
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Top Cross-Section

e} ]

- * ‘l _ _ _1 [ [
Qo 3 ® ATLAS dilepton* \s=13TeV, L =78 pb ATLAS Pre||m|nary
S 10” E~ m ATLAS dilepton \s =8 TeV, L =20.3 fb™ -
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Resonant Di-jet Search

Resonance search
Jet trigger, dijet selection
— ly1-y2| < 1.2,
reduces QCD dijets
— m;>1.2TeV
Data-driven background fits

— f(Z) =
of (1 _Z)p2 7zP3 + p4 log(z)

— z=m;/ s
‘Bumphunter’ to find most
significant local excess

Uncertainty dominated
by jet energy scale

No significant excess found
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ATLAS

EXPERIMENT

Event: 531676916
2015-08-22 04:20:10 CEST

mjj = 5.2 TeV |
Jetpr:2.5,2.4,0.3 TeV -
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Run: 276731
Event: 876578955
2015-08-22 07:43:18

oL .
m; = 6.9 TeV
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ATLAS-CONF-2015-042

Di-jet Search Results

Resonance search

Non-resonant search

3 1 0 E\l 1 1 ) l I 1 I Ll I ) ] 1 1 I Ll Ll T Ll I 1 1 ; E 1 02 E T I LI L I L B | |-1l I T l T I E
S PN ATLAS Preliminary § & ¢ Vs =13 TeV, 80 pb :
x F\- /s=13 TeV, 80 pb™’ 1 % - — — BlackMax —e— Observed 95% CL -
ly*l < 0.6
°©  qE AR A =% 10F- - .QBH e Expected 95% CL —=
- AN ] - 3
- N i ; | Expected =10 -
L e i _\ ‘.. -
0k | N NG Expected +20 _
: \ : E N\ E
- ] - N s .
1072}~ QBH N\ =  10'F mew =
- —— Observed 95% CL upper limit \ . E - m;>34TeV ~ N =
e Expected 95% CL upper limit " : 8 |yﬂ| <17,ly ] <1.1 AN s R
[ W68% and 95% bands o] - - S i
sl ! l | \I\ 2 AT’TAS Preliminary ! N e !
1073 5 6 7 8 10°"%55 "6 65 7 75 8
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Sensitive to strong gravity models
Compare to quantum BH production at threshold (ADD scenario, n = 6, Mp = M)

Threshold mass limit (QBH): mth > 6.8 TeV @ 95% CL
Run1 limit: mth > 5.7 TeV
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Preparations for Higher Luminosity

Ji

I-lepton spectrum

Events

ATLAS Preliminary ¢ Data
\s=13TeV, 78 pb™ 2y
Dilepton Search Selection D v

- Top Quarks
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Multi-Jet & W+Jets

Not Included

SUSY |+jets control region
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Summer2015-13TeV
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2015 data, so far

[ T | T T T I T T T I T T T I T T T
- ATLAS Online Luminosity  /s=13TeV

- [ LHC Delivered
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70E- ATLAS Online Luminosity 2015, ys=13 TeV
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! 1 | 1 1 1 i T — -~ —‘ﬁﬁ‘—i L N '
30/09 02/11 0 5 10 15 20 25 30 35 40 45 50

Day in 2015 Mean Number of Interactions per Crossing

(up to September 22, 2015)

3.62 fb™! recorded 2015 (mainly 25ns bunch spacing)
Full sample processed and available for analysis
Many analyses under way

Expected for Run Il (until 2018) : ~ 100 fb-1
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Outlook

* Rich set of recent results from Run |
— SM and Higgs boson properties measured
— Extensive NP searches
— No new physics observed yet

 ATLAS is working well at 13TeV
— Upgraded components have been commissioned
— Performance already close to (or exceeding) Run1

 Initial measurements and searches with early data
— SM processes from inclusive pp to ttbar cross-section
— Many measurements limited by luminosity uncertainty
— First competitive searches at 13TeV
— Nothing found yet, but a lot of data in the pipeline already
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» Paris Sphicas

