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Motivation

e Standard Model of particle physics (SM) confirmed

Matter Force Carriers ! ' ' .
B o [ Gugebosons with great precision In many experiments

- Leptons D Higgs boson

even more complete with Higgs-discovery

theoryandpractice.org

Particles of the Standard Model

however, many unresolved questions

¢ Dark Energy (70%)
@ Dark Matter (DM) (25%)
7 visible matter/radiation (5%)

matter-antimatter asymmetry
hierarchy problem
dark matter/dark energy

one possible extension of SM providing solutions to some of the above: SUSY

not this talk, see talk by L. Ancu on Thursday

many other suggestions for ‘physics beyond the SM’" (BSM): “exotics”
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Exotics iIn ATLAS and in this talk

published results with 2012 data: 14 papers, |7 CONF notes

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

large variety of final states/observables/models

typical strategy:
consider some discriminant variable

search for excess above data-driven or MC based background
if no excess observed: set limits

in this talk: only subset of recent results

special focus on mono-X dark matter (DM) searches
will also flash some of the other results

general search

new heavy/excited quarks

new gauge bosons

contact interaction (Cl)

large extra dimensions/black holes
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ATLAS and LHC

- LHC has exceeded expectations

w
o

- _ - _ - ATLAS
. peak instantaneous luminosities of 8x1033cm s - [LHC Delivered Delvered: 228>
20~ [T]ATLAS Recorded Physics: 20.3 b

- currently shutdown to prepare for run-Il Il Good for Physics

|3-14TeV, 103*cm2s"!

-
(&)

2011,\s =7 TeV

-
o

Delivered: 5.46 fb™'
Recorded: 5.08 fb”'
Physics: 4.57 fb”

Total Integrated Luminosity [fo "]

- ATLAS one of 4 large experiments at the LHC

- general purpose detector, broad physics programme 0
3ot pot 3 ot gt ppt g\ oct
Month in Year

25m

LAr hadronic end-cap and
forward calorimeters

LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker

=
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General Search ATLAS-CONE-2014-006

. . o L L 20.3/fb
no particular model, looking for deviations from SM prediction in many distributions
~/00 event classes, categorised based on final states Oz Wit Woven Wews  Wensewrz W -
. . . W Z+iight jets ] W-Hlight jets .Z+b'jets .Wfb jets [ multijet W Higes (125 Gev) [ Wy [w+ry
can involve electrons, photons, muons, (b-)jets, Exm'ss Wor W B D Wik
B b arins poimnay | [Laesont ramey T

discriminants: mef, Miny, ET™S

Mefr. scalar pt sum of all objects including Exmiss
Minv: iNvariant mass of all objects excluding Ex™miss

algorithm searching for regions with largest deviations

20 o °

> T I T T T T l T T T T : T T I T T T T | T T T T | T T
8 4 . ATLAS  Preliminary, Channe| V2]2b i e Data2012 Q
pt 10 : : SM Monte Catlo 3
N J‘Ldt203fb\38TeV§ DATAO =;\ﬁ)b1§tss = I I I e B I
g 10" &5 L : : : BKG 33 +1.7 I W-light jets EE ATLAS Preliminary Ldt=20.31", Vs=8TeV
s '"1 . I pvalue 1e-01 | WEEE Z+iight jets | -
m 10 L i : : I ~ LDt -
1/,9/4 5 i I (] smgle top 3
ez Cthyv
10 W — > @ Dioson E
L — B Triboson ]
1 777, =
107 =

800 900
E™S [GeV]

1! ! l !
200 300 400 500 600 700

classes for which electron

no significant deviation observed .
or photon triggers are used

not as sensitive as optimised specific searches

but: comprehensive investigation
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New Heavy Quarks ATLAS-CONF-2014-036

vector-like quarks part of various non-SUSY natural models 20.3/fb

regulation of quadratic divergence of one-loop contributions to Higgs mass

here: TT—/Zt+X BB—/Zb+X

(also single production considered in conf note)

q.q
Z, H W~

select high pt (>150GeV) Z boson (from ee or yu) + (b-)jets Z, H, W*

two categories: exactly 2 or =3 leptons a.q
discriminants: m(Zb) or Hr(jet+leptons) (scalar pt sum) here: Q=T or Q=B
> 14_‘ UL DL B B B L L
s 14F i = 850
O CATLAS 16220310 e 2o . = 1 >
S 4ol Preliminary J s =8 TeV ;:L‘g:;m ] :% ATLAS Preliminary L dt=203fb" 800 8
g N Dilepton [N g N - Vs=8 TeV T 250 =
0 B ther bk B L =
< 101_ BB (ssogev) B o 08 Zbht + X =
I o I e = Dilep. + Trilep. [ &
- z2btags 4 0.6 Combination 650 o
or E 600 32
aF- - 0.4 550 o
L - ()
L - >
2 //& - . 500 &
l...!...!l..!.f.,./,/.’;%& - 408
2 15y ) Yy 400
s W / / % 350
5 0501 7 0O 02 04 06 08 1

0 200 400 600 800 1000 1200 1400 BR (T — Wb)
m(Zb) [GeV]
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- arxiv:1407.7494
New Gauge Bosons - Lepton+ETr™S*  ,ccepted by JHEP

| | 20.3/1fb
new gauge bosons predicted by many BSM scenarios .
g2 19 ATLAIS o W v | ° D;ta2612l
. ' GC) 107 — K ,
models for GUTs/solutions to hierarchy problem E g s -8 TeV WS Te
5 [Ldt=203f" [JWETeY)
10 %;v
select exactly one electron or muon 10° I Top quark
10 =fion
p1e>125GeV, p>45GeV 102 ultje
same cuts on Exmss 1‘1’
107 o
multi-jet background estimated from data T Jeeessccscccccsesegeny g -
(@] 0

discriminant: mt=+/2ptET™ss( [ -cosye)

a [T T rrrTT [ [ H
E ATLAS --e- NNLO theory -
b 1 0° —e— Observed limit 3
o N VA Expected limit -
95%CL limits | - Expecten it
myy [TeV] 10 3 Expected + 26 -
Decay | Exp. Obs. : 95% CL :
ev | 3.13 3.13 10
1% 297 297 N :
Both 3.17 3.24 1 =
E W —lv f
1o \s=8TeV, [ Ldt=20.3 b’ _
B ool oo oo bo v oo o v o v oo bv oo bov o B
500 1000 1500 2000 2500 3000 3500 4000
m,,. [GeV]
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http://arxiv.org/abs/1407.7494

arxiv:1405.4123

New Gauge Bosons - Dilepton accepted by PRD
20.3/fb
dilepton resonances predicted by many BSM scenarios ¢ 10g— e eomazorz
e.g. GUTs/solutions to hierarchy problem i IZ det - EE{;“;@L&%
(many considered in this paper) 1o lo=8Tey sy
2 central electrons, pt>40 (30) GeV i

