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Introduction

various models for new physics predict new particles that do not interact in the detector

signature: unbalanced jet or photon => missing transverse energy (ET™'s)

from ISR q
pair production of Weakly Interacting Massive Particles (WIMP)
dark matter candidates monophoton@7TeV s
monojet@7TeV
monojet@8TeV q )

e €® in the final state

033\ g 66 : - : v : : :

@WWJ‘%L {:produc’uon of ADD graviton of Large Extra Dimensions (LED))

399 ingredients to solution to hierarchy problem ~  monophoton@7TeV
g @ G) monojet@7TeV

q @ () monojet@8TeV

- \E
q QO
(S
Y {\atpi(\)s . - . - —
X ) ‘@roducﬂon of squark/gluino together with a gravitino
:q ((Z.)) [, parton + gravitino monolet@TeV
. 666‘ gauge-mediated SUSY breaking (GMSB) scenarios
mm% gravitino as LSP

q (G) @
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WIMP Pair Production

http://arxiv.org/abs/1008.1783

WIMPs popular candidate for dark matter (DM)

different search approaches:

DM ~ /DM DM - - SM SM\ - DM

M~ NsM DM~ M sM=" >~ DM
indirect direct collider searches
(WIMP-nucleon scattering) (annihilation) (pair production)

assumption: interaction mediated by a new particle too heavy to be directly produced @LHC

effective field theory approach (contact interaction)

Name | Initial state Type Operator

D1 qq scalar %‘% Y XGq
suppression scale of effective theory: M
D5 qq vector XY X TV
DS qq axial-vector %_r %0 e - \(]“,N“,-Sq M e M M: medigtor Mass
o ¥ \/— gy coupling to DM
D9 qq tensor %r oM"Y XG0 ExEsm gsm: coupling to SM
D11 qq scalar T.\lTJ\ \(13((7':‘“,)2
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LED ADD Graviton

http://arxiv.org/abs/hep-ph/98033 | 5v |

Arkani-Hamed, Dimopoulos, Dvali model of large extra dimensions (LED)
possible way to solve hierarchy problem
gravity propagates in 4+n-dimensional bulk of space-time
=> fundamental Planck scale Mp
related to 4-dimensional Planck scale (Mp) as Mp2~Mp2*"R" ' n:number of extra dimensions
R:size of extra dimensions
appropiate choice of R for given n results in Mp of O(TeV)

compactification of extra dimension => Kaluza-Klein towers of massive Graviton modes

q Gg
g 666
WG%
J G
monojet signature monophoton signature
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Gravitino Production
http://arxiv.org/abs/hep-ph/06 10160v2

gauge-mediated SUSY breaking (GMBS) scenarios: gravitino often assumed LSP
mass ~ 1 0*-10~eV

gravitino Dark Matter candidate (though not uniguely, too light)

gravitino mass mg related to SUSY breaking scale F: mg ~ F/Mp

cross section for gravitino-squark/gluino production ~ 1/(mg)?
becomes dominant in scenarios with very light gravitinos (low-scale SUSY breaking)

q G g G
g

TN

8 q g

superparticle decays further, R ———
dominantly in quark/gluon+gravitino

[

results in jet + missing transverse energy from gravitinos
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Monojet Event Candidate in ATLAS

o
|

CATLAS
B EXPERIMENT

un Number: .

Number: 5 ] )

Eve

Ermiss = 863 GeV
jet pr = 852 GeV

2l
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Background Contributions

. data driven /monophoton/both
Z(vv) + jet/photon P
irreducible, largest contribution Y4 v
Y

W (ev)/Z(€L) + jet/photon

leptons not identified
W//Z+ets contributes to monophoton when et
or electron mis-reconstructed as photon

[y or
Multi-jet/y+jets ' nall jet mis-identified as vy
Non-collision background (NCB) > contribution
beam halo, cosmic muons... » (=1-27%) W Z‘/ undetected or
hadronic t decay/
mis-identified as vy
' )
& g neletop small fy or
Q\). (00\’50 tt > contribution jet mis-identified as vy
o\ A 0
0> Diboson/Diphoton - =iy
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Event Selection

MONOJET (2011/2012) MONOPHOTON (201 1)
Ermiss trigger Ermiss trigger
good data quality (4.7/fb, 10.5/fb) good data quality (4.6/fb)
primary vertex, jet cleaning primary vertex, jet cleaning
at most 2 jets with pr>30GeV, [n|<4.5 at most | jet with pr>30GeV, [n|<4.5
|Ap(Ermiss 2nd jet)[>0.5 overlap removal for Ex™ y and jet
leading jet: n|<2.0 (central) photon: [n|<2.37
4 signal regions (SR) excluding calorimeter barrel/endcap
symmetric cuts on Er™s, leading jet pt transition (1.37<|ny|<1.52)
lower bounds: [ 120, 220, 350, 500] GeV Ermiss & photon pt > 150GeV
lepton vetos (electron, muon) lepton vetos (electron, muon)
Ruth Pottgen Kruger2012 4.12.2012 @AV




Flectroweak Background

W)/ (eL) + jet/photon control regions (€=u,e)
simulation-based transfer factors (ratios!)

significant reduction of theoretical and experimental uncertainties

estimated number of number (l)f events number of events for given
background events in SR In_control region background contribution in
SR from simulation

N

simulated events of CR
process with only jet/y&Ermss

correction factors cuts applied
(efficiencies, acceptances...)
different CRs used for different SR background processes
Ruth Pottgen Kruger2012 4.12.2012 @




| | ~ Electroweak Background i@z
' Monojet CR distributions (201 1)