Run Il has started; Run |l is on

« We’ll soon be crossing the “few fb—' at 13 TeV” mark

Peak lumi Days proton  Approx. int

E34 cm2s- physics lumi [fb]
2015 ~0.5 65 3
2016 1.2 160 30
2017 1.5 160 36
2018 1.5 160 36
00 - _ wsaorg 3fb1t@13 TeV
ratios cl)f LHC parton luminosities: 13 1I'eV /8 TeV /’ 6 ; i : ' [
Bl e
p gg Lol : S A
o 5 :
ﬁ g S S S A I Ay I
z sl
2 2 7
g % o1 Do : -
= : ~ | Cross-over at
2 [1=1.820TeV
L— .1(l)0 . - .1.0l00 — 00 0145 I1 11.5 2 21.5 I3 3{5 :1
MX (GeV) 2 TeV| 3 TeV system mass [TeV] for 8.00 TeV, 20.00 fb!

Aug 31-Sep 5, 2015 LHCP2015



COnStraintS tO the pMSSM arXiv:1508.06608

«  MSSM has over 100 parameters to describe sparticles and masses Generate 19 pMSSM parameters within the

. ranges.
. Phenomenological MSSM, (pMSSM) ~ 19 parameters under the Parameter  Min value Max value Note
assumptlons that mg (=mg,) 90 GeV 4TeV  Left-handed slepton (first two gens.) mass
me, (= me,) 90 GeV 4TeV  Right-handed slepton (first two gens.) mass
— R-parity conserved- LSP is stable, the neutralino and sparticles ., 90 GeV 4TV Left-handed stau doublet mass
d d . . me, 90 GeV 4TeV  Right-handed stau mass
are pro ucedin palrs mg, (=mg,) 200 GeV 4TeV  Left-handed squark (first two gens.) mass
_ Mlnlmal ﬂavor V|O|at|0n Wlth Nno new source Of CP V|O|at|0n ma, (= ma,) 200 GeV 4TeV  Right-handed up-type squark (first two gens.) mass
mg (=my,) 200 GeV 4TeV  Right-handed down-type squark (first two gens.) mass
— Degenerate 1St and 2nd generatlon Squarks and Sleptons mg, 100 GeV 4TeV  Left-handed squark (third gen.) mass
. i My 100 GeV 4TeV  Right-handed top squark mass
o Re'|nterpret 22 ATLAS Run 1 results N pMSSM mg 100 GeV 4TeV  Right-handed bottom squark mass
| M| 0GeV 4TeV  Bino mass parameter
| M| 70 GeV 4TeV  Wino mass parameter
. . I 80GeV 4TeV  Bilinear Higgs mass parameter
ATLAS PMSSM: ¥, LSP 1 1000 ATLAS PMSSM: 7 LSP 1 M; 200 GeV 4TeV  Gluino mass parameter
E | \s=8TeV, 20310 " | z 3 [ s8Tev, 2031 I % |4 0GeV 8TV Trilinear top coupling
E] E - .
= 1000 ~ 9 11405.7875 S = g a2 -0 11405.7875 S | Ap| 0GeV 4TeV  Trilinear bottom coupling
W 9~ aq, [ ] 83 W 800 92 - i [ ] 085 |A;| 0GeV 4TeV  Trilinear 7 lepton coupling
E é E [ é My 100 GeV 4TeV  Pseudoscalar Higgs boson mass
: § 600_“ 0'650 tan 3 1 60 Ratio of the Higgs vacuum expectation values
L -— u -
5] L S . . . ..
500 45 400f 045 Constraints: considerations of precision EW and
8 r 8 flavour results, dark matter relic density, and other
. 200 0.2 .
i ollider measurements
500 1000 1500 2000 ° 1000 Parameter Minimum value Maximum value
m(g) [GeV] m(G) [GeV] Ap —0.0005 0.0017
ATLAS pMSSM: z:’ LSP ATLAS PMSSM: z:’ LSP Alg—2), —17.7 x 10710 43.8 x 10710
— 800777 1 © = 80 T T T T 1 - _ _
3 [ 1s=8TeV,203 b ~-T, - Wby g S 1s=8TeV,20.3fb" g BR(b = 57) 2.69 x 10~* 3.87x 107
; P —1 —>tx~': -1 - bff'i? 0_83 L —— m*[1409.6064] 0_83 BR(B, = ptu) 1.6 x 1079 4.2 x 107°
600F o e0r 2 BR(B* — mtu,) 66 x 106 161 x 106
[ 068 068 Qoh? 0.1208
400 2 i 2 i? — :
r o 42 “or E Cinvisible(susy) (Z) — 2 MeV
[ ' '% [ ' ‘% Masses of charged sparticles 100 GeV —
Y © ~
200 02T 20 I m(xE) 103 GeV —
[ i ’n’L(?’ll’z7 CZLQ7 51’27 5172) 200 GeV —
600 800  1000° % 200 m(h) 124 GeV 128 GeV
m(t) [GeV] m(A) [GeV]
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Long-lived SUSY particles