' ' 10-1
or 2 opposite-sign muons, pt>25 GeV = s E
§ | Ulivevesssvensessantoorptonsotirbithd |' .
. . . . . . < o8 —
discriminant: dilepton invariant mass S StEo e — 1 g
128 GeV < my < 4500GeV - Mee [T€V]
o) AN B JLATE Y L N L
=3 ATLAS RS — Observed limit Z',, |
m s=8TeV N NN — Observed limitZ, |
. . . © - — Observed limit Z',
dijet and W+jets final states estimated from data 102 AR \Y — Observed Imit Z'
- N . SSM E
simulation normalised to data In Z-peak - N ;;;é,: -
o \\‘ tx\""Z* _
95%CL limits 107 A . E
Model | Width | Observed Limit | Expected Limit - i
[%] [TeV] [TeV] i ee:_[ Ldt=20.31b i
Zssm | 3.0 2.90 2.87 LM Ldt=2°|5fb1 ..., =%
Zi | 1.2 2.62 2.60 s s 2
Zl | 05 2.51 2.46
/A 3.4 2.85 2.82
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Contact Interaction (Cl)

search for non-resonant new phenomena in ee and py

p1¢'>40GeV, p1e2>30GeV

p#/2>25GeV

opposite sigh
my>80GeV

accommodate fermion compositeness by 4-fermion Cl
(similar to Fermi theory of f-decay)

discriminant: dilepton mass and dilepton decay angle

imits on Cl scale A (binding energy) for different chiral structures

constructive or destructive interference with DY (i , |

F

Fc
ODY — Ith,, + —

/\4

Otot —
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LL Const
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Data / Bkg

Events

arXiv:1407.2410
submitted to EPJC

20.5/fb

107 T | T T T T T T T l T
ATLAS ® Data 2012
10° . Dz
10° HAL j L dt=20.5b [JPhoton-Induced
s=8TeV B Top quarks
10* [Jpiboson
103 —A =14TeV
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08t f } 1 ' =
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1 08 -06 04 02 0 02 04 06 08 1
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ATLAS

N [l Top quarks ee: I L dt=20.3"fo"

[CJMulti-Jet & W+Jets

\s=8TeV

- Alp=14TeV
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http://arxiv.org/abs/1407.2410

arXiv:1405.4254

Extra Dimensions accepted by JHEP

possible solution to hierarchy problem

20.3/fb

often used benchmark model: ADD (Arkani-Hamed, Dimopoulos, Dvali)

propagation of gravitons in n spacial extra dimensions of size R

Mpi2 = Mp"*% R" => Mp could be inTeV range => black hole production at LHC energies

leptons+tijets search

>3 objects with pt>100GeV
> | lepton (eu)

production mass threshold Mu»>Mp

discriminant: scalar pt sum

104||||||||||||||||||||||||||||

> T ]
() E E
(O] = ATLAS '[ Ldt=203fb", Vs = 8TeV 3
8 B electron channel _
- 103 —=e— Data |
§2) = 7444444 Total Background E
5 = I W-+ets (Fitted SHERPA) .
T L [ Z/y*+ets (Fitted SHERPA) _
102 ™ t (Fitted POWHEG) ]
= [ Multi-jet (Fitted Matrix Method) 3
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- lF —
U= T
E 7 E‘IHE IS e E
"": éIIIF TR i
1071
D AT e e L R e 3
0\3 B I S S T o P i oty At o o oy A o RS _;
1 (A A VAN S A _:
% 0.8F - A //‘F{/V 7 ,{/ S/ _
() 06: - - KLY 5%/4///5. ...................... =
1000 1500 2000 2500 3000 3500 4000
Z p [GeV]
T

Ruth Pottgen

Non-rotating Black Holes, CHARYBDIS
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arXiv:1407.1376

D|J ets submitted to PRD
2. — , ) 20.3/fb
58 ATLAS QCD: smoothly falling dijet mass spectrum
o 8320, Vs=8 Tev,jL dt=20.3 fo’
£ 10’ o ,
5 . ’ many BSM models predict narrow resonances
s
b 10° . —
S0k e Data => search for bumps on top of smooth background
& 100 — Fit ’ .
b e g m=068TeV new trigger strategy
—-o-- g, m=2.0TeV . . .
10 g, m = 3.5 TeV , => reach extended to <[ TeV >? jets with pr>50GeV
1= ‘ | ‘ . 9=
2 j: oo S W_ wrt 201 | results ) leading jets in |1’||<28
. = m;>250GeV
; ‘ yH=112ly1-y2 <06
0.3 04 05 1 2 3 4 5 . .
Reconstructed m; [TeV] 2 example interpretations:
quantum black holes (QBH) in ADD LED excited quarks
_ — 102§l T |\,’\I T T I T T T |§ E‘ E l I I I I I I I ]* I I l I I I I I ] I I l é
n—é -.é - &=—= QBH, BlackMax gen. ] = 10355 === —
< Lol R QBH, QBH gen. h ‘)E "\ —e— Observed 95% CL upper limit
MD:mth é ? —e— Observed 95% CL upper limit § © 102;— N Expected 95% CL upper Iimit_; Compositeness
(threshold for 1 T Expected 95% CL upper limit _; . \\— 68% and 95% bands . of fermions
. s W 68% and 95% bands E 10 \ = . '
QBH production) N : : . = might explain SM
1 \ _ | .
107 \ [Lat=2031" ° i AN Jrat=2036" 3 family structure
15=8 TeV - At L 15=8 TeV -
10%¢ N 3 107 E
10%¢ \ R
- ATLAS \".., ﬁz 10'3;_ | 1 1 AN 3
10— X109 1 2 3 4 5
m, [GeV] mg. [TeV] @
R o N 19.82014 Aﬂ
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Mono-X Searches for Dark Matter

collider DM itself invisible to detector
M~ DM need something to ‘tag'/trigger on
directl ~
SM/ ™~ DM q et W.Z,y
indirect 7 unbalanced reconstructed object

