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Overview

* Brief intro fo LHC & ATLAS
The Standard Model in the post-Higgs world

What do we still (reasonably) hope to find?
Selected highlights from past year (or so)

® |. Trigger - LLWI 2014 - ATLAS

2014/2/17 @2



The Terascale: a Special Place

LHC is designed
to probe EWSB

scale around 100
GeV —few TeV
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The Large Hadron Collider

“hadrons” = p-p, p-Pb, Pb-Pb

Vs(pp): (main physics runs)
7 TeV in 2010-11

8 TeV in 2012

e 13 TeV+ from 2015

Vs =2.76 TeV Pb-Pb in 2011
Vs =5 TeV p-Pb in 2013

® |. Trigger - LLWI 2014 - ATLAS 2014/2/17 @ 4
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The ATLAS Detector

Central tracking to |n|<2.5, calorimetry to |n|<4.9

2T solenoid; toroids with [ Bdl=1—-7.5Tm

100 M channels, 7000t, 10y construction

—
o\ i

Tile calorimeters

» LAr hadronic end-cap and
forward calorimeters

Pixel detector

LAr electromagnetic calorimeters

LAr EM E-resolution:

o/E ~ 10%/VE

ID p; resolution:

o/py ~ 3.8x10* p; (GeV) ® ,
0.0t e
muon p; resolution

<10%upto E,~1TeV

HCAL E-resolution: Muon chambers Solenoid magnet | Transition radiation fracker
o/E ~ 50%/VE @ 0.03

Toroid magnets
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rimetry to |n|<4.9

struction

0161 ATLAS Preliminary 4 +

C\Ns=7TeV, | Ldt=4.91b"
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ATLAS-CONF-2012-091
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The ATLAS Detector

4 mm n-strips in
| first ECal layer
| allow good y

\ pomtlng

Tile calorimeters

’ LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Transifion radiation tracker
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Triggers & Physics Objects

Lowest 2012 Threshold ) )
Unprescaled (GeV) « Stable ’rrlgger menu in 2012
Trigger o rather constant peak lumi
Inclusive 24  Avg 2012 rate ~550 Hz
Inclusive e 24 o Prompt physics ~400 Hz
2u 13,13 or 18,8 o "“Delayed” streams ~150 Hz
o Peak Level-1 rate ~70kHz

2e 12,12 o Peak Output ~1 kHz
2T 29,20
2 Y 20/20 600 A Jets/missing E_(delayed)

miss B-physics (delayed)
ET 80 E zzz Minimum Bias
Inclusive jet 360 (170 for 3j, 80 € sl Electrons/photons

for 4j, 45 for 6;...) § 200 Jetsftaus/missing E,

... hundreds more 1 Muons/B-physics
with combos & Al June | August  October December

prescales...
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ATLAS Physics Results

« Publications:

o Full ATLAS publication list available at:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Publications

o Last few months: — working to complete analyses with full Run 1 dataset ASAP
and prepare for Run 2!

« At LLWI14;

o 11 more talks and 3 posters

300 ATLASSme'tted P.a.',)e,r,s ,,,,,,,,, ~ ATLAS - Papers/Lead-group ATLAS Public ConfNotes
oo ATLAS

600 T T
! ! 273 | ATLAS: 277 oo ATLAS | |

ATLAS: 546

3 sTom I HIGG 3 HION
3 EXOT 3 ToPQ [ BPHY
B susy 3 PERF
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Phys. Rev. Left 111, 152301 (2013)

Heavy Ion Results

ATLAS-CONF-2013-105
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0.2 * JEATLAS Preliminary ¢ .
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T T T T T T T T T T
v;t| s = - 0.016£0.002 vy =0.032+0.002
0.034 L 5-10% ] L° 10 - 20 % ]
ATLAS
0.032 1r
J T
Ldt=0.14nb"
0.03 T 1 [ anti-k, R=0.2
Pb+Pb|s,, =2.76 TeV 60 < p_< 80 GeV
0.028 PR S ST  T WU NN SO SO S S | NI T. | I T T T N TR S SR |
- L L L | T T T
> © v ..=0042+0002{}0 v}7| =0.041%0.002
O 0034 20 - 30 % | 30 - 40 % ]
o032 L
=3
o %'_ 0.03 | .
-2
< 0028 1 1 I MR I 1
L L L L L L
v}¥| _ =0.034+0.003 v}¥| __=0.02740.004
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0.032
0.03 5 ¢
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0 0.5 1 Ad 150 0.5 1 Ad 1.5