> I I L 1 L l 1 I 1 ' 1 ] 1 ] | L 1 I ] 1 I
§ 10° L ATLAS W(—>uv)+jets CR1
= .4 —— Data 2011
é’ 10° f Ldt=4.7 fb Sum of backgrounds
4+ W(— Iv)+jets
- W(uv)tjets CR 1076 Vo 7Tey =3 e
10 - T [ 1 + single top
' exactly | reconstructed muon 1 . [ Di-boson
=
1 40GeV < mt 10" e —
l_ 1!
' remaining SR cuts 10 = T—T —
10° ﬂtt
P L (- 1y | | p—
200 400 600 800 1000 1200
ET™ [GeV]
o
5 Z(—>uu)+ets CR1 .
210’ | Z(up)+jets CR
QC) —e— Data 2011
) 10° £ Sum of backgrounds =
‘0 [ Z(— Ny+jets ' exactly 2 reconstructed muons
[ tf + single top
1 Di-boson L 66GeV < my, < 116GeV
10" r ' remaining SR cuts
10% ;
10° a
O T B P TN TR U N T O O O .
0O 100 200 300 400 500 600 700 800 900

Leading muon p_ (GeV]
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Background Systematic Uncertainties

MONOIJET (201 1) MONOPHOTON

photon energy scale:

Jet & Ex™ss energy scale and resolution: 0.9%

|-6% L .
photon energy resolution, isolation,
identification efficiency:

Lepton scales/identification: 1%

<1% lepton identification efficiencies

0.3%
correction factors in EW estimation: jet energy scale , resolLtion
o 0.9%, 1.2%
) PDF choice, renormalisation/factorisation
scales in W/Z+ vy samples:

Non-electroweak backgrounds: |.0%

0.1-1.1% trigger, lepton energy scale and

resolution, pile-up, luminosity
combined <0.5%

parton shower/hadronisation modelling
6.9%

parton shower/hadronisation modelling:
3%

Ruth Pottgen Kruger2012 4.12.2012




Results - Monophoton201 |

monophoton@7TeV
no significant deviation from Standard Model prediction
> llllIllllllllllllllllIIlIllllIllll
[ —e— Data 2011 s =7 TeV)
O 102-ATLAS L Z(—vv)+y
: =,
g [Lat=aon' I i roer mutijt, dboson
2 10 —— Total background
- R — - ADD NLO, M _=1.0 TeV, n=2
..... “ieieeee ... WIMP, D5, n7=10 GeV, M=400 GeV
1 ——— e — . e
—— |
107 + ' - .
102 l
10-3 llllllllllllll
150 200 250 300 350 400 4"5“9s 500
ETS [GeV]
Background source Prediction =+ (stat.) £ (syst.)
Z(— vo) +~ 93 + 16 + 8
ZIy* (= )+~ 0.4 +0.2 0.1
W(— )+~ 24 +5 + 2
W/Z + jets 18 — + 6
Top 0.07 + 0.07 =+ 0.01
WW,W Z,ZZ,~~ 0.3 +01 +0.1
~v+jets and multi-jet 1.0 - + 0.5
Total background 137 + 18 + 9
Events in data (4.6 fb~") 116
Ruth Pottgen Kruger2012 4.12.2012 @m
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~ Results - Monojets201 |

monojet@7TeV

' agreement with Standard Model prediction

>105l|lll|lllllll|lllllll
<)

] 1 1 1 ] 1 L] L I LJ LJ T

>
L)
—e— Data 2011 ATLAS —e— Data 2011
o 100k ATLAS mree: D5 Me100GoY M,=80G0V _ % 10* ~vomem: D5 M=100GeV M,=680GeV
5’;:3 PR ADD $=2M,=3.5TeV = g <eeee. ADD 8=2M,=3.5ToV
B - det =4.7fb Sum of backgrounds o 10° det =47 fb Sum of backgrounds
@ 10° B Z(—w)ets @ 107 E B (it
[ W(— v)+ets : [0 W(— hv)+ets
102 (s=7TeV &3 2(~ ysjess 10 Is=7TeV =3 2(~ lipjets
z B f + single top == [ tf + single top
10 !— | Multiet 10 !;__ | Multijet
L1 Di-bosons [C—1 Di-bosons
(e =1 B Non collision (I B Non collision
10"E 10" —
N 5 == T T L
102 102 E
: i 'R R T B
200 400 600 800 1000 1200 200 400 800 1 1200
ET* [GeV] Leading jet p_[GeV]
SR1 SR2 SR3 SR4
Z'—> vir+jets 63000 + 2100 5300 + 280 500 + 40 58 +9 ' lower bounds on E1miss &
W — Tv+jets 31400 + 1000 1853 +81 133 +13 13+ 3 eading i .
W — evtjets 14600 + 500 679 £43 40+8 5+ 2 eading jet pr:
W = pr+ijets 11100 + 600 704 60 55+6 6+ 1 ,
tt + single 1240 + 250 57 + 12 4+1 - -SRI 120 GeV
Multijets 1100 + 900 64 + 64 8+3 . - SR2:220 GeV
Non-coll. Background 575 + 83 25 + 13 - - ’
Z[y* = TT+jets 421 + 25 15 + 2 2+ 1 - '+ SR3:350 GeV
Di-bosons 302 + 61 20 + 5 5+ 1 1+1 - SR4: 500 GeV
Z[y* = pp+jets 204 £ 19 8+4 . -
Total Background 124000 + 4000 8800 + 400 750 + 60 83 + 14
Events in Data (4.7 fb™1) 124703 8631 785 77
Ruth Pottgen Kruger2012 4122012 @Au
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Results - Monojets2012 | ooecasrey

only small changes wrt 201 | analysis

SRI
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T TTI TTTI

—
Q

Data / BG
o =
g o O,

\s =8 TeV

T I T T T I T

—@— data 2012
Total BG
C— Z(—vv) +jets
=0 W(—lv)+jets
C—] Multi-jet
C— Non-collision BG
C— Z(—=1l) +jets
@ Dibosons
B i - single top
ADD n=2, M_=3 TeV (x5)
....... D5 M=80GeV, M =670GeV (x5)