=> missing transverse energy (Et™ss)

What is the ?

for Dirac-fermionic DM

assume: interaction mediated by a new particle

: Name | Initial state Type Operator
too heavy to be directly produced @QLHC - - :
D1 qq scalar %(1'3' XXqq
effective field theory approach L
. . D5 qq vector Tz XV XAV
(contact interaction) ‘
| | D8 qq axial-vector P}*- XYY XY " vq
suppression scale of effective theory: M«
D9 qq tensor A—};’{ o xqouwq
Mo ~ M I\/I:med@tor mass D11 90 scalar v (G, )2
' / g:: coupling to DM ~ (some representativé examples)
ExEsM gsm : coupling to SM /
gg-operator only for mono-jet
Ruth Pottgen IPA, London 19.8.2014 ﬁﬂ
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Mono-jet ATLAS-CONF-2012-147

. L , 10.5/fb
highest sensitivity to many of the operators due to large cross section
. update with full 2012
solely sensitive to gg-operator dataset in preparation
| Snjetsz
lepton veto

lead. jet pt>120GeV, n|<2.0
4 signal regions (SR1-SR4)
lead jet pt & Er™ss > [120, 220, 350, 500]GeV

no significant deviation from SM

;‘105 T L .' Idate;201|2 ' ! I% " [ T T 7T T T T T T T ]
5 = ATLAS Preliminary TollBG = % 1200 _ ATLAS Preliminary i
£ 10 Lat=10.5f" B Pi( i) — O, B -1 ]
2 S . | — “Nﬁg::igzrlision BG E x i /=8 TeV f Ldt=10.51b l
I Ns=8TeV C—2 Z(—1)+jets - = 1000 —
10 @ Dibosons = D = T
e  ER 4H9.. : BN - single top 3 = - N

2 e ADD n=2, M_=3 TeV (x5) 3 @©
it} 12 Lz, e D5 M=80Ge¥, M=670GeV (x5) &) -
o - agiin - === G+TG M =1TeV, M=10"eV (x5) g 2 800 ]
% i B qg E 8 ]
10 - T e, O A
] S 1
1 5 6007 | B

o
e e a i Operator D5, SR3, 90%CL ]
400 ~ === Expected limit (+ 1+ 20, ) -
o . - — Observed limit (= 10neory) -
S o5 L I not valid I .

200 400 600 800 1000 1200 102 1 03
ET [GeV]

WIMP mass m, [GeV]
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WIMP-nucleon cross section [ cm? ]

RN - - [N - - -
o 9 @ o 9o 9 Q9
A IS w» » » » »
—_ o [(e] [os] ~J » [4,]

A

TLAS

10° 10°
WIMP mass m, [ GeV ]

ATLAS

Mono-jet /leV

imits on M« can be translated into (upper) limits on WIMP-Nucleon scattering cross section

Monojet@7TeV
T T TTT T Ivgl |=|7|ITeV’ 4l'7 ;fb'.t'g'o'('y'OICL' — 4129 ATLlAsl T T TTT T ygl |:|7||Tev’ 4}7 Ifbl_l,lgl(l)(l)/IOCL
- —— SIMPLE 2011 —— D8: qq— j(xZ)Dirac_f 10 f— XENON100 2012 e D1 qg— j(xi)D‘ 1
W Pleasso 2012 —a—D9: GG j(T), ] O 1g®1L---- COMSIllow-energy _,  D5: oG () -
Lo qci_> J.()(X)Dirac 16 Dirac E‘ P CoGeNT 2010 - . L Rirac
S 433 --.. D5 CDF @@ jixn),, —— D11 990y, ]
8 R D5: CMS qq_) J(XI)D —1 Gtheory -
5 10_35 __ irac
w
w C
O L
o
c
o
R}
&)
>
g -
g .
.. ] 2 i
"""""""" o . ..., Spin-dependent = 10745} | .| Spin-independent ]

\s=7TeV, 4.7 b, 95%CL
T IIIIII| 1 T IIIIII| 3

- — = D5:qG— (X%)

XX — 99
—
c Q
NN

a »

T

—
g
N
(o)

—_
Q Q
NN
@®

-

Q
Ny
(o]

2 x ( Fermi-LAT dSphs (xx)

Majorana

Dirac

Thermal relic value]

=

-

Illll II| E

1 10

Annihilation rate <ov> for

Ruth Pottgen

10? 10°
WIMP mass m, [ GeV ]
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10° 10°
WIMP mass m, [ GeV

]

JHEP 04 (2013) 075

spin-dependent interaction:
collider competitive over
large mass region

spin-independent interaction:
collider competitive at small
masses

1 1 collider competitive at small masses

19.8.2014 @
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Mono-Photon PRL 110,011802 (2013)
4.6/fb, 7TeV

photon |n|<2,37, pT> | 50GeV Background source Prediction + (stat.) + (syst.)
| Z(—= vi) +~ 93 £16  +38
Ermiss > [ 50GeV Z)y* (= £HE~) +~ 0.4 +02 +01
W(— tv) +~ 24 +5 + 2
lepton veto, <1 jet W/Z + jets 18 - +6
Top 0.07 + 0.07 =+ 0.01
WW,WZ,ZZ,~v 0.3 +01 +01
~v-+jets and multi-jet 1.0 — + 0.5
Total background 137 + 18 +9
% El L I | L L L L I_.I_IDlatla2|0!I1I“|§|=7lT|e\ll)l T I L IE Events in data (4 6 fb—l) 116
O 102 ATLAS % ZvVpy - :
g JLdt 461" -szﬂyat Hi-jet, dibo &
B =4 I top, y+jet, multi-jet, diboson ] .. . e o o
2 10%““__1_ :&El)télp ﬁ%‘i’ﬁ%&e@"ﬁﬁme o no significant deviation from Standard Model prediction
T —— . . D5, m’=10 GeV, M= eV
1 —.— ............. L ———I =
G RS ————————3 10 E'90% CL, Spin Dependent ""£90% CL, Spin Independent ]
101 == o [T S.10#L = SIMPLE — Picasso L™ XENON100 — CDMS Y
t = c .F - CDF,D8 dl- (7). —GCoGeNT - CDF. DS, a1 J((7),,
_ (@) 10 = 1 Dirac e CMS (5fb ), D5, qq—) {(XX)D ’
10—2 4 -8 365 == CMS (5 fb™), D8, q0— Y(XX)Dirac —ATLAS, D5, q— Y(XZ)D. irac
4 = Q107 ---ATLAS, D1, q1- Y(x7), .
10_3 . £10-37_ \ / ..
PRI ST AT [T N T E — '38;_ - “_‘__/,,( ............
150 200 250 300 350 400 450 500 o10 B T ”
BT [GeV] o107
R (U NN
Z q04f .o
5 0 F = ATLAS, D8, - Y((D)py.
1042 ---- ATLAS, D9, 45— 7(x7),,__
. 10
update with full 2012 (g4E ATLAS \5=7 TeV,J. Ldt=46f"T e e
dataset IN preparatlon 10—45E| Lol Lol Co ol Tl Ll Lol Lol
1 10 10? 10° 1 10 107 10°
m, [GeV] m, [GeV]
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http://link.aps.org/doi/10.1103/PhysRevLett.110.011802
http://link.aps.org/doi/10.1103/PhysRevLett.110.011802