« Constraints on the gluino R-hadron are set

— R-hadrons formed from long-lived coloured sparticle (squark
or gluino) and SM quarks and gluons

g R-hadron — g/qq )2? ;my° =100 GeV Status: June 2015
%' 2000 B Displaced vertices arXiv:1504.05162 - 0= = Expected limits C I t t t f
O, | —®— Jets+EF'™  ankiv:1405.7675,ATLAS-CONF-2014-037 Observed limits ompiementary sensitivity rrom
B e o et eswoLimis oz minowsed | different searches relying on:
S L Stopped gluino arXivi1310.6534 184203 b, 1s=8 TeV > t ted
,‘_3 1600 — ATLAS Preliminary reconstructe
E - S displaced vertex
G 1400 —; L : > high ionization in
) Lo
~ o0ol oG - tracker
C S > timing measurement in
1000 |- : Lo muon and calorimeters
800 = ! “ L —......| From dE/dx study:
‘E§ 1 1 i _e=- 2
B0 T T i ®| Gluino R-hadron with 10ns lifetime
LU -2| ||||||Ii1| (AR | I;IIIIII !I I!IIIIII 2| LI 3I (AR 4| 11 and masses up to 1185 Gev
10 10 1 ;103 3 10 10 10 luded
(r for n=0, By=1) Beampipe ilnner DetectoriCan MS T [ns] are excluded.
L IIIIII| | IIIIIII| | I:IIIIIIl | IIIIIII|: | II:IIIII | IIIIIII| 1 IIIIIII| | IIIIIII| |
10°  10% 10" 1 10 102 10° 10
ct [m]
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Long-lived particle summary

ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 fL dt = (18.4 - 20.3) ol \/_ -8TeV
Model Signature [z atiro™"] Lifetime limi Reference SUSY
RPV x9 — eev/euv/uuv  displaced lepton pair ~ 20.3 m(g) =13TeV, m(x?) = 1.0 TeV 1504.05162 a n d
GGM Y - ZG displaced vix + jets  20.3 m(g) = 1.1 TeV, m(x?) = 1.0 TeV 1504.05162
.
o AVSSmpoxirlrixi  dewpesngiack 203 |} letme . omaom (i) = 450 GeV 1610.3675 Exotic
)
B AMSBpp o xilxix;  large pixel dE/dx 18.4 | XE lifetime . 13190m m(x;) = 450 GeV 1506.05332 S e a rC h e S
GMSB non-pointing or delayed y  20.3 xﬂ lifetime _ SPS8 with A = 200 TeV 1409.5542
Hidden Valley H — m,m, 2low-EMF trackless jets  20.3 |  lifetime . 041757Tm m(m,) =25 GeV 1501.04020
g
=  HiddenValley H »mm,  2ID/MSvertices 195 | lifetime P oaissam () = 25 Gev 1504.03634
[
o
"é FRVZH - 2y, + X 2 e—, u—, n—jets 20.3 4 lifetime _ H = 2y4 + X, m(yq4) = 400 MeV 1409.0746
T FRVZH 4y +X 2 e, u—, n—jets 20.3 | ya lifetime _ H — 4y4 4+ X, m(yg) = 400 MeV 1409.0746
0| Hidden Valley H — mym, 2 low-EMF trackless jets  20.3 | , lifetime . o06s50m m(n,) = 25 GeV 1501.04020
)
il
& HddenVally Ho oy 2IDMSvertices 195 | my lfetime . o4318im miz,) =25 GeV 1504.03634
_§ FRVZ H — 4y4 + X 2 e—, y—, n—jets 20.3 |y lifetime © 28160mm H = 4yy + X, m(y4) = 400 MeV 1409.0746
T
=~ Hidden Valley ® — 7,7, 2 low-EMF tracklessjets 20.3 | m lifetime . 0279m oxBR = 1 pb, m(x,) = 50 GeV 1501.04020
88
S § Hidden Valley ® — .7, 2 ID/MS vertices 195 | =, lifetime eIl o <BR = 1 pb, m(m,) = 50 GeV 1504.03634
®
> Hidden Valley ® — m,r, 2 low-EMF trackless jets 20.3 ny lifetime oxBR = 1 pb, m(r,) = 50 GeV 1501.04020
§ 3 Hidden Valley ® — mymy 2 ID/MS vertices 19.5 x, lifetime oxBR = 1 pb, m(n,) = 50 GeV 1504.03634
L HVZ/(TeV) > avg 2 ID/MS vertices 203 | =, lifetime oxBR = 1 pb, m(m,) = 50 GeV 1504.03634
[}
£
S HVZ'(2TeV) - qaq 2 ID/MS vertices 203 |, lifetime oxBR = 1 pb, m(,) = 50 GeV 1504.03634
0.01 0.1 1 10 100 cT [m]

*Only a selection of the available lifetime limits on new states is shown.

Various scenarios are considered, but no signal yet
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Resonances decaying to VV, with V—jets?

| n
| 4 4
>1OEIIIIVIVIIVIVIIIVIIIIYIIE 10 L LS AN N R S E S S B B L B S
Major new tool: jet ;v ———w v
N ### Background mode i —_ 1
S 10° Vs=8TeV,203 " 5 TeVEGMW, c = 1 ] S 10°Ek-Vs=8TeV,2031b #22 Background model _
substructure s E soTveanwil 3 S T
£ — 25TeVEGMW.c=1 3 £ 4¢? 2.0 TeV Buk Gy, kil = 1
2 0 —— Significance (stat) i —— Significance (stat)
o 04 8TeV w Il Significance (stat + syst) g w 10 Il Significance (stat + syst)
S . CMs — - q/g MADGRAPH+PYTHIA :
8 i Simulation — t—Wb > agb 10 WZ - 1
e Hobb 3
g 0-3_* o HoWW* S 4q 1 - 107"
._é = W - qq E
< Z-aqq ] 1072
| 107"
107
g 3 8
& 2 &
g J s
z 0 z
o -1 o
» -2 ®
) Sk 15 2 25 3 35
Gl A h [Tev]
% 50 100 150 200 M
Jet mass m (GeV) . F . .
m To the innocent slide reader: large overlap in events...
19.7 b’ (8 TeV)
% 120_ T | 1T I L | T T I L I 1T l_
O i CMS ’ Data ] g 4 T T T T T T T T § " T T T T T T T T
2 10of W« ] = 107 ATLAS —e—oObserved95% CL 3 = 10°= ATLAS —e— Observed 95% CL =
[ i N E : E E E
“ [ B W 1vysiets 2 F Vs=8TeV, 203" - Expected 95% CL 3 § F Vs=8TeV, 203" e Expected 95% CL ]
3 80L B otess ; 10° 3 D * lo uncertainty 317 10° E |:| * ‘lo uncertainty E
L E 3 » E 3
60 F T C [ +20 unceirtainty 1 0% C ]+ 20 uncertainty ]
: @ 10?7 T € 100
- x 3 —— EGMW', c=1 3 & 3 —— Bulk Gog kM, = 1
40 F o =L X ey
: ; q ey, ~ -
20F 1 10 3 o* 10 3 3
i & - T E 3
© 4L g b 4
g’ 15 H 3 1 2 E
=~ 1 =% """'* ‘+ """"" ‘+’ ""'+’""""' —1_|||||I‘||||||I|||||||I||||||||||| 71_:|||||||| U S TN N T T T [N N TN S (NN S TN S NN SN SO T N T 1 ]
5 * b AR AR + 0779376 18 2 22 24 26 28 3 073776 18 2 22 24 26 28_ 3
Q osf A my, [TeV] Me,, [TeV]