- G+ M, =1TeV, Mé=10"‘ev (x5)

reliminary

dt=10.5fb™

IIIIIlIJ] |IIII|ll| |III|l|]| IIIIILIJJ |IIIIl|J|_

no significant excess

no significant

1000 120
Ef™ [GeV]

800

improvement wrt 201 | limrts

dN/dpT [Events/GeV]

Data / BG

— — — —
= o o o o
—_ o () w N o1

—
Q

1.5

0.5

SRI

I T T T I
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f Ldt=10.5fb"
\s =8 TeV

......

T I T T T I T
—@— data 2012

Total BG
C—] Z(—vv)+jets
=0 W(—lv)+jets
C— Multi-jet
C—/ Non-collision BG
C—] Z(—=1)+jets
@ Dibosons

B - single top
ADD n=2, M_=3 TeV (x5)
....... D5 M=80GeV, M =670GeV (x5)

&L~ _ _1n
- - == G+T0, Ma@_1TeV, N(L3_10 eV (x5)

IIIIIIlI| |IIII|ll| |IIII|ll| IIIIIlIJ] |III|l|l|__

I = S |
e . Lo _|
200 400 600 800 1000 1200

due to small statistics in background simulation samples

preliminary result

Ruth Pottgen

Kruger2012

NEW interpretation: Gravitino + squark/gluino production

P, jet1 [GeV]

final result will benefit from simulation samples with higher statistics

4.12.2012
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Interpretation

different theoretical frameworks considered

results with 201 | data will be presented
(monojet & monophoton)

ADD Large Extra Dimensions (LED) }
WIMP pair production

gravitino production  —> results from 2012 monojet analysis

systematic uncertainties on signal predictions

similar treatment for all interpretations

. Parton Distribution Functions (PDF)

Q- . L
Q/O renormalistion and factoristation scales

&
Initial/Final State Radiation (ISR/FSR)

e« Jet and Ex™ss energy scale and resolution
Trigger

Luminosity

Ruth Pottgen Kruger2012 4.12.2012




Interpretations - WIMP Pair Production | speecarmey

cross section determines relic abundance of DM In the universe (measured by WMAP)

cross section depends on suppression scale M« and WIMP mass

for each value of my a certain value of M= results in ‘correct’ relic density

(green line)
lower limits on M= as function of WIMP mass
~ ' AR ’ LY AL LN | T T T TTTTTTTY T T TTT
(%5 1200~ ATLAS / ~ § GOOTATLAS | | '
;; [ Vs=7 TeV / I “x C (5=7 TeV Operator D11, SR4, 90%CL
2 10001 | gt =47 1" / - 2 500F [, 0 a7 - Expected limit (+ 1,,,) —
;i : / : g - = Observed limit ( 1,,,,, )1
800} - - - .
S Y. / _____________ _ 1§ 400} Thermal relic -
é 600 i N 33 _ g :' N -
g ot N 1 &8s -
(g N Operator D5, SR3, 90%CL i 03) - §
400 - - Expected limit (+ 10,,) - - A
I == Observed limit ( 10,,,,,,) i 200~ a
200 — Thermal relic / N d
— 1 1 L llllll L 1 1 llllll 1 L L ll.llll 1 100— 1 L L llllll L | | llllll L 1 1 ll‘lal
1 10 10 10° 1 10 102 10°
WIMP mass m, [GeV] WIMP mass m, [GeV]

effective theory
not valid

limits above thermal relic line => conflict with WMAP measurement

Ol
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Interpretations - WIMP Pair Production

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

Monojet@7TeV
_ gf\TLAS e s=7TeV. 471", QQ%CL __10_29ATLAS Vs=7TeV. 47’ _909§CL
%, a5} —— SIMPLE 2011 —— D8: qg— (47T & ' —— XENON1002012  —e— D1: qf— 100,
10 Dirac
T B Do —— D9 G0 jpye | 101} - COMSHoweneray D5 o> i,
S 10-385_— 08: CMS qq— i), — 10 theory 1 -5 10 . D5 gDFcn—»j(rz) — D11: gg— J(y/)om
8 | i 8 b——DscMsq-ium,.
109 @ 0% e
w 0 -
S10% 109
- —
§ 10.39 § 10 39 =_——_-—_-—_——_;Tiz"'—"‘—
I3} © 2 I S
< 10 = 10} ‘
o o i
= 4o =10
S — ¥‘/’ 3
= ~— ..., . ... . Spin-dependent 310“53 T Spin-independent -
1 10 10° 10° 1 10 107 10°
WIMP mass m, [ GeV ] WIMP mass m, [ GeV ]
Monophoton@7TeV
' ' ' NA T10"F '90% CL, Spin Dependent 90% CL, Spin Independent
Spin dependentl interaction: °§10_},E i —praso §ICNOND Qe o
collider competitive over S 1gf ~ OPF D8 &> i), — CMS (5 "), D5, > 1(¢7)_
, B pf — CMS(517). D8. q@- v(D),, —ATLAS, D5, - 1(£7),
large mass region 810k " F--.ATLAS, D1 B 10D
810-37r \\ - [
O,  _w e £ T L Lt
510 4 S - maaasand
» ) ) ) . . c 10-3!;. L. "0‘ ‘
spin-independent interaction: 8 il ;
lid fitive at small Y |
colllaer compettive at sma i"OMF_ATLAs 08, ¢ 1047, , .""-,
masses 1072} +-e+ ATLAS, D9, 6 1017, i
0 ,
1oL ATLAS \s=7 TeV.J Ldt=46
104551 A1 11311 r el 1 11111 [ | 11111;11 L1 llLllll Ll 111111