300

250

Events / 10 GeV

200

150

100

50

350~

Mono-W/Z (hadronic)

| fat jet (Cambridge-Aachen), R=1.2

jet pt > 150GeV, Er™ss >350, 500 GeV

lepton/y veto, < | AntiKt jet (R=0.4)

T
ATLAS 20.3 fb
SR: EI"™ > 350 GeV

— —
= |

!

IIIIIIIIIII
" Vs=8TeV

|
ik B
|

—— Dlata |
Z(vv)+jet
W/Z(e/u/t)+jet
Top

I Diboson

/////, uncertainty

— D5(u=d) x100

— = D5(u=-d) x1

%///////////////////;

constructive interference
for W emission If g,=-g4

=> mono-W dominant process

_I T T T TTTTI] T IIIIIII| T IIIIIII| __I T T T TTTTI] T IIIIIII| T T TTTTTT ]
a6l D5(u=-d):obs 90% CL | = D9:obs |
10™°F —+ D5(u=d):0bs D9: ATLAS 7TeV jX)
D5:ATLAS 7TeV j(x¥)
108
107

PRL 112,041802 (2014)
20.3/1fb

Process ET™ > 350 GeV | EF™ > 500 GeV
Z — v 402735, 5477,
W — (Fv, Z — 0507 2107129 2271
WW,WZ,2Z 57T 91717
tt, single t 3915° 3.711%
Total 70775, 8977,
Data 705 89

no significant deviation from Standard Model prediction

. . . _1 ]
=> |imits surpass mono-jet by COUPP 2412 ATLAS 203fb" Vs=8TeV
- 10 - cogeNT 20 T — SIMPLE 2011 -
3 orders of magnitude (for D5)  YENON100 203 1 —CcouPP2012 - - IceCube WW |
"— CDMS low-energy T — PICASSO 2012 IceCube bb
10'46| | L1 1111l | IIIIIII| | IIIIIII|3| | IIIIIII| | L1 11111 | | IIIIII|3
1 10 10° 10°1 10 10° 10
m, [GeV] m, [GeV]
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http://prl.aps.org/abstract/PRL/v112/i4/e041802
http://prl.aps.org/abstract/PRL/v112/i4/e041802

Mono-Z(£4)

8 20.3/fb
> 10
D WZ
5107 ™ Withjets ZZ 5w
o 1 06 mm WW/Top quark, Systematic Unc.
. . 0~ —— D1, M =0.050 TeV
2 opposite-sign electrons or muons L ZZyy max. y, M=0.7 TeV
@1 04 ------ n Mediator, mn=1 TeV, f=6
A@(pT! Ex™)>25, |n'I<2.5, (pt"-Er™=)/pr! < 0.5 £10° JL=20.3 ' 1s=8 TeV
10? m, =200 GeV
veto additional leptons or jets 10,777 e e i
1 | . fororns
SRIT-SR4: Ex™iss >[50, 250, 350, 450 GeV 10'; """"""""
10-— i | TR By P S Looovowoo by oy y
RE -
E 0 81 ;/ ////4% it { < ,’,////////////////////‘//////E//////‘///////////////////f
S 0.6E E
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sensitivity to coupling of DM to Z
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Mono-W(£4v)

arxiv:1407.7494

accepted by JHEP

20.3/fb

o 10°gT ; T T ‘ 5
y . S = ATLAS Preliminary W' —ev ® Data2012 =
final state of W’ search can also be interpreted o0k \s=8TeV Swiooo
' ' ' - -4 , 3
as mono-W signal for DM pair production 100 L = W
— -Z =
. . miss 10° & ETop quark
' = Dib 3
discriminant; Et o Soboson 3
e E
10 4
reminder: construtive or destructive e =] -
' =) 2
interference for D5 g b -
8 o5 -
0 2 3 .
(\'E| 1 O:z: 1 T TTTrTT ATLAIS rnlor:ojvlvlllelp’ DSCI T TT lll] = 1 LI 1 ll[ 1 IAITIL]Ajlg 19010/1 IC;LI ll
O 10 =t ATLAS mono-W lep, D5d 3 | °
= 107 --©-- ATLAS mono-Z lep, D5 A 20.3fb" \s=8TeV
o 1097 ATLAS mono-jet 7 TeV, D5 fod /
-'5 e ec—e e =" :_’-‘,’1/
ERPS _
» 10%
& . :
O 10  \-e .- spin-dependent
O
— 104 — .
i -42 -.---"“'":':'_'@_'_' ________ I
> 10 - - H--4
10% spin-independent — PICASSO 2012
- o smerets o
==l - mono- ad, D9 AL
-45[ - ==+ CoGeNT 2010 . ’ IlceCube W'W
1 0-46 X;NZN1 002012 ==FEJ== ATLAS mono-W/Z had, D5¢c ATLAS mono-jet 7 TeV, D9 IceCube bb
10 SuperCDMS 2014 = = A==  ATLAS mono-W/Z had, D5d = =©==- ATLAS mono-Z lep, D9 COUPP 2012
10-47 | 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 | IIIIIII | 1 IIIIIII 1 1 IIIIIII
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Beyond the EF [