Azimuthal angle dependence of inclusive
jet yields in Pb-Pb for 6 centrality ranges
(curves are fits); v,j®t measures single jet
suppression as function of A¢

® |. Trigger - LLWI 2014 - ATLAS
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P, [GeV] px cosh(y*) [GeV]

pPb: jet suppression enhanced in central collisions

Mechanism seems E.

jet

-dependent

SAILAS

= Z=Dee
candidate
in Pb-Pb
(m,.=104
GeV)
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The Final Piece in the Standard Model

i i FERMIONS BOSONS
h MATTER FORCE CARRIERS

QUARKS GAUGE BOSONS

LEPTONS HIGGS BOSON

H
A%
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Standard Model Highlights

 LHC allows wealth of precision measurements on W,

/, top that have never been possible before
o after selections: 100M W= (v, 10M Z=> ([, 400k tt=» (X, hundreds of H(125)

* Probe perturbative QCD at electroweak scale

« Measure electroweak processes at electroweak
scale

 Standard Model / QCD results at LLWI14:

o Zdenek Hubacek Recent QCD results from ATLAS

o Rodger Mantifel Measurements of vector bosons plus jet productions with
the ATLAS detector

o Stefano Camarda ATLAS tunes of Pythia8 and Powheg and PDF sensitivity
of prompt photon and di-jet measurements (Poster)

® |. Trigger - LLWI 2014 - ATLAS 2014/2/17 @12



Gtotal [pb]
2,

10°

0 (H125.5) ~ 15 pb

10
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ATLAS Standard Model Results

ATLAS Prellmlnary

= 35 pb s z f
- SE— LHC pp Vs = 7 TeV'
B 35pb" Theory
3 : ' ' o Data (L =0.035 - 4.6 fb)
B LHC pp \s =8 TeV
= : : mm Theory
- . 58t * Data(L=5.8-20fb"
- e Y ;
= toft i —F—
: : ; 20 fb™

= 4.6 fb™! : :
= : . 21fb! L m —w
- 4.6 fo

w z o4 ot bww owz oowt Tozz
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Vector bosons in association with jets: example Z+jets

] 6
& | ATLAS ' Zh (o ) + jets Ij -9& 10 ATII_AS | Zl/v*(—> l+l'|)+iets (|=Ie,u) |
E 107 a4’ aln(t|>k ]etseR )}o 4< = 3 10° Ldt=46fb" ~@~ Data 2011 (\s =7 TeV
§ j E._ gaaotf 2(:/1 1| (;\% PG47!:T§V) m % 10* anti-k, jets, R = 0.4 I gh;iiﬁ
10° I+ jets ( ) + el
w E E 12':,{) +}ets (SHERPA) ? ::\ ‘o pl '>30 GeV, Iy |<4.4 — & MC@NLO
10°e —‘_Lm o Hieetroweak E T ~¥— BLACKHAT + SHERPA
= . E— 10 ——
10 = N
E 5 10 —
10°E g:
107 -
10_5 | | | | 7
% 10k —IO— ALPIGEN I. SHéRPA . |
O - e e T —t— e "'." I :
S R g i
= | | | | | | 1 -
S0 =1 32 33 34 355 36 37 o !
- O ]
fet < 06| | | | | | |
) . o 14 moapGEN | | / /_
« W/Z+jets probes perturbative QCDg 2
e : S z‘*—*#{‘%%ﬁ%%ﬁ‘ 4{44/: Z %
« Exquisite test of NLO (in pQCD) 2 ¢ /
. . g g 14 —;IA—SHERPA ' l
fixed-order predictions & LO ME + § =  stss,
~ 1 i‘—"
PS MC Q o8- B e v Z
0.6 | | I I | | | /A
>0 > >2 >3 >4 5 6 >/
JHEPO07(2013)032 N,
Also: W+b: JHEP 06 (2013) 084, W+c — see R.Mantifel talk
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Electroweak production of dijets in
association with a Z boson

Challenging measurement,

{

calculation also challenging

(inferference)

Closely related to Higgs VBF l

production

Sensitive to TGCs (time-like
momentum transfer, completely

different form factors from the

diboson space-like
measurements)

Inclusive Zjj production in
“search” region fit to extract
5 0 observation of electroweak
Zj] fiducial cross section: .
o 0=54.7+4.6(stat) 78, ,(syst) £1.5(lumi) fb F '
O O oo, =46.110.2(stat) *03, ,(scale)+0.8(PDF)