2

1 10 10° 10° 1 10 107 10°

m, [GeV] m, [GeV]) @
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Interpretations - LED ADD Graviton

cross section related to 2 parameters: Mp and n po 2
0
| | | o(n, Mp) = (n, Mp,) X | =
Mp: fundamental Planck scale in 4+n dimensions D
for each n set (lower) limits on Mp
Monophoton@7TeV
< 5 l T 1 T PR
®  2bo.... ATLAS \s=7 TeV,| Ldt=461"
0 E """"" b Rttt [ QP —— r—— .
o it St S - stonollet@7TeV |
16 :_ 2 E === 95%CL Observed limit, LO {+ 15o, ) E
. N 95% CL limits, NLO Theory = ¢ SE ............ : === 95%CL Expected limit, LO (x 10,,,) .
14— =—=- ATLAS Observed Limit + 1g (theory) _ E 4 [ — —— 95%CL Observed limit ATLAS 2010, LO
i B - ATLAS Expected Limit (+ 1) . ‘65 - -
o [— g;ng (5" - g SR ATLAS .
- =rome — O 35— = |eeececcceee-. - —
1.21 == DO 1 <& ' ' \E=7Teij=47fb" .
e LEP 7 = - S —— ' y -
| 3 ‘Yemssssessssess
11— e i T = ] -
:.: ................. N trrmsrsme st L ........................... -: 2 5 E:_
08— | e iy C
2 3 4 5 6 £ E
Number of Extra Dimensions = 1 . 3
1.5 E:— : —
y S -
Number of extra dimensions
Ruth Pétgen Kruger2012 4122012 @Au
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Interpretations - Gravitino Production o ce@smey

G G

GMSB assuming very light Gravitinos

() - i - U -h%hhhhh;ﬁa;-";
L . BR=100% BR=100%
considering region where NVWA | a !
- - - - 5
(Narrow Width Approximation) valid  T'<—m; ; r. LY 10)
g\q)—g9\q 5V 3
4 @=9@G = o 372
TiipiMmg o
degenerate squark/gluino masses S 10°F I ' ]
= =yA LR | B L L DL I £ E E
= e ATLAS Preliminary s= c. sss m 54 = [ :
w 1= 7 | === Expecled limit _ 10-4 7 eSS . -
X = Ldt=10.5f0  ___ s iome € E T T E
< E (s=8TeV [ *we : - ]
B £ ..'. \‘. ‘2'1..‘, B i .
° i ,'—-‘\ Em,_..-zoeoslev] ] 10'55 ........ =
10‘1:_ ;; N my=4 0e-05 [eV) —= = 95% CL SR3, m_§=m. i E
T o : - _t o ATLAS Prellmlnc‘iifyj
N = =2 My=8.0e-05 [eV] . 105 — — Expociod it det=10.5fb N
i o v, =
- R -t mee My=1.0e-04 [eV] . = 1 + 200 s =8TeV 3
10‘2_— TN TN o N, = My=200-04 V) — u L-wmg;«mmmt .
: ".7/\<"-~\‘\ ™, \~ N, == My 0ed(ev) = I AP IR PP B BRI EPEr
F Nt Y I, emempdoeoten 3 0 500 1000 1500 _ 2000 2500
i / 7N s v, Yt e My=5.0e-04 [eV] 7
- L N N N meesoeot(ew) 1 m; [GeV]
1'3—1/..l....I,',-.\]"\\.‘.,"'L..v"1‘l..4:,l,..,l. L. N
0 500 1000 1500 2000 2500 3000 3500 Mg observed limit on mé @95%CL
My [GeV] 500GeV x| 0%V
|.7TeV 4x 1 0~eV
(considerable improvement wrt limits from LEP/Tevatron
~ (1.37x10eV assuming high superparticle mass)
Ruth Péttgen Kruger2012 4122012 @Au
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Summary&Outlook

monojet and monophoton signatures predicted by various models for new physics
both analyses done with ~5/tb of /TeV LHC collision data

monojet analysis updated with 10.5/tb of 8TeV LHC collision data (preliminary results)
no significant deviation from Standard Model prediction

imits for ADD and WIMP interpretations

2012: including new Interpretation: gravitino + squark/gluino

first ATLAS result on this model

best lower bound on gravitino mass to date

full 2012 data set about twice as large (~20/fb)
new simulation with higher statistics
potential optimisation for specific models

Include more models

Ruth Pottgen Kruger2012 4.12.2012
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~ Results - Monojets2012  oeaerey

' more Gravitino limits (different mass configurations)