merit of EFT:
only 2 parameters,
independent of detalls of UV completion,
directly comparable to (in)direct searches coupling to WIMPs

coupling to SM particles

however: validity of EFT questionable at LHC energies

minimal requirement: momentum transfer Qu < Mmed= f(gsm, gom, M),
+ couplings bounded from above

remove events that do not fulfill the above requirement

o e AL PHYS-PUB-2014-007

—> limits deteriorate G [ ATLAS Simulation Preliminary -
=

|

how much, depends on assumed coupling/operator

e.g. D5 fully valid wrt this requirement for

llllllllllllllll

<+ (gsm gpM)<4TT  ATL-PHYS-PUB-2014-007 0.4 '~ 50 Gev [ =201

miss IVl:alid M;XP

0.2 Ey ™ >400 GeV — ----

| " ET° > 600 GeV — ----

detalls depend on UV completion £ - 800 GOV — -

i 0 T R BRI B B
increases number of parameters 1 1.5 2 2.5 3

. . ' . ' 9 MgDM
natural next step: simplified model with a light mediator %

parameters: WIMP mass, mediator mass and width

2l
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mono-Z: scalar, coloured t-channel mediator

Simplified Models

mono-jet: vector s-channel mediator

ATL-PHYS-PUB-2014-007

rJ’J—JZ q ! X
| | [T T T T T T T L I I I I I LI | |
i : X ; i :n X Eg 3 Ef:gg:x’?mmedgn ATLAS Simulation Preliminary ]
0. q —, | Y= '+ =V med miss N
I A x - m,=400GeV,I'=M__,/3 \s=8TeV, E.7">400 GeV i
* Mg 7 I X Y]]\AM E 2 . 5 = mx=4OOGeV’ 1_‘=Mme: /8n JLdt:ZOqu =
- I v = \'L\_Z - 1 . E | 9,9, contours E
< ] < l B non-perturbative regime -
21 - - - EFT limits 05 A 7
;1200_~~.~--|---un,---.-.- PRD 90,012004 (2014) _ 150 E
® - : o) N ’
B 1100 = - S
- : S 1 &
£1000F P S A Ay
9002_ _i g 0 5:_ \\\\\\\\\\ \\§§§:
L s I 9 \
300; P o ;
700 = 32 0 N
- ¥ 4 —16 o 10"
600 3 4 =
500F- ¥ ATLAS 3 4 med [TV]
4001 : |L=203m" ss8Tev T, approaches EFT at
00/ : E high mediator masses
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200 100 200 300 400 500 600 700 800 900 1000 0
m, [GeV] resonant enhancement at
f=1/(g48) intermediate masses

lower limits from relic density

. . : coupling to quarks
=> upper left corner in conflict Sy BOUEING O

g, : coupling to WIMPs
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|4 TeV Prospects

simulation studies for [4TeV performed for some analyses, here two examples

mono-jet  ATL-PHYS-PUB-2014-007 di-lepton ATL-PHYS-PUB-2013-003

improvement by factor ~2 current [mits ~3TeV

E 3500:_  14Tev, 251t ATLAS Simulation Preliminary_:
. - — 8TeV, 20 b < | GonTom < 4 B C
= 3000¢ 5% syst : 95%CL limits in TeV
L C —a m,=50 GeV ] — — —
S 2500, 100 Gev = model 300fb="  1000fb~" 3000 fb~!
D n ’ ]
S 2000 - Zigy — e€e 6.5 7.2 7.8
(/)] - ]
2 15000 E Zggy — MU 6.4 7.1 7.6
o n .
B 10001 = -
: ] di-electron channel
500: ] o) 10 E T T [ T T T [ T T T [ T T T [ T T 1 ?
— ] o = . -
: . lcr_J' 1 ;_ f|_ dt = 3000fb™ --s-- Expected limit —;.
ok ‘ o = o [ Expected= 1o =
400 600 800 o' ATLAS Preliminary Expected= 20 ]
E; " threshold [GeV] = (Simulation) _ 3
: - 102 E
30005_ ® 3000f"  ATLAS Simulation Preliminary 7 05 s =14 TeV B
- 300 ﬂ.'1)—1 mX=4OOGeV n< \/gSMgDM <4 : = 3
- A - . - -
2500 v 510" s=14TeV = 10™
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Astroparticle Forum

founded April 2012

forum for discussion of astroparticle physics related issues

exchange between ATLAS and astroparticle physics experiments and theorists
invites speakers from other experiments/theorists

iInput welcome and appreciated

provide guidance to ATLAS groups for astrophysics related interpretation/analyses

ATLAS impact for astrophysics and vice versa

example topics:
dark matter, EFT validity - covered in this talk

constraints on hadronic interaction models for comparisons to air shower data

contact:
david.berge@cern.ch stephane.willocq@cern.ch onofrio@cern.ch
heidi.sandaker@cern.ch tobias.golling@yale.edu Jamie.boyd@cern.ch
Ruth Pottgen IPA, London 19.8.2014 @
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Summary