PR PRSI YIS U SRR SR S "
140 160 180 200 220 240 260 !
M., [GeV] W'—-WZ GB—>WW
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Turning fast to leptonic modes...

L=19.7f"at (=8 TeV M L=19.7f"" =8 TeV
% rprrrprrrprrrprrr e e e /€V+ DSC?ASIIIIIl]llll[llll]llalvgllle 1.C.s ....:...9.=?t!§.8.e
3 ATLAS —4— Data ¢ . . —— ' .
3 is=8TeV, [ Ldt=203 1" = WiZsjets . CMS Data (ev HP) Wejets Freauentist CL, .
= B tt+single top ire) . ist CL t10 =
2 W v +21large-R jet B Multijet , .ww1wz .ﬁ o — R FrequentistCL_ expecied £ 20 -
o 102 Diboson 10 R —
> 4 Oy XBR(G,, —WW), kil =05 |} |
w 7722 Uncertainty % DSinglet Uncenainty g 107 g o XBRG, W k=02 [
G*(1200 GeV) O ™ Sl
- - W(1200 Ge' O ENma -
( V) S Tx
B 3
~ E=]
c
10" Q o]
: w
i 2
571-5 _é_"l"'|"'["'?‘|"'l—§-' TR0 ©
R 7 / /// 10°
8 OB L L YT : : : ey S
o 800 1000 1200 1400 1600 1800 2000 2200 2400 PRSI TS T [T L
m. [GeV] 1000 1500 2000 2500 3000 800 1000 1500 2000 2500
vJ WW [GeV] MG [GeV]
= -1 =
S grroU0o T cMS L=19.7f6" at (s=8TeV 1 CMS  L=197f"at (s=8Tev
g Amas —e— Data ”‘IlIo”éMls;J'tl(IAP)HHlI”' 1 I
g L (s=8TeV [0 Z+jets /e/é J ata (up | - -
2 1g [Ldt=203m" E éfgzinwm + fo Background estimation 3 . CL observed .
] E  Merged Region s Sys+Sgtat UnFc):enaimy 9 [ zZ+ets 7 = P Frequentist CL expected: 1o a
o [ Z~ ee nuChannel mm G, m=14(:% cgev ] @ Other Backgrounds (ff, W) ] Q] Frequentst CL_ expected + 20 .
10 3 Snominal X 10 E 1 S Gyue Mo = 1TeV, ki, = 0.5 (x100) < 10" b= Ory X BR(G,, > 22). kil =05 | |
-25 3 %’ 30 § N 6, XBRG, , =722 kiM, =02 |i]
10 = 3 ] T
c 3 = 0 E 3
3 o
10°E 2 £ ] o
c 5 1 & 10°
C 2 _
104 w 10 E %
o .F ] 2
e g E_ 10° E ©
© = = 3
'(6 1 :__ ___________ ] 10
o E N P R Y i i I i I M
% 500 1000 1500 2000 S 2500 500 1500 2000 2500 600 1000 1500 2000 2500
m, e
w [GeV] m,, [GeV] M, [GeV]
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Long-range Correlations