3 ] ! | | | | | ST | | A | | ]
3 10° s 107
[1%) = 10 - -
£ : E - .
0% e E 10°E -
0% e 2 10°E . ¥
. e oSt mba i ATLAS Preliminary - <7 ESwCLsmmi-2«md  ATLAS Preliminary -
- Observed -1o, ___ limit 4 — e e Obsarved -1o,___ limit 4

6 — — Expected imi Ldt=10.5fb o — — Expected it j Ldt=10.5 fb
107 ., . . = 107 B t Y, =
- o’ +2c - B 3 2c fa o= B
- S et WA ot (s=8TeV R . sy 2N 1s=8TeV =
- Heavy superparicie kma i 3 Heavy superparticie mit i
* L 4 l L L A l L A s l A A s l L 4 ' l L s ' l L l. s l A ' L l 4 ' L L l ' L A s I A 4 ' L l o
0 200 400 600 800 1000 1200 0 500 1000 1500 2000 2500
my [GeV] my [GeV]
_3 L I I L] ] I 1) 1] L l LI L] L] l ] L] L] ] ' L] L ] I [ L I ] 1] ' ] ] _3 I I i L] l 1] ] I L l L] I I i l L] ] L L] l ] I ] . l 1]
g 10 g 10 IE_ _§l
& ok -
104%: = S 10°E =
0% e = 10° =
~" eswcLsRimB=t«md  ATLAS Preliminary- F ATLAS Preliminary -

Observed imit
....... Observed 1o, imit 1 - hnit 1

P o — — Expected limi I Ldt=10.5fb " —— — Expected limit I Ldt=10.5fb
10 & = - Y y-— 107 - o, '_ =
d l | * Lo — - - | | - 0-’ = =
"""" NWA it (s =8Tev = F mmmmmn NWA mi Is=8TeV 3
—— Heavy superparticle imit : : : Heavy superparticle limit :
P . e 1 . . . 1 . . . .. . . .1, 6. . 1 . . . .1 . . . .1 . . . . ] .
0 100 200 300 400 500 600 0 500 1000 1500 2000 2500
m; [GeV] m; [GeV]
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Model Independent Limits

e ———e———

- limits on visible cross section, o x A x ¢

. Monojet (8TeV)

2 F : —
= o500 L R observed limit
w -
- @ 95%CL [pb
: - ATLAS Preliminary Eecedint | — [pD]
1 .
o =y J L1051 —— Observed limit 5 O le
- \Ns=8TeV 10 :
- B o 3 0.05
- t 20,,,
—— 4 002
10-1 E_ —E
102 =

SR1
SR2
SR3
SR4

' large uncertainties in SR3 & SR4 due to poor statistics in simulation samples

Ruth Pottgen Kruger2012 4.12.2012
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Interpretations - LED ADD Graviton  mencei@srev

' best limits from SR3

:E‘ 1 LA ] LI ] l'l" YJ LI B ] LI ] Tt I LA | [ rry -I l.l L | ] ]
o - — 95%CL Observed limit N
v L s 95%CL Expected limit (+ 1% 20,,)]
X = , = ADDn=2 - i - _
< L K ADDno 6 i - improvement wrt to /TeV only for n=6
X
6 I ‘ g . 4
ATLAS Prefiminen) ., \s=8TeV, I 105 - reason: poor MC statistics
10" | 7 —
10% [— =
_1 Ll l LAl L J LA L L l L L l LA L l W AN LJ AL Al l LA Al l L Al l il 1—

95% CL limits on ADD model using LO signal cross sections

nextra- |95% CL observed limit on My [TeV]|95% CL expected limit on My, [TeV]
dimensions | + 1o (theory) Nominal —lo(theory)| +lo- Nominal —lo
2 +0.32 3.88 -0.42 -0.36 4.24 +0.39
3 +0.21 3.16 -0.29 -0.24 3.39 +0.46
4 +0.16 2.84 -0.27 -0.16  3.00 +0.20
5 +0.16 2.65 -0.27 -0.13 278 +0.15
6 +0.13 2.58 -0.23 -0.11  2.69 +0.11

Ol
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Interpretations - WIMP Pair Production mences@stev

reduced number of operators/mass points considered

—
N
o
o

—
o
o
o

800

600

Suppression scale M, [GeV]

400

200

V=8 TeV f Ldt =

Operator D5, SR3, 90%CL
£-: Expected limit (+ 1+ 20_ )

exp

theory)

— Thermal relic

*ATLAS Preliminary

10.5fb”

effective theory.|

not valid
11 |

10°

10°

WIMP mass m, [GeV]

Suppression scale M, [GeV]

TT |
Operator D11, SR3, 90%CL
k- Expected limit (+ 1+ 20

— Observed limit (£ 10y,,,.)

500

exp

450

400

350
300

Suppression scale M, [GeV]

250

200

Ldt=10.5fb"
150 f

)

effective theory"““

not valid
1 1 1 1 | | |

100 '
10?