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
ATLAS Preliminary

ATLAS Exotics Searches* - 95% CL Exclusion

. .
large variety of exotics BSM searches Jede=(10-209) 1o \5=7,8Tev
Model t,y Jets ET [rdtm] Mass limit Reference
. AL T T T T T T T T T T T
ADD Gkk + g/q - 1-2j Yes 4.7 Mp n=2 1210.4491
C O n d U C-te d I n A—l— LAS ADD non-resonant £ 2e,p - - 20.3 n=3HLZ ATLAS-CONF-2014-030
ADD QBH — (q lepu 1j - 20.3 n=6 1311.2006
2  ADD QBH - 2j - 20.3 n=6 to be submitted to PRD
% ADD BH high Ny 2 u(SS) - 20.3 n =6, Mp = 1.5 TeV, non-rot BH 1308.4075
§  ADDBHhigh ¥ pr >lep >2j - 20.3 n=6, Mp = 1.5 TeV, non-rot BH 1405.4254
' E  RS1Gkk— 2epu - 203 k/Mp =0.1 1405.4123
no excess over SM expectations observed ¢ mi e e
E Bulk RS Gkk — ZZ — (lqq 2eu 2j/14 - 203 k/Mp = 1.0 ATLAS-CONF-2014-039
Bulk RS Gkx — HH — bbbb - 4b - 19.5 590-710 GeV [l k/Mp; = 1.0 ATLAS-CONF-2014-005
Bulk RS gkk — tt Tepu 21b>1J2) Yes 143 BR=0.925 ATLAS-CONF-2013-052
S$1/7, ED 2eu - - 5.0 Mgk = R™! 4.71 TeV 1209.2535
. ° UED 2y - Yes 4.8 Compact. scale R™! 1.41 TeV ATLAS-CONF-2012-072
limits on large number of model parameters ; = e s
§ SSMZ >t 27 - - 19.5 ATLAS-CONF-2013-066
& ssMw oy Tepu - Yes  20.3 ATLAS-CONF-2014-017
'g EGM W’ - WZ — tv (0’ 3eu - Yes 20.3 1406.4456
D EGM W' - WZ - qqtt 2epu 2j/1J - 203 ATLAS-CONF-2014-039
& LRSMW;—th Tep 2b01j Yes 143 ATLAS-CONF-2013-050
LRSM W,’? — th Oepu >1b,1J - 20.3 to be submitted to EPJC
Cl gqqq - 2j - 48 1210.1718
G Clgqe 2e,p - - 203 =1 ATLAS-CONF-2014-030
Cl uutt 2e,u(SS) 21b,21j Yes 14.3 ICl=1 ATLAS-CONF-2013-051
S  EFT D5 operator (Dirac) Oe,u 1-2j Yes 10.5 = at90% CL for m(x) < 80 GeV. ATLAS-CONF-2012-147
Q EFT D9 operator (Dirac) Oe,pu 14,<1j  Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 1%t gen 2e >2j - 1.0 LQ mass 660 GeV =1 1112.4828
a r atte r S e a rC e S p e O rl I I e 9. Scalar LQ 2" gen 2pu >2j - 1.0 | LQmass 685 GeV p=1 1203.3172
Scalar LQ 3" gen teu 1t 1b1j - 4.7 LQ mass 534 GeV B=1 1303.0526
' Vector-like quark TT — Ht + X 1eu =22b>24j Yes 14.3 Tin (T,B) doublet ATLAS-CONF-2013-018
| n m a n C h an n e | S >0 Vectorlkequark TT > Wb+ X Teu 21b23] Yes 143 isospin singlet ATLAS-CONF-2013-060
% ‘g Vector-like quark TT — Zt + X 2/28e,u 22/>1b - 20.3 Tin (T,B) doublet ATLAS-CONF-2014-036
T & Vectorlike 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,>1j Yes 143 Bin (T,B) doublet ATLAS-CONF-2013-051
. 5 @ Excited quark g" - qy 1y 1j - 20.3 only u* and d*, A = m(q") 1309.3230
.t | f- E FT f- 2S Exciedquarkq” - qg 7 2j - 203 only u* and d, A = m(q") 1o be submitted to PRD
| I I O S y U Se O O r easy CO I I I parl SO n E ,flE'_) Excited quark b* — Wt 1or2e,u1b,2jor1j Yes 47 b* mass 870 GeV left-handed coupling 1301.1583
Excited lepton £* — ¢y 2eu1y - - 13.0 A=22TeV 1308.1364
. . ' LSTC a7 —» Wy Teuly - Yes  20.3 to be submitted to PLB
-to N d re C-t experime n-ts LRSM Majorana 2en  2i - 21 m(We) = 2TeV,  mising 1208.5420
p o Typelll Seesaw 2epu - - 5.8 1Ve|=0.055, | V,=0.063, | V=0 ATLAS-CONF-2013-019
s Higgs triplet H** — ¢ 2 e, u(SS) - - 47 H** mass 409 GeV DY production, BR(H** — ££)=1 1210.5070
S} Multi-charged particles - - - 4.4 multi-charged particle mass 490 GeV DY production, |q| = 4e 1301.5272
Magnetic monopoles - - - 2.0 monopole mass 862 GeV DY production, |g| = 1gp 1207.6411
10 1 10 Mass scale [TeV]

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

in the future: move on to simplified models

. HC run-ll will start in 2015

higher energies, higher luminosity
expect many more interesting results

stay tuned! :)

IPA, London 19.8.2014
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Addrtional Material
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General Search ATLAS-CONE-2014-006

not sensitive at low prt or small cross sections

>
$10°E ATLAS Peimnay  Channel: v2elj | ¢ Dam20i2
; o Lo | %44 SM Monte Carlo 3
PT cuts = 10 ,[ Ldt=203f" \s=8Tev DATA 6 [ W+lightjets |
. @ ‘ : BKG 07+05; [ Z+light jets E
Object jet b-jet | electron | muon | photon ET' S | | p-value 1e-03: [T ]
: o 10 I I - I single top =
Label J b e 7 Y v |1 } | [ty g
: [ Diboson 7]
Lower pr cut || 50GeV | 50GeV | 25 GeV | 25 GeV | 40 GeV | 150 GeV 1 [ Tribson =
10™ =
.- . 107 i =
background systematics 500 1000 1500 2000 2500 3000
m. [GeV]
Process correlated uncorrelated
uncertainty (%) | uncertainty (%) > R L L R L
- . 8 10°L ATAS Primnay  Channel:3n 4 omecorr
Multijet (normalized to data) 0 30 o J‘ L dt 20 3 o (s 81; v : -, : -
(&5 ; =20.3 , s = e K : Y ; HE
v+jets and yy+jets 10 30 B 10 k- | | 32£A125+ 5 | % SM ore Carlc? 3
W/Z + jets production 5 15 § p-value 6.5e-03 - Diboson E
L 5 § § P
W/Z + heavy flavour production 10 30 10 - Triboson . 5
tt and single top 5 20 1 .
1t + vector boson 10 30
Diboson processes (including W/Z+vy) 10 30 107!
Triboson 20 50
Higgs production 5 20 10 i
200 400 600 800 1000 1200 1400
m.., [GeV]
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New H cavy Q uarks ATLAS-CONF-2014-036