0.4 . (model) fb

® |. Trigger - LLWI 2014 - ATLAS

arXiv:1401.7610 . nose
w-
ut, e
q/
= =L L L L e
8 £ e - Data (2012) ]
—lo 4 0-3 % Sherpa Zjj (QCD + EW) -
—— - - Sherpa Zjj (QCD) 3
# Powheg Zjj (QCD + EW) ]
10 - - Powheg Zjj (QCD) —
—— 3
10° - E
| ATLAS
107E [Lat-2031"
£ 1s=8TeV
- search region
L[ == N T R S R
« E -
g % 1 '2"_ N N\ N l&\ \\5
0.8F - " =
o =
g
gla
a

“500 1000

See R.Mantifel talk for details

5500 3000
m, [GeV]
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Diboson and TGC measurements: Wy and Zy production

> C T T T T T _
3 0.5 ATLAS det=4_6fb-1,‘s=7TeV [oatazorn « Test MC predictions for QCD at EW scale
Qg e sivy, E'>40 GeV,N_ >0 ~O- SHERPA 3 «  Measure WW ¥ gauge couplings, limitson ZZ v,
b 0‘4—_ J —— ALPGEN ] Z ')/ ‘}/ e‘I-C.
- - ]
M - e oM 1« Also search for narrow W v, Z ¥ resonances
g 03__ [ — & ® ]
© - T e A ]
A 02:— —: ATLAS -+ ATLAS, \s =7 TeV === DO (Wy).\s = 1.96 TeV ATLAS wwe ATLAS,1s=7TeV ===CDF,1s=196TeV
L ] PPy 46", A=co 421", A=2TeV pp =y, pp—>Vviy 46107, A=co 511", A=15TeV
C T 95% CL ATLAS, \s =7 TeV === DO (WW,WZWy),\s = 1.96 TeV 95% CL ATLAS,\s=7TeV == DO,\s=1.96TeV
0.1 — — — 461", A=6TeV 861" A=2TeV 4617, A=3TeV 7.2fb", A=1.5TeV
o ] © LEP
- — Ay -2 T T T T T \ T
0' T 1 1 1 e ] fousiens t et
> 1.8 , , | , , M S hé et
898 iyt N
o o B N R B & LY & - i
N . , 1 . . : ) . e
. Y G| e ———————————
50 100 150 200 300 4(\)N0 1000
my [GeV] 06 04 02 0 02 04 06 “0.001 0 0.001
Coupling Strength Coupling Strength
5
Ly, =—ie (W WrA W4 W)
t v t VA
-- FRW W F* +%WM WhF
w S v 1
+xkWIw Fr+——w! weE™ | . 2.1)
v LYTRAARY . .
}, ’ M, Similar results for
U Here A" and W* are the photon and W ™ fields, respec- L. JHEPO03(2013)128
tively, W,,=3,W,—d,W,, F,=8,4,-9,4, and WW: Phys. Rev. D 87, 112001 (2013)
F,,=1€,,,F" . eis the charge of the proton, and My

WZ: Eur. Phys. J. C (2012) 72:2173

represents the W-boson mass.
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Dijet, inclusive jets and inclusive photons

arXiv:1312.3524

—

o
.
o

— - T 1
> - ° y* <05 (x10° )3
() JE ATLAS O 05<y*<1.0 (x10° )3
t 107 B 10<y*<15 (><10i2)——
o) — o 0 15<y*<2.0 (x10° )7
a N s A 20<y*<25 (x1073
10° e A 25<y*<3.0 (x10"%7

x - o Co, =
T, 10F S0y, s =
‘g 102E Tag eoeoe A— -
il gy -

© ~ [Lat=45m" Tay ) 3
R S = [ ] —0— _
O 107F \s=7Tev e, -
- S = { ] ]

10°® il anti-k, jets, R=0.4 E’EE — ]

L Systematic -ﬁ-_‘_ =] ]

101 uncertainties == B =

— =A= =

= NLOJET++ == = = —

10 CT10, u=p_exp(0.3 ") == =

L Non-pert. & EW corr. —

A7 ==

10 C | | L] | ! | L1
3x10" 1 2 3 4567

my, [TeV]

arXiv:1311.1440

>
[0}
9] . —e— Data 2011 \s=7 TeV
g J- Ldt= 4.61b —— PYTHIA (MRST 2007 LO*)
?E 1l 7 HERWIG (MRST 2007 LO*)
o NLO (Jetphox) CT10
B 101 E== Total uncertainty
©

= —— Scale uncertainty
----- NLO (Jetphox) MSTW2008nlo

.......