Ruth Pottgen

10°
WIMP mass m, [GeV]

1400
~ Operator D8, SR3, 90%CL
1200 == Expected limit (+ 1=+ 20, )
— Observed limit (= 10,,,,,)

1000

— Thermal relic

800

()]
o
o

ITIII|III|III|III|III|III|

~ Vs=8TeV
400 4
:det=10.5fb
200 L effective tﬁéor
E 1 1 1 1 1 1 II| 1 1 nIOtYallIdlll
10? 10°
WIMP mass m, [GeV]
my D3 DS D11
<80 | 731(704) 713(687) 309(301)
400 | 632 (608) 535(515) 257(250)
1000 | 349 (336) 250(240) 155(151)

imits for D5,D8 ~10% stronger wrt /TeV

improvement for DI | hampered
by poor simulation statistics

Kruger2012
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Model Independent Limrts 201 |

Monojet
SR1 SR2 SR3 SR4

oo at 90% [ pb | 1.63 0.13 0.026  0.0055
oo P at 90% [ pb | 1.54 0.15 0.020  0.0064
o at 95% [ pb | 1.92 0.17 0.030 0.0069
ooP at 95% [ pb | 1.82 0.18 0.024  0.0079

Monophoton
5.6b @902%6CL
6.8fb @95%CL

Ruth Pottgen Kruger2012 4.12.2012 @AV
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Multijet/y+jet Background

events with additional jet(s), where one jet is mis-measured or lost

require additional jet with pt > 30GeV

invert Ag cut between ET™ss and additional jet

example monojet

g 107 %; L 4 Y Y Y ' 4 L 4 Y 4 l Y 4 Y Y ] Y Y Y Y ' 4 Y Y Y T 4 L 4 Y Y T L
& = ATLAS Preliminary '}'g:ilzgg =
S of B _[Ldt:to.sm" ] Multi-jet _
> 10E - 0 Z(—w) +jets -

e F Ns=8TeV [ W(-—lv)+jets 3 these could be
& o CJZ(—=N)+jets B h ”
10° & B Dibosons E otons as we

E B |+ single top E P
10* pe

Data / BG

0 05 1 1.5 2 25 3
Ad (E'T‘""‘“.jetz)

fit pt spectrum and extrapolate below 30GeV

systematic uncertainties from extrapolation and background subtraction

Ruth Pottgen Kruger2012 4.12.2012




Non-collision Background

cosmic muons, beam halo

reduced by dedicated ATLAS jet cleaning cuts

remaining contribution estimated from data (negligible for monophoton)

in 201 | based on timing information from forward muon detectors

in 2012 based on timing distribution of leading jet

»w 10— T T T T g N
%) E ] beam bac.kground sample  ATLAS Preliminary 3 ..GED
o 10k [ after medium - =
= = [ after tight L=105 fb-1 = L
c 106_ — after medium +f__+fgy, ' i
LU E — after medium +1_ + foy + fmax \s=8TeV 7§
10°F E
10°F E
10°E :
107
10
30 20 -0 0 10 20 30
tjet1 [ns]
Ruth Pottgen Kruger2012

new cleaning cut using fmax

LILELIL I LEELELIL I LILELIL I LEELELIL I LILELIL I LEELELIL I LILELIL I LELELIL I LILELIL I LILELIL
1 06 _E [] beam background sample ATLAS p,-elin«,i,«,a,-y;=
=[] after medium =
105 ] after tight L=105 fb-1

E —— after medium +f_ +fg,

- —— after medium + f_ + fey + frnax \s=8TeV .
10°F -
10°F E
10°F E

O 010203040506 070809 1
f

max,jet1

4.12.2012
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Selection Detalls

MONOJET (201 1/2012) MONOPHOTON (201 1)

Ermiss trigger (98% efficient @120GeV) Ermiss trigger (98% efficient @150GeV)
at least | primary vertex with > | track primary vertex with =5 tracks
leading jet: overlap removal:

em fraction>0. | A@(y,Erms)[>0.4

charge fraction>0.4 A (jet,Erms)[>0.4

maximum fraction in one calorimeter AR(jet, y)[>0.4

layer < 0.8

Ruth Pottgen Kruger2012 4.12.2012




MONOJET (201 1/2012)

electrons:

pT1>20GeV

<247

“medium++" quality

overlap removal with jets
MUONS:

pr>/GeV

<25

isolation requirement

Ruth Pottgen

Lepton Vetos

MONOPHOTON (201 1

electrons:

pT>20GeV
n|<2.47

“medium++"" quality

MUuOoNS:
pr>10GeV
n|<2.4

no Isolation requirement

Kruger2012 4.12.2012
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Flectroweak Background Monophoton

muon control region
inverting the muon veto

> - T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T —

O - .1 —e— Data2011 \'s=7TeV) J

(2 - ATLAS fL dt=4.6f0 g wiz+y i
L I \WV/Z+et

c E—— B top, y+jet, multi-jet, diboson 3

LT>J> - —¢— ~~———= Total background .

107 t + 3

| | | | | | | | | | | | | I_§

150 200 250 300 350 400 450 500
ErTn % [GeV]
Ruth Pottgen Kruger2012 4.12.2012 @
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Flectroweak Backgrounds, Monojet

different CRs used for different SR background processes

2011
‘ W — Tv+jets

SR | Z — vi+jets . .
W — pwv+jets

Z = 77 +jets

W — ev+iets
R AN put T +jets

W — ev+jets
W — pv+jets
Z — ete +jets
Z — put T +jets

CR W — pv+jets

W — ev+jets Z — ptu +jets

complete formula (201 1)

vrpredicted  / arData r7 Bkg Y
Nsr = (Ner™ = Nggr') - €

, : smultijet
(NER™ — Neg ) - (1= few)

trig p
Ag-€p-ezmw - € - Ly

Ruth Pottgen

A MC
NgRr _
“\,"'T\rl(f _
JCt/E-E-‘L s
gy L omiss X \S—“R(
Ejpiss Ex™ = NMC
Y jet /Expiss
Kruger2012