Event selection |

Z boson candidate preselection
> 2 central jets
pr(Z) > 150 GeV

Dilepton channel Trilepton channel
= 2 leptons > 3 leptons
> 2 b-tagged jets > 1 b-tagged jet
Pair production Single production || Pair production || Single production
Hr(jets) > 600 GeV > 1 fwd. jet — > 1 fwd. jet Fractional uncertainties (%): dilepton channel
— — Final discriminant — Z+jets tf  Other bkg. Totalbkg. BB TT
ha’ discriminan , Luminosity 14 28 2.8 03 28 28
m(Zb ) ” Hr(jets+leptons) Cross section 5.5 6.4 29 0.7 - -
Jet reconstruction 13 10 14 11 20 2.1
b-tagging 9.1 13 9.9 5.7 72 59
> FT 17T I 1T I 1T I 1T I 1T I 1T I 1T I ™3 > T T T T I T T T T I T T T T I T T T T I T T T T4 e reconStrUCtion 2.9 16 5.9 4~6 2.5 1.5
8 . 45_ ATLAS  Simulation Backgrounds _E 8 o 8:_ ATLAS Simulation Backgrounds H reconstruction . 38 7.8 7.2 4.2 32 13
S F orgliminary 18=8TeV BE(650GeV) | g F oo Vs=BTeV BB (650 GeV) Ztjets pr(Z) correction | 9.0 - - 6.5 - -
Q 0 351_ reiminary - pilepton —— TT (650 Gev) - & 0 73_ reiminary - Trilepton  ___ IT (650 GeV) = Z+jets rate correction 6.9 - - 5.0 - -
. Bba(650GeV) 3 G L - ] MC statistics 50 25 12 5.4 24 29
c o Thq (650 GeV) 1 2 o e Thq (650 GeV) 1 : . : :
3] - ] c - .
> 03 — o 0.6 —
et - 103 - .
5% BN W z
T / E R N N E Fractional uncertainties (%): trilepton channel
gt - o WZ tt+V Otherbkg. Totalbkg. BB TT
0% V% E 0.2 // E Luminosity 28 28 2.8 2.8 2.8 2.8
0.05E | A E 0.1 = Cross section 17 30 8.9 21 - -
C ;’7///'/// o ] C > / %// //, ______ — . Jet reconstruction | 5.4 1.2 8.1 3.1 40 1.8
. L N AN T 7 e O e s oy — = VA7 bt m ) Leedesdesdesd -
0 200 400 600 800 1000 1200 1400 0 400 800 1200 1600 2000 b-tagging 13 3.6 13 6.7 56 5.5
m(Zb)[GeV] H.(jets+leptons) [GeV] e reconstruction | 9.3 3.9 37 11 59 12
u reconstruction 14 3.9 18 4.2 6.2 5.7
MC statistics 11 3.1 27 6.6 48 8.3
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New H cavy Q uarks ATLAS-CONF-2014-036

electroweak single production

U - d
> - LI NN DL RN AL LA ENLENLNL B
o 220 ) Data —
G - ATLAS .[Ldt=20.3 fo! m— Zelight E wr
o 200 Preliminary Zsbottom
= 180f- =0TV o 1t = r
~ E Dilepton Other bkg -
2 160 1 b-tag —— BB (650 GeV) —
S 440E >1fwdjet ——— TT (650GeV) 3
Lﬁ | Bbq (650 GeV) -] b
120 © w0000 e Tbq (650 GeV) g _
- vy, Uncertainty E b
100 — = <
80 =
60 E
40F- =
20 - —
m ..... % o g, | o]
(@)
é 1 5_ ) , 3 o
P 1%///4///1////%/%;%%/ 7 ////
4] 0.5 i
[m)

0 200 400 600 800 1000 1200 1400
m(Zb) [GeV]

ATLAS Preliminary - 95% CL expected limit ATLAS Preliminary ------- 95% CL expected limit

I Ldt = 20.3 fb‘1 E 95% CL expected limit 16 |
@—8 TeV I:l 95% CL expected limit +26—

= 95% CL observed limit

T TTTTTH
L 11111t

g

95% CL expected limit +1c
" |Ldt=203fb" =

95% CL expected limit +2¢
s =8 TeV

95% CL observed limit

TE E U=y E
1 0—1 — — 1 0—1 = =
1 0-2 11 | 1111 | 1111 | 1111 | | | 1111 | 1111 | 1111 | 1111 | 11 1 0'2 11 | I | I | 1111 | 1111 | I | 1111 | 1111
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arxiv:1405.4123

New Gauge-Bosons - Dilepton submitted to PRD
Mee |GeV] 110-200 200400 400-800 800-1200 1200-3000 30004500
Z/~* 122000 £ 7000 14000 =800 1320£70 70X£5 10.0£1.0 0.008 £ 0.004
Top 8200 £ 700 2900 =500 200+=80 3.1 +£0.8 0.16 £0.08 < 0.001
Diboson 1880 £ 90 680 £+ 40 94+5 59+£04 1.03£0.06 < 0.001
Dijet & W+jet 3900 £ 800 1290 £320 230£70 9.04+£2.3 09+£0.5 0.002 4+ 0.004
Total 136000 &= 7000 18800 + 1000 1850 £120 88 +£5 12.14+1.1 0.011 £0.005
Observed 136200 18986 1862 99 9 0
My |GeV] 110-200 200400 400-800 800-1200 1200-3000 30004500
Z/~y 111000 4+ 8000 11000 #1000 1000 £100 49+5 7.34+1.1 0.034 £0.022
Top 7100 £ 600 2300 =400 160+=80 3.0+1.7 0.17£0.15 < 0.001
Diboson 1530 £ 180 520 + 130 64+16 4.2+2.1 0.69=+0.30 0.0024 £ 0.0019
Total 120000 4+ 8000 13700 #1100 1180 130 56+6 8.24+1.2 0.036 £0.023
Observed 120011 13479 1122 49 8 0

TABLE III. Summary of systematic uncertainties on the ex-
pected numbers of events at a dilepton mass of my = 2 TeV,
where N/A indicates that the uncertainty is not applicable.
Uncertainties < 3% for all values of mee or m,,, are neglected
in the respective statistical analysis.