« High-multiplicity events show long-range correlations
at A® ~ 0 (near-side ridge)
« Dedicated MBTS + high multiplicity trigger in low-pileup data
« Tracks with pr> 0.4 GeV |n| < 2.5
« Strength consistent with 7 TeV CMS data

| B(A@)dAS
Y{Ag) = (”r e ]C(A )
- o> Eore
ATLAS Preliminary 0.5<pT’ <5.0 GeV
\S=1 3 TeV’ Li =14 nb_1 N rec>1 20 = — T T T T T T T T T I T T -
Data 2015 ~ o DNew2 > ATLAS Preliminary ~ 1.0<p*°<2.0 GeV
“ | \S=lo lev, L =14N0 " 2 0<|An|<5.0
Data 2015 +
<§ 1.02 K e ATLAS
< 0.02— o CMS (7TeV) -
O \ i 4 |
0.98 p—
B g i
4 i ——
0-0—0—?—0—0—0—_9__._ —
| | | 1 | |
0 50 100
y 4 ; CMS data scaled by 3.6 to N L?]C
r. opilnuvas N\V IVICAILAIll VVUIl o VM VI ULUVIvOD ULl 1 IO, . .
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Inclusive 15t and 2" squark and gluino

squark and glui;?o pair production in the simplified models

Inclusive searches of squarks and gluinos with final states:
+ High p; jets + MET + with or without leptons or b-jets
Exclusion limits are set on various SUSY models

+ Simplified models (R-parity+LSP stable), mSUGRA/
CMSSM, bRPV, mGMSB, nGM, NUHMG, mUED

Squark-gluino-neutralino model

O-lepton+ 2-6 jets+MET

2800 Fr— T T 1113 Formassless neutralino,
S.0600 - TomE)-00eV B imtixton) 3 ower limit for squark ]
3 - — m(i )=0 GeV Obs. limit (£1 O-theory)_ . . {/i -0
g2400 :_ ——-m(j'() =395 GeV Exp. limit _: and gIUIno is at 1650 T~ X1
< - —_ m(;z“’):ses GeV Obs. limit 3 GeV. p L Wt
g 2200 ] - m(3,)=695 GeV Exp. limit = q
a = . =—m()=695 GeV Obs. mit MSUGRA/CMSSM: tan(B) = 30, A =-2m,,u >0
2000 g 1 o 0
C ] 7TeV (.70 m(if):() GeV Obs. ] ;‘ 100071 T 1 [T T T T r T T [ T T 1T J T T T T T T T
1800 - - ) C 7 T -1 _ All limits at 95% CL. ]
C 3 O L LsSP \ T 3
— —] —_ - \ = = Expected (+10,,.) 7]
1600 S = 8 900 A TLAS \ = Observed (+1 Glhef:/) —
1400 - E'- - Expected  (0+1)-lepton combination 7
- ATLAS 3 — Observed ]
1200 ; — - ---Expected  0-lepton + 7-10 jets + Em'ss -
= I Ldt=20.31b", \s=8 TeV - 800— — Observed —
1000 — : — C - - - Expected miss
C O-lepton, 2-6jets ] - A _ozzt:veed 0/1-lepton + 3 b-jets + E .
800t v v v L v b b e - ---Expected  Taus + jets + E™ =
800 1000 1200 1400 1600 1800 2000 2200 2400 700 - — Observed T . ]
Gluino mass [GeV] L ---Expected  SS/3L + jets + E""Ss -
— —— Observed —
2-lepton+jets+MET arXiv:1503.03290 600 /N N\ ~~Dpected {-depton (hard) + 7 jets + 77
%14_\H\‘KH‘\H‘VH‘\HPH‘H‘H‘\“‘\\ > v[vv\‘vlv[v\\‘lvv‘H||\H‘Hv‘uwlvw‘\: : ......
Ez ATLAS %gla‘ndard Model § 12~ATLAS %‘S’f’;ﬁdam Model ; —
o 121 s_8Tev, 203" %;ah\guéascykmze::s ‘1 [ s=8Tev,203f" [ Flavour Symmetic | 500 -
£ o[- Shzee m@w(vogzt;jn)eev £ 10-SRZ o] :
14 o m(G)41=(900,600)GeV S I e M(G)1=(900,600)GeV ] -
: fe17 * -
Iy O .o ] 400—
300 1 1 | 1 1 1 1 ]
0 1000 2000 3000 4000 5000 6000
s A b % 7
82 84 86 88 90 92 '82 84 86 88 90 92 94 % 98 100 (o) 1 m, [GeV
ooV s @ 95% CL. gluino mass < 1280 GeV excluded o [GeV]
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Multi-jet Search