Theory/Data

5001000
E} [GeV]

100 200 300 400 500 600 700 _ 800

Double-differential dijet and inclusive photon measurements
(dijet mass and rapidity separation) compared to NLO MC

predictions

Sensitive 1o different PDFs
® |. Trigger - LLWI 2014 - ATLAS

See Z.Hubacek talk for details
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Flavour Physics Highlights

%5‘2-5;— S - Production of charmonium with W
JE o Semmmemay . probes QCD at perturbative / non-
e N 1 perturbative boundary
Iy I ivgae e Can distinguish colour-octet,
£ o1 T colour-singlet production

| |+ Sensitive to double-parton

Fiducial Inclusive DPS-subtracted SCatterlng (W, J/l.p from dlﬁerent
interactions)
« Complementary to LHCb, B-factories

e B-physics talks at LLWI14:
o Dongliang Zhang Study of the /1, decay properties with the ATLAS experiment
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Top results
« Top quarks at LLWI14:

o Tom McCarthy Precision measurements of the top quark with the ATLAS detector
5/

Ieptomdidate \\ hadrcénc;c (]
— candidate @

Electron /
leptonic top
candidate T

Vo k
40 N
7 ‘.
// - ‘ 3
' JU EXPERIMENT
- Run Number: 166658, Event Number: 34533931
d-date Date: 2010-10-11 23:57:42 CEST

topZeandi
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Inclusive tt cross section [pb]

Top pair production

| T T I T T T T I T T ] T I T T
—¥ Tevatron combination L = 8.8 5"

B ATLAS dilepton L = 0.7 fo”

O CMS dilepton L = 2.3 fio"

B ATLAS lepton+jets L = 0.7 fo''

—0 CMS lepton+jets L = 2.3 b

* TOPLHCWG combination L = 1.1 fo”'

i TOPLHCWG

| ® ATLAS dilepton L = 20.3 fb"
O CMS dilepton L = 2.4 "
—® ATLAS lepton+jets L =5.8fo'

—i
o
[\b)

L L B B B
ATLAS+CMS Preliminary

O CMS lepton+jets L= 280"

200

—_
o

= NNLO+NNLL (pp)

=—— NNLO+NNLL (pp) 100
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

L rpmﬂ 3 1?2p (|3‘e|v’ |PE|)F@ (Ixslunloelrtaq'ntjesl acl:ccl)rdl'ng tOl P|D|:|4L|’H9 Ll

2 3 4 5 6 7 8

9

\s [TeV]
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ATLAS-CONF-2013-097

 New dilepton
(e i) result with
20.3 fbo' at 8 TeV
has 4.8%

uncertainty

o Dominated by
luminosity & beam
energy

« Consistent with

QCD @ NNLO
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Top Quark Mass

ATLAS-CONF-2013-102 (ATLAS/CMS combo)

ATLAS Preliminary m.__summary - Oct. 2013,L. =35pb"'- 4.7 fb
top y int P

2010, lepton+jets* )

CONF-2011-033, L =35 pb” ; 169.3 £ 4.0 t 4.9
2011, lepton+jets RO 1745 + 0.6 + 0.4 + 2.3
Eur. Phys. J. C72 (2012) 2046, L = 1.04 fio!

2011, all jets* . ) .

CONF-2012-030, L =205 fb" i N * 1749 £ 21 + 3.8
2011, dilepton* , 3.1
CONF-2012-082, L, =47 fb'! N 1752 + 1.6 = 2.8
2011, lepton-jets™ - 172.31+ 0.23+0.27+ 0.67 + 1.35
CONF-2013-046, L, =47 fb!