Source (me = 2 TeV) | Dielectrons Dimuons
Signal Backgr. | Signal Backgr.
Normalization 4% N/A 4% N/A
PDF variation N/A 11% | N/A 12%
PDF choice N/A 7% N/A 6%
s N/A 3% N/A 3%
Electroweak corr. N/A 2% N/A 3%
Photon-induced corr. | N/A 3% N/A 3%
Beam energy <1% 3% |<1% 3%
Resolution <3% <3% |<3% 3%
Dijet and W + jets N/A 5% N/A N/A
Total 4% 15% 4% 15%
Ruth Pottgen IPA, London 19.8.2014 @



http://arxiv.org/abs/1405.4123

, arxiv:1405.4123
New Gauge-Bosons - Dilepton submitted to PRD

Table 4. Expected numbers of events from the various background sources in each decay channel
for mt > 1500 GeV, the region used to search for a W’ with a mass of 2000 GeV. The W — fv and
Z — 0 rows include the expected contributions from the 7-lepton. The uncertainties are statistical.

ev uv
W — v | 2.65 + 0.10 2.28 + 0.21

7 — 0 0.00163 4 0.00022 | 0.232 =+ 0.005
Diboson | 0.27 + 0.23 0.46 + 0.23

Top 0.0056 =£ 0.0009 | 0.0017 =£ 0.0001
Multi-jet | 0.066 £ 0.020 0.046 £ 0.039
Total 2.99 + 0.25 3.01 + 0.31

Table 5. Relative uncertainties on the selection efficiency e, and expected number of background
events Npie for a W’ (upper part of the table) and W* (lower part of the table) with a mass of
2000 GeV. The efficiency uncertainties include contributions from the trigger, reconstruction and
event selection. The last row gives the total relative uncertainties.

Esig kag

Source ev j% ev v
W' — v
Reconstruction and trigger efficiency | 2.5% 4.1% || 2.7% 4.1%
Lepton energy/momentum resolution | 0.2% 1.4% || 1.9%  18%

Lepton energy/momentum scale 1.2% 1.8% || 3.5% 1.5%
Emiss scale and resolution 0.1% 0.1% || 1.2% 0.5%
Beam energy 0.5% 0.5% || 2.8% 2.1%
Multi-jet background - - 22% 3.4%
Monte Carlo statistics 0.9% 1.3% || 8.5% 10%
Cross-section (shape/level) 29% 2.8% || 18% 15%
Total 4.2% 5.6% 21%  27%
W* — lv

Reconstruction and trigger efficiency | 2.7% 4.1% || 2.6% 4.0%
Lepton energy/momentum resolution | 0.4% 0.9% || 3.0% 17%

Lepton energy/momentum scale 24% 2.4% || 3.1% 1.5%
Emiss gcale and resolution 0.1% 0.4% || 3.1% 0.6%
Beam energy 01% 01% || 2.5% 1.9%
Multi-jet background - - 1.8% 2.6%
Monte Carlo statistics 1.2% 1.8% || 6.7% 8.6%
Cross-section (shape/level) 02% 02% || 17% 15%
Total 3.9% 5.1% 19%  25%
R o N 19.82014 @A
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Contact Interaction arXiv:1407.2410

calculation of decay angle in Collins-Soper frame
z-acls bisecting angel between incoming partons

x-axis perpendicular to plane of incoming parton momenta

p(U7) 2(p Py —P1Py) o*-=E+/-p;
P (L) m(0H0-)\/m(T )2 + pr(£H4-)2

cosO* =

angle between z-axis and outgoing negatively charged lepton

2l

30
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- - arXiv:1405.4254
Leptons—jets Extra Dimensions accepted by JHEP

> I L e L e
[0) -1 ]
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o I W-+ets (Fitted SHERPA) -
W 102 [ z/y*+jets (Fitted SHERPA) — 2200 19+ 7 22 10.1 + 3.2 12
o SRV PR 2400 8.2+ 3.7 5 45419 7
oL LB, Rot. BH, M, =5 TeV, M,=3.5ToV | 2600 3.5+2.1 2 2.0 +1.3 2
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Excluded My, value [TeV] for:
Angular Mom. Description
® P Mp =1.5TeV | Mp =4 TeV
Non-rotating | Black holes: High multiplicity remnant 6.2 5.7
Rotating Black holes: High multiplicity remnant 6.0 5.4
Rotating Black holes: Low multiplicity remnant 6.0 5.2
Rotating Production loss model (gravitons) 5.5 4.8
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event numbers

Process ET"® threshold [GeV]

150 250 350 450
47 41 +15 64+241.3+05 0.3+£0.1
W2z 80+£3.108+0402+0.10.1+0.1
WW,tt, Z -t~ 1.9+14 07  of%f  0t97
Z+jets 0.14+0.1 - - -
W +jets 05+03 - - -
Total 52+ 18 7.2+28 1.4+0.9 047
Data 45 3 0 0
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systematic uncertainties

Uncertainty Source Er™ threshold |GeV]

150 250 350 450
Statistical [%] 2 6 13 24
Experimental [%)] 3 6 9 8
Theoretical [%] 35 35 35 35
Luminosity [%] 3 3 3 3
Total [%] 35 36 38 43
T —
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Mono-jet, 8TeV ATLAS-CONF-2012-147

Background Predictions + (stat.data)+ (stat MC) + (syst.)

SR1 SR2 SR3 SR4
Z (= vv)+jets 173600 + 500 + 1300 +£5500 15600 +£200 +300 £500 1520+£50+90+60 270 +30+40+20
W — 7tv+jets 87400 + 300 + 800 + 3700 5580 + 60 + 190 + 300 370 £ 10 £ 40 £ 30 39+£4+11+2
W — ev+tjets 36700 + 200 + 500 + 1500 1880 + 30 + 100 + 100 112+5+18+9 16+£2+6+2
W — pv+iets 34200 + 100 + 400 + 1600 2050 £ 20 = 100 + 130 158 £5+£21+14 42+4+13+8
Z — TT+]ets 1263 £+ 7+44 £ 92 54+1+£9+5 13+£01+13+02 14+02+£15+0.2
Z|y*(— pu ) +jets 783 +£2+35+53 26:0+6=x1 27+£01+£19+03 —
Z|y*(— eTe )+jets - - - -
Multyjet 6400 + 90 + 5500 200 =20 + 200 - -
tt + single ¢ 2660 + 60 + 530 120+ 10+ 20 T+£3+1 1.2+12+0.2
Dibosons 815+9 +163 83+3+17 14+1+3 3+£1=x1
Non-collision background 640 + 40 = 60 2+7+2 - -
Total background 344400 + 900 = 2200 + 12600 25600 +240 £ 500 +900 2180+ 70 +120+100 380 +30 +60 +30
Data 350932 25515 2353 268
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More |41eV Prospects

ATLAS-CONEF-2012-147 ATL-PHYS-PUB-2013-003
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