- Non-resonant search FVETT T CRTT T T T VR SR
- - s
+ Hr trigger (0.85 TeV) ° [ % ATLAS  Preliminary
2 10° "-‘o-..'
* Njet 2 3, p1 > 50 GeV s .. det 74 pb’
* Look for excess in 10° e, ~ 13 TeV ;
Hr =) pr (jets) "o n,et =3 .
 Data-driven background 10 a ’ E
fits in control region (CR) eI 3 Fi. ]
. . . 1 s e Fx)=p (1x) N \. ....... —
« Check in validation (VR) o S S5
—_—— i =p (1) " S S e
° 1 . fix =p°1-x; 142" N I
Compared to events in o T e ,,’(j_,,l‘:,,,l-.u N

e e 1000 = p (1% ™ N
~N

* Rejected in validation region

e

signal region (SR)

llllllllllllllllllllllllllllllllllllllll
L] T T J T T 14 T

|IIV1|Ill'll [ /

—

. ¢ o :
N LOOOW a ;N
| ! ! ! | !

(data - fity/a,,,,

[
o

'
-

O lllllllllIWllIlllII[|']lI|IWII
(&)

15 2 25 3 35 r a5 5 '
H, [TeV]

No significant excess found

Hr=5.2 TeV
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Multi-jet search results ATLAS-CONF-2015-043

CHARYBDISZ Rotatlng black holes n= 6

------- ATLAS Vs =8 TeV

10
% = ATLAS Prellmlnary 95% CL exclu5|on 3
t'c 9.5 {s=13TeV - Expected (n_ 23)
= ok p — Observed (n 23) -
:det=74pb B:io ]
8.5 " +20 _:

7.5
7E E
6.5( —
BF= E
S8y =553 85 4 45 5
M, [TeV]

Sensitive to many strong-gravity models
Limits set for thermal black hole model (Charybdis2)
Improvement over Run1 limit
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Non-resonant Di-jet Search

/s =13 TeV, 80 pb’ ATLAS Preliminary

. S e Dat —— SM
Look for anomalies in shapes ~ ° QBH. M,=6.5TeV [ Theoretical uncert.
and rates at high mass [ Total uncertainties
. x=exp|y1-y2| IyI<1.7,I3'(BI<1.1' . | ]
— ~independent of 50.06 m;>3.4TeV 3
m12 for t-channel T 0.04F e =
LO QCD < 0.02F ¢ =
— |y1-yz| <3.4 (x <30) E | Y :<m <3.4:TeV§
lys| = |y1 + y2|/2 < 1.1 0.1F E
mjj > 2.5 TeV 0_05%= + | ¢ | _:
 Prediction from NLOJET++ = ' NN =
including EW effects 0.1§_+ 28<m; <3.1TeV4
» Systematics dominated by QCD - 4 -
- . 0.05 . =
prediction and jet energy scale e v —e
0.15_ 25<m; <238 TeV_i
005~ o _, . e -
No significant deviation found 3 5 3 4 5678 10 20 30
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