. ©
2011, dilepton” it 173.09 + 0.64 +1.50
2013077, Ly =47 (stat) (JSF) (bJSF) (syst)

LHC Comb. Sept. 2013 (coNF-2013-102) _

173.29 % 0.23,, £ 0.92 sropsrosyst stat. uncertainty .
Tevatron Comb. May 2013 (arxiv:1305.3929) f;ta;i fn‘iiﬁjn?y‘]s': uncertainty
| 175,20 0'5I7smr- s07 7JSFI‘s.vsr l l *Preliminary, “Input comb. |

I I |
155 160 165 170 175 180 185 190 195

Migp [GeV]

Total uncertainty of 0.95 GeV — or 0.5% — most precisely measured quark mass
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-]

single top-quark cross-section ¢ [pb]

o |
~

102

10

Single Top (electroweak top production)

R

I I I | I I I
“ ATLAS Preliminary
_ single top-quark production

<4

T — NLO+NNLL atm, = 172.5 GeV
MSTW2008 NNLO PDF

| stat. uncertainty

s-channel

$t-channel 1.04 fb™' pLB 717 (2012) 330
3t-channel 5.8 fb™' ATLAS-CONF-2012-132

EWt 2.054b™" pLB 716 (2012) 142

ATLAS-CONF-2013-100

12 Sep 2013
hannal |
Cl 1Tl

g

Wit _ =

©

T — T
;a//T{'AS Preliminary
t single top summary

12 Sep 2013

_ NLO+NNLL atm, = 172.5 GeV
MSTW2008 NNLO PDF

| stat. uncertainty
| total uncertainty
A Wt 2.05 b pLB 716 (2012) 142 —
\l Wt 20.3 fb ATLASVCONF-12013V100 ]

B 10 12 4
\s [Te

E_ T Wt 20.3 fb HATLAS-CONF-2013-100 _§
~ Y s-channel 95% C.L. limit 0.7 p! ATLAS-CONF-2011-118 .
1 I 1 I 1 l 1 I 1 l 1 1 I 1 l 1
5 6 7 8 9 10 11 12—13 14
\s [TeV]

;{

=]

q q q q
E .
b t EXai] t
b
b
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b w

b t

\}_b_{

t
S

(8 %

¢ g(66 t
c

Full data set analysis
for Wt, s- and t-channel
updates still in
progress... stay tuned
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Higgs Boson Measurements (and searches)!

o Higgs Results at LLIWI14:
- Lidia Dell’Asta Search for the Higgs boson in fermionic channels using
the ATLAS detector (including u« x decay)
« Fangzhou Zhang Combined Measurements of the Mass and Coupling
Properties of the Higgs boson using the ATLAS Detector
« Haifeng Li Measurement of Properties of the Higgs boson in bosonic
channels using the ATLAS detector (including Z y decay)

« Nathan Readioff Search for Higgs boson decays to a photon and a Z
boson in pp collisions at sqrt(s) = 7 and 8 TeV with the ATLAS detector -

Poster
o BSM Higgs Results at LLWI14:

« Haleh Hadavand Beyond-the-Standard Model Higgs and invisible
Higgs decays using the ATLAS Experiment

— ) p
Run Number: 209109, Event Number: 86250372 E / A I LA ;

Date: 2012-08-24 07:59:04 UTC

2 EXPERIMENT
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Higgs Couplings, Spin and Parity

 Enough 7 v, ZZ and WW Higgs
candidates to measure properties!
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Events / bin

Higgs decay to fermions

« Strong evidence for Hto T © (multi-channel, BDTs):

o direct coupling to (“down-type”) fermions, to leptons

 Limitfson Hto u u, bb (associated production)...
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Search for Higgs decay to Zy

+ Loop decay, similarto v v

o Butrequiring ee or u ufinal state, o xBR only 5% of v r
o No expectation of being able to see SM signal with this dataset

« Search done in broader mass range, look for anomalies
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Events / 30 GeV

Data / Expected

Search for Invisible Higgs Decays

arXiv:1402.3244

« Look for ZH associated production
* InSM: ZH to Z(Z7*) to Z+4 v (too small to see)
 BSM models with WIMPs coupling to Higgs
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Implications of a 125-GeV Higgs Boson
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big, Higgs self-coupling
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g

M,~125 GeV: Requires new physics below Mp o Ut only
at ~10? GeV; possible all BSM physics beyond LHC reach?
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Expect “BSM” physics too

Quantum theory of Gravity

Quark/Lepton generations, masses
o = Compositenesse Substructure? Stringse
o = Common sub-elements quarks/leptonse

Maftter-Antimatter asymmetry
o CPVin SM (K,B) + Big bang:
« Not enough to explain observations
« Neutrinos last “SM” hope (given v mass=0)

Cosmological consTQn’r (dark energy ...)

o Higgs energy density = 10> GeV/cm? (could finesse)
o Observationally: <104GeV/cm?