2012

BKG contribution CR used cross check
Z(w) Z ()
Z(u) W) Z(u)
Wi(pv) Z ()
W(mv) W(ev)
Z(t) inclusive
W(ev) W(ev)

4122012

Ol
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Systematics Monojet

201 |
Source SR1 SR2 SR3 SR4
JES/JER | Exss 1.0 26 49 58
MC Z/W modelling 29 29 29 30
MC statistical uncertainty 0.5 14 34 89
1 — few 1.0 1.0 0.7 0.7
Muon scale and resolution 0.03 0.02 0.08 0.61
Lepton scale factors 04 05 06 0.7
Multijet BG in electron CR 0.1 0.1 03 06
Di-boson, top, multijet, non-collisions | 0.8 0.7 1.1 0.3
Total systematic uncertainty 34 44 6.8 11.1
Total data statistical uncertainty 0.5 1.7 43 118

2012

Jet & ET™ss energy scale and resolution:
2-4% (on transfer factors)
Lepton identification efficiencies:
1-3% (on transfer factors)
Non-electroweak backgrounds:
<19 (on total background)

parton shower/hadronisation modelling:

3% (on total background)

Ol
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Monojet WIMP Limits 201 |

(?g SOLAfLArS- L | ¥ Y llltvul‘_-: §12OO:_A1:LAISI LB T T T T TTITTg T —:
; - (=T TeV ) [ {s=7Tev -
X 1 = 1000F : -
o 40— . ® ~ |Ldt=471b -
3 i . S i ]
. 73] — -
- g B c 800_ —
2 Pp——F——— - 2 e e el i}
g - : X ] @ —— ,, ——u -
8 : | : g 600 o erator D8, A3 90° oL B
A 201~ Operator D1, SR3, 90%CL ~ 2 i peEfa °"ed | o %o }
- -~ Expected limit (z 10,,)) : 400 xpectediimt & 100 _
10— == Observed limit (+ 10,,,, ) - P == Oesnec "f“" (£ 10 00ry) .
) —Th | relic . . — Thermal relic _
L erma ] 2001 .
- : S : sl . taa il i 1 T s 1 Lo ov el 1 ool 1
1 10 107 10° 1 10 102 10°

WIMP mass m, [GeV] WIMP mass m, [GeV]

%‘2400:_ 1 1] 1 llllll 1] 1 1 llllll 1 ] 1 llllll —:

O 0000E Operator D9, SR4, 90%CL E

< 20005_ - Expected limit (+ 10,,) _f

D a0of. == Observed limit (£ lo,,,,) E

§ 16005— — Thermal relic _E

c - -

é 100 5

® 1200F - 3

Q - R

21000 e

D 800F -

600F- =

400;— —;

200:— 1 + 3 el 1 L3 sl 1 11 llllll_E

1 10 102 10°
WIMP mass m, [GeV] @
Ruth Pottgen Kruger2012 4122012 4
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WIMP Limits 201 |

Monojet @ 90(95)%CL
| D1 D5 DS DY D11 o
"X observed lower limits on the
1[30(29) 687 (658) 687 (658) 1353 (1284 ) 375 ( 361 ) suppression scale Mx [GeV]
5130(20) 687 (658) 687 (658 ) 1353 (1284 ) 375 ( 361 ) | -
10 [ 30 (20) 687 (658) 687 (658 ) 1353 (1284 ) 375 ( 361 ) for SR with best expected limit
501 30(20) 682 (653) 666 (638) 1338 (1269) 370 ( 357) (SR3 for D1, D5 and D8,
100 [ 20 (28) 681 (653) 650 (623) 1310 ( 1243 ) 360 ( 347) SR4 for D9 and DI ).
200 | 27 (26 ) 658 (631) 595 (570 ) 1202 ( 1140 ) 357 ( 344)
400 | 21 (20) 571 (547 ) 475 (455) 943 (893) 324 ( 312)
700 | 14 (14) 416 (398) 1(298) 629(596) 250 (241) central values
1000 | 9(9) 281 (269) 1%( 188 ) 4(m( 384) 185 ( 178 ) —~ wio th ] o
1300 6(6) 173(165) 110 ( 106 ) 0(227) 128 (123) (=> w/o theoretical uncertainties)
Monophoton @ 90%CL
m, D1 D5 D& D9 observed lower limits on the
1GeV 31 585 585 794 suppression scale Mx [GeV]
1.3TeV 5 156 100 188
Ruth Pottgen Kruger2012 4.12.2012 ﬁm
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ADD Limits 201 |

Monojet @ 95%CL
| Mp [TeV ] R [ pm ] lower (upper) limits on Mp (R) for
LO NLO LO _ NLO _ n=2—6 extra dimensions using SR4
21417 437 | 28 x 107 2.5 x 10
301332 345 | 48x102 4.5 x 102
41289 297 2.0 i 1.9 , central values
51266 271 [7.1x1072 7.0x10" . -
’ ' L L, 8 5 (=> w/o theoretical uncertainties)
6251 253 108x1072 0.8x10
Monophoton @ 95%CL
n | Mp[TeV .
o [TV lower (upper) limits on Mp for
2 1.93 . .
n=2—6 extra dimensions
3 1.83
4 1.83
5 1.86
6 1.89
Ruth Pottgen Kruger2012 4.12.2012 ﬁm
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Flectroweak Background 2012

