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1 energetic jet + E;™*

Search for new phenomena in final states with
an energetic jet and large E;™ with ATLAS



1 energetic jet + E™S

Target of the search

Multiple interpretations:

O large extra spatial dimensions (LED)

O pair production of weakly interacting dark matter candidates (WIMP)
O production of very light gravitinos in a GMSB SUSY model

WIMPs are assumed to be produced in pairs, and the events are identified via

the presence of an energetic jet from initial-state radiation (ISR) yielding large
E miss
:
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1 energetic jet + E™sS

Background estimation

q

=

W-jets and Z(—wv )+jets backgrounds are estimated using MC normalized using data in CRs

Z/ 7 *(— 270 )+jets, t 1, single top, and dibosons are determined using MC

Multijet background contribution extracted from data

MC expectations provide a fair description of the shapes in data
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1 energetic jet + E™sS

Signal regions definition

Signal region 7:

at least one jet with p; > 120 GeV
no leptons
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1 energetic jet + E™S

SUSY interpretations
_anivwis020lols

Good agreement between data and SM expectations
Results interpretation in GMSB scenarios
O the gravitino G (spin-3/2 superpartner of the graviton) is the LSP

The gravitino mass as a function of squark mass for degenerate and non
degenerate squark and gluino masses (m(g)=1/2m(q))
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2 leptons + jets + E;™*

Search for SUSY in events containing a same-
flavour opposite-sign dilepton pair, jets, and
large E;™** with the ATLAS detector



2 SFOS leptons + jets + EMss

Target of the search
Off-Z On-Z

Search outside Z window for a Decays of squarks and gluinos
kinematic edge in dilepton (cascades) with Z bosons in the final
invariant mass Mg state

>2 or 4 jets, with or without b-tags Peak in the 17 ¢¢ distribution around
CMS found ~2.40 excess the Z-boson mass

large E;™, large H;, = 2 jets



2-leptons + jets + EM's

Bockﬁ round estimation

“Flavour-symmetric” processes dominant

Same-flavour (SF) contributions can be estimated using information from the
different-flavour (DF) contribution

O Data driven technique

Dominated by ttbar, and also includes WW, single top (W1) and Z—> Tt production
60 % in on-Z SRs

90 % in off-Z SRs

Z/v* + jets background
Consequence of artificial E;™** from jet mismeasurements

Important in on-Z search:
O Data-driven technique is used - jet smearing

Diboson background
Real Z boson production

While small in the off-Z regions, contribute up to 25% of the total background in
the on-Z regions




Off-Z + jets + E,m p

Signal and control regions definition -
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Control regions (CR)

. A Off-Z region E.Miss [GeV] nJet MIl [GeV SF/DF
designed to constrain d e [GeVl [GeV] /
the dominant
backgrounds SR-loose >(150,100) (2,=3) mge ¢ [80,110] SF
Validation regions
9 CRZ-loose >(150,100) (2,23) 80 < my < 110 SF
(VR) to check the
modeling CRT-loose >(150,100) (2,=3) mye ¢ [80,110] DF
CMS-like region
O SR-loose VR-offZ 100-150 =2 Mg ¢ [80, | 10] SF
§ 20-aAmLAS § ™ amas
= 200? \s=8 TeV, 20.3 fb_1 %44 Standard Model e F Vs=8 TeV, 20.3 'fb_1 %44 standard Model ]
; 180} VR_OffZ ee I:l Flavour Symmetric ; 250? VR_offZ uu I:l Flavour Symmetric ]
= E I z+jets e r I z-jets 1
g) 160 £ “' B "' :] Other Backgrounds g’ r "-' "* :] Other Backgrounds =
Y s0E ' 2-tep, m@ 77079, %) w2000 oA esop, i 71715, 7) |
—e— Datz R S ——_— ot TSI
1 00 } 5 'l — = (665,465,365,265) GeV : =— = (665,465,365,265) GeV
44444 standard Model B0 4f 100F- 47
60— ® C
Flavour Symmetric 40E g 501
20 s e - o . |1
- Z+jetS < (2) b ~ < g PP el - [ WA, m‘.
»w 1.5 - » 15 * ;
3 1 mpwwmvw‘//‘M//(W)//%%//// 0 E R I N Y O .
Other Backgrounds 8 o o ///f 8 o . ¢ /gf
00 50 100 150 200 250 300 00 50 100 150 200 250 300

m, [GeV] m, [GeV]



Off-Z + jets + EMs

Signal region definition
arxiv:1503.03290

v/l
Z-boson mass window is vetoed, 2 regions defined: D ’ é/u
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o Mgy > 110 GeV
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Events/ 10 GeV
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Off-Z + jets + E;™*
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Off-Z + jets + E;™*

SR-loose
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Off-Z + jets + E;™*

Interpretations
- anqwl50303290

May be produced in the cascade decays of squarks and gluinos
via several mechanisms
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On-Z + jets + E;™

Event selection
T ankiva1503.03290

At least two leptons (electrons or muons) oppositely charged
At least 2 jets

Z boson mass window 81 < myy < 101 GeV

E,mss > 225 GeV

.

HT > 600 GeV HT _ Zip]l(jlt,i _i_p}l?pton,l _'i_pll?ptonﬂ

do (jet, Em=) > 0.4

O reject events with jet mismeasurements




On-Z + jets + E;™*

Control and validation regions -

bS]

10

—_

=y

o

WWW”WWW,W/%///M%

Data / SM
ocUlLOIN

}‘H

H‘HH‘\\H‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘{

0

10 20 30 40 50 60 70 8_0 90 100
ET*® [GeV]

e
o
N

10

—_

ey

e et s

| \\\‘\\\\‘\\H‘H\\‘\\H‘HH‘HH‘HH‘HH‘{
20 30 40 50 60 70 80 90 100

ET [GeV]

o
ocuLuin

O

Data / SM

—_

arxiv:1503.03290
E_rl_niss
SR-Z
(Hr > 600 GeV)
* °
Z/ v *+jets background |
ta-driven techni i
data-driven technique is used VRT VRT
O Jet smearing (Hr > 500 GeV) (Hr > 500 GeV)
Validated in VRZ 150 GeV
3 PRI g | s vRz
O , 4l E-8Tev,20310" 4% StandardModel | O 4| E-8Tev,203f" % StandardModel | (H; > 600 GeV)
: 10 E VRZ ce I Z+ets (Jet Smearmg); : 10 E VRz e I Z+jets (JetSmea.rlng)g
) EAq)(jet £ 504 %gltahvou‘;&;(mmetr: 7 @ EA¢(jet £ 504 [ Flavour