Fine-Tuning of Higgs mass
o Particle loop corrections to M?y ~ A’

o If theory cut-off A ~ O(10¢ TeV) e.g. for m,~125 GeV:
« Fine tuning of m,, m,, ~ 1 : 10° (or more) needed

Dark Matter
o Seems to be O(few 100 GeV)

Slide adapted from Rob McPherson
UVic/IPP LLWI 2011
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Expect “BSM” physics too

Quantum theory of Gravity

Quark/Lepton generations, masses
o = Compositenesse Substructure? Stringse
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Expect “BSM” physics too

Quantum theory of Gravity
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Expect “BSM” physics too

Quantum theory of Gravity

Quark/Lepton generations, masses
o = Compositenesse Substructure? Stringse

o = Common sub-elements quarks/leptons? » Case strong
Maftter-Antimatter asymmetry
o CPVin SM (K,B) + Big bang: » Planck scale
« Not enough to explain observations Physics ??
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Cosmological cons’rcm’r (dark energy ...) » Case strong
o Higgs energy density = 10> GeV/cm? (could finesse)
o Observationally: <104GeV/cm3 » Scale?

Fine-Tuning of Higgs mass
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Roadmap: Beyond the SM

KA INBIRIS

Fine
tuning
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Roadmap: Beyond the SM

‘}Vle W3 (u)(c)(t) ¢ gq*
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Fine
tuning
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Roadmap: Beyond the SM
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Roadmap: Beyond the SM

@ W, WgJ ()(s)(t) l’?’, §§q:
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Higgs triplets, little Higgs
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Roadmap: Beyond the SM
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Higgs triplets, little Higgs
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Roadmap: Beyond the SM

W W, W u C t t 5 *
3 > d g b @@,\ br § q
, E— I

J(ETLE) | susy mavons

- > |:'> GMSB
h H H” (v) v, (v) AMSB
(RPV?)

h H A H
Higgs triplets, little Higgs

Technicolor
ExtraDimensions

|. Trigger - LLWI 2014 — ATLAS — adapted

from R. McPherson LLWI2011 2014/2/17 @38



Roadmap: Beyond the SM
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Roadmap: Beyond the SM
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Extended Higgs Sector Searches

 Invisible Higgs & Higgsto Zy, u u

o SM too small; if we actually saw a signal, BSM
 H*=>»cs (in top pairs)
« WW cascades (2HDM+)
) h A HY H

L4 r
(g
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r 4
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Multi-Higgs Cascades with WWbb

arXiv:1312.1956

(Data - SM) / SM
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o €.g. Supersymmetry
o Assuming several light Higgs bosons... ‘

»  Non-minimal Higgs sectors %%)_+_

« BDT analysis
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Search for light charged Higgs decaying to cs in
top-pair decays

. Eur. Phys. J. C, 73 6 (2013) 2465
« “Light™: mg,.<m,

« Assume all-hadronic decays of H*

o BR dependsontanf and my,
o Plugs smalltan 8 hole

o LEP limits: >75-91 GeV in all Type-ll
2HDM (depends on BR assumption)
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Supersymmetry Searches

 LHC Dream — new partner for every known one

« Squarks & Gluinos strongly produced, huge cross-section
if ight enough

« LSP as Dark Matter Candidate (if R-parity conserved)

« Rich Higgs sector (2HDM or more)

« BUT ... 125.5 GeV Higgs discovery and non-discovery of

squarks / gluinos so far strongly constrains, suggesting:
o “Natural” Supersymmetry (only light stop, x* x© gluino)
o ... " "Higgs-aware” benchmarks of old favourites (e.g. mMSUGRA)
o Orsneaky scenarios (split SUSY, RPV, long-lived (N)LSP....)

o Supersymmetry talks at LLIWI14.
o Pawel Klimek Recent results on searches for R-parity conserving
supersymmetry at the ATLAS experiment

o Adrian Chitan Searches for R-parity violating supersymmetry and long-lived
particles at the ATLAS experiment
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Strong-production Supersymmetry Searches
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Benchmark for “conventional” SUSY

MSUGRA/CMSSM: tan(B) = 30, A_ = -2my, > 0

Status: SUSY 2013
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LHC was really
hoping for:
o Light squarks /

gluinos, copiously
produced

Searches for jets
+ M5 (possibly
with leptons and
b-jets) set
powerful
constraints
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“Natural” SUSY: 3" generation focus

Summary of stop exclusion from various scenarios

ﬂi production

Status: SUSY 2013
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Electroweak SUSY production

ATLAS Preliminary Lim =20.3-20.7 fo”,1s=8 TeV Status: SUSY 2013
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Much more in talk )
. ATLAS—CON F-2013-036
from P.Klimek
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Long-lived LSP and R-Parity Violation

« Contemplating possibility SUSY
exists but does not solve all our
problems: RPV (weak
couplings not yet constrained
by FCNC), split-SUSY,
compressed scenarios

« Or does, butis well hidden:

Lol AMSB (near-degeneracy),

GMSB (with long-lived NLSP)...