- W(uv)tijets CR

- exactly | reconstructed muon
C40GeV < mTt < 100GeV

' remaining SR cuts

> LA LN NLANLENL N LA L L L NN (NN JNNLANNL AN LN AL N LN NN LN | ;‘ y I T T T I I T T T I T =]
@ - - - -
@ ATLAS Preliminary ~—*_ data 2012 s F ATLAS Preliminary ~—®~ data 2012 -
2 10° ~ , ——TotalBG  _ e 100 . — Total BG =
£ F LIE103h T EZ(—vv) +jets 3 5 F f Lat=105f0" [ Z (> wv) +jets 3
o - \s=8TeV -W(—”\')‘flets - 1 10° g Vs=8Tev W (—=1Iv)+jets =
L i CJZ(—= 1) +jets i . = C1Z(—=1)+jets 3
I Dibosons -%J._ 102 I Dibosons —
10 B+ singletop = 3 B ii+singletop S
- © 10 5
- ] _;I
10° 3
10"
Q sl R QL
a ! ~ s - e PR
8 0 5 I S 0 5 5. S T TN 54 © £ 6 S DSBS 4 & SIS ED DD S 56 S GG ENa: 66 56 Seaemmnt (QU 0 5
0 20 40 60 80 100 120 140 160 180 200 400 600 800 1000 1200
transverse Mass [GeV] ET° [GeV]
Ruth P&ttgen Kruger2012 4.12.2012 ﬁAﬂ
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Flectroweak Background 2012

Z(uw)tjets CR

exactly 2 reconstructed muons
76GeV < my, < | 16GeV

remaining SR cuts

> ET T T T T T 1 L L 3 s = T T T E
§ - ATLAS Preliminary ~— % data 2012 3 - ATLAS Preliminary ~®~ 'clj'atta|2|§é2 .
- [ v — TOta| BG 3 _.CB 103 = -1 — l0ota —
Ldt=10.5f" = Ldt=10.5fb . =
%10‘:— T DW(—'v'\’)*jetS—; E’ = f W (—=1v)+jets 3
z Ns=8TeV M7 (- Il)+jets — 02 Ns=8TeV [Z(—1l)+jets _]
- @l Dibosons 3 = @ Dibosons =
10° Bl i + single top 5 oL Bl T+ singletop
-
10? 1 = E
107 =
10 5 - ]
= ! ! ! | |

® © |
m 1.5 . D 1 5_+ ................................................................................... —
g 1 +-'-*'-\_..-"'-.‘+-’q-’-+++_ . ++ +++++ +++ E 1_-1_.__..,_.__.__'_"-}-—— .............................................................................................. |
o 05 4 8 0.5 —

60 80 100 120 140 160 180 200 500 200 600 800 1000 1200

uu invariant Mass [GeV] Egﬁiss [GeV]

2l
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Flectroweak Background 2012

W(ev)+jets CR

inverting the electron veto

no additional cuts since dominated by W

L L N
ATLAS Preliminary : .?.22;2&132
f Ldt=10.51" D Z(—vv) +jets
W (—=1v)+jets
Ns=8TeV [ Multi-jet
CZ(— 1) +jets
@ Dibosons
Bl i1 + single top

L L L L L IR LN B
ATLAS Preliminary —_+_ #ittzlzé’g

f Lat=105f" [ Z(—wv) +jets

AW (—=1v)+jets

\Ns=8TeV []Multi-jet
CJz(—=1)+jets
@ Dibosons
B it + single top

—_
o
>
TTTIM H

-
o
w

Events / 10GeV
2,

—
o
[\*]

10*

-
o

L 11 IIIII|
dN/dET™®  [Events/GeV]

—

I IIIIIll| I IIIIlIJJ I IIIIlIJ] I IIIIlIJ] I IIIIIlI|_|:

—_
o
w

—
Q

—_
o
N
-
Q
[\

(O]

m 15_ .................................................................................................................................... p— o

> 1= g e SN @ 1.5

‘Es’ [0 oY TP T P TRR — @ 1

= . . . . . . . . . 8 o5

0 20 40 60 80 100 120 140 160 180 - - - .
transverse Mass [GeV] 200 400 600 800 1000 1200
ET [GeV]
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Results - Monojets2012 oweasry

|

" event numbers

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 — tv+jets 87400 = 300 + 800 + 3700 5580 £ 60 = 190 £ 300 370 £ 10 £ 40 + 30 39+£4+£11+£2
W — ev+ijets 36700 £ 200 + 500 + 1500 1880 + 30 + 100 + 100 112+5+18+9 16£2+6+2
34200 %= 100 £ 400 + 1600 2050 £ 20 = 100 = 130 I58+5+21 %14 42+4+13+8

W — uv+jets

Z = TT+jels 1263 +7+44 £ 92 54+£1x9+5 13201 £1.3+£02 14x02£15+0.2
Z/y* (= pt ) +jets 783 +£2+35+53 26061 27+0.1+1.9+0.3 -
ZIy'(— eTe )+jels - - - -
Multijet 6400 £ 90 + 5500 200 + 20 + 200 - -
T+ single 1 26060 + 60 + 530 120+ 10 £ 20 Tx3x1 1.2+1.2+£0.2
Dibosons 815+ 9+ 163 83+3+17 14+1+3 311
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
Ruth Pottgen Kruger2012 4.12.2012 @
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Monophoton Event Candidate

from 201 | data

@
AENT
Run Number: 183003, Event Number: 90412055
Date: 2011-06-02 06:43:47 UTC

Frmiss = 446.9GeV
photon pt = 449./GeV

L Ruth Pottgen Kruger2012 4.12.2012