) %1~ decaying into X’+"

15 =
- ] Badly mismeasured in p; due to a wrong
K combination of space-points
T P \ \
..................... ATLAS 7 S \ \ . High-p, charged hadron
o B \ interacting with ID material

\s =8 TeV, j Ldt=2031"

Lepton failing to satisfy
identification criteria due to

Observed 95% CL limit (+10, )
---- Expected 95% CL limit (+1o,,;)

1L '.'.
107 107 40 e ATLAS (1s =7 TeV, 4.7 fb”, EW prod.)

large bremsstrahlung or scattering

- "." ALEPH (Phys. Lett. B533 223 (2002))
Al | | ZZZ stable i; reconstructed track
100 150 200 250 300 350 400 450 500 550 600 true particle track

mif [GeV]
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“Exotic” Beyond-Standard-Model Searches

« Consider non-SUSY-specific extensions to SM

o €.g.exitra dimensions, compositeness
o Generic signatures

 Exofics talks at LLWI14:

o Wendy Taylor Searches for new phenomena with the ATLAS detector

o Camille Bélanger- Champagne Search for new phenomena in photon+jet
events collected in proton-proton collisions at sqrt(s) = 8 TeV with the

ATLAS detector — Poster

CATLAS

2 EXPERIMENT

dijet event with m.;=4040 GeV
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Dilepton resonance search

ATLAS-CONF-2013-017

@ 107 g ——————— - - o 10 ——————— - -
S . ATLAS Preliminary e Data 2012 S s ATLAS Preliminary e Data 2012
@ 10 Z' — ee Search EZ’Y' @ 10 Z' — pp Search Ozy
. tt :
10° Ldt=20fb" [Dijet & WiJets 10° ,[ Ldt =20 fo" Eg'b
" iboson
s=8TeV CJpiboson \s =8 TeV :
10* [ 12(1500 GeV) 10* %; :1500 gea
Z/(2500 GeV) (2500 Ge
10° - .o
10 10?
10 10
1 1
10 10"
102 | o 102
: 1.4 P g 14
3 "f 202%% 00 Setosts $+1+lll 5 "? etee it te St ah L|+ ll 1
u hadSR AR S 2 Bl i @ - it S e AT 30 S |
> 08 I h g 08 e + T +* &
2 os § 06 + 1l
g 100 200 300 400 1000 2000 3000 g 100 200 300 400 1000 2000 3000
Mee [GeV] m,, [GeV]

« Simple search, many interpretations
 SequentialSMZ',E6 7’ See talk from W. Taylor

. . for limits in several
Kaluza-Klein Graviton models
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Inclusive multilepton search

Look for events with more
than 2 energetic, isolated
leptons
Classify:

o Consistent with Z¢
o Presence of 7, 4¢

Compare to SM
background, measured
from control regions

Set 95% CL limits on visible
cross-section and on
specific models

Vis

d_ _ Nos _ Tos
9 €fia [ Ldt  €fid

ATLAS-CONF-2013-070
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0

.........................

>3 e/u ATLAS Preliminary —e— 2012 Data

off-Z \s=8TeV B VV(V)
3 _[Ldt =20.3fb" [ Reducible
10 (V)
%22 Syst. Unc.

Events / 20 GeV

% 50 700 150 200 250

ET™* [GeV]
ATLAS Preliminary \s=8 TeV « Observed ]
— Expected |
10° [Ldt =203 fo" mExprio 3
Expt2c ]
10 E
———
. ——
—
10" 2e/u+ 2t on-Z
10
1 —— — 3
=
t—
10" >3 e/u : off-Z 2elp+2t :offZ 3
Tnclusive =600 >1000  =1500 _Inclusive =600 1000  =1500
my [GeV] m; [GeV]
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High-threshold fraction in TRT

Search for Magnetic Monopoles

 Electrically neutral, magnetically charged!
o Bendinr-z (notr-®@) in the Inner Detector

Highly ionizing

O
o Drell-Yan-style production, e=>g 8, assume no Z-coupling
o Look like electrons (stop in LAr calorimeter)

fHT

e

0.8

0.6
- ATLAS

0_4__\]— =7TeV
: deT =2.01b"

0.2~ + Data2011

o Monopole MC

Cluster dispersion in ECal
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- ATLAS 1
800/~ Simulation .

600K N

500

400}

900 800 700 600 500 -400
P

Simulated TRT track in

R-® plane

Green=low threshold

Black=high threshold

Monopole cross section [fb]

10"

R B AN I
ATLAS ]
|~ Data2011 . Observed limit (DY)

-~ Jrdt=20" -
F \s=7TeV f
-

——— Observed limit in fiducial region ;

PR T I S NI S B
800 1000 1200 1400
m [GeV]

PRI ERR B
200 400 600

Fiducial: |n|<1.37,
(E{"M),.i<EX"sinB<1400 GeV
Where (E{<")...=600 GeV for
monopoles of mass 500-1500
GeV
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Searches for vector-like quarks

ATLAS-CONF-2013-060
ATLAS-CONF-2013-056

ATLAS-CONF-2013-051
ATLAS-CONF-2013-018

« Vector-like quarks decaying to
o Z+b/t, H+t, W+b, same-sign dileptons++E,™Mis

ATLAS Preliminary
\s=8TeV, _[ Ldt=14.31b"

TT - Wb+X, TT — Ht+X Combination

----- 95% CL expected exclusion

95% CL observed exclusion

e i
0502 04 06 08 0002 04 06 o8 % SU(2)doublet @ SU(2) singlet
1 1 1

m; = 450 GeV . BE =5 s m; = 500 GeV N m; = 550 GeV

0 G 1 c 1 kY 3
0 02 04 06 o8 00z 04 06 o8 1 00 02 04 06 08
1 1 =

=, . m, = 750 GeV Eé~ N m, =800GeV| [- m, = 850 GeV
0.8F =210 = o.8f O,

=Y =° % : ot

%, = %, i X,
06t 0.6} 0.6F%
04F= 0.4F 0.4f
[ ] [ ] [ [

0.2f 02f 0.2f

0.4 0.6 0.8

BR(T — Wb)
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Long-term Timeline for LHC

f 1
Com‘rﬁgggnmg ) 2015 2016 2017 2018 2019 2020 2021
o (61 Q21Q3/04|1Q1{Q2/Q3{Q4(Q1iQ21Q3/Q4|Q1i{Q2|Q3iQ4|Q1Q2iQ3/04|Q1{Q2iQ3{Q4|Q1{Q2|Q3iQ4
LHC
Injectors
2022 2023 2024 2025 2026 2027 2028
LHC
Injectors
2029 2030 2031 2032 2033 2034 2035
Q11Q21Q3iQ4|Q1:Q21Q3Q4]|Q1Q2i{Q3{Q4|Q1{Q2/Q3iQ4|Q1i{Q2{Q3/Q4|Q1:Q2{Q3Q4|Q1{Q2/Q3:{Q4
LHC
Injectors

« Run1:25fb! at7-8 TeV, up to 7x10% /cm?2/s

. Run 2: 2015-17 = 75-100 fo-' at 13 TeV, 1034 /cm?/s
. Run 3: 2020-2022 — ~300 fo! at 13-14 TeV, 2x1034 /cm?/s
e« HL-LHC - ~3000 fb! at 13-14 TeV, 5x1034 /cm?/s... 3-year runs with ~1-yr stops
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What the future may bring...

ATLAS Simulation Preliminary
's = 14 TeV: |Ldi=300 b ; [Ldt=3000 b

Houp

(comb.)

H—stt (VBF-like)

H— ZZ

(comb.)

H— WW (comb.)

H— Zy

(incl.)

H—yy

(comb.)

ATL-PUB-2013-014
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Summary and Conclusions

LHC Run 1 resoundingly accomplished primary
mission:
o Higgs boson found!

Detector and accelerator performance excellent!

LHC also provided unprecedented wealth of data:

o electroweak interaction at EWSB scale, perturbative QCD, top & heavy
flavour physics

Unfortunately, so far, no real smoking guns...

Still much to learn from this run, but great motivation
to look forward to ~13 TeV in 20138!
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Backups
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Events/ 10 GeV

Events / 10 GeV

Dark matter search in mono-W/Z

Tag “invisible” particles by producing them
with something else

Complementary to underground and
astronomical DM searches
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Top mass stability tests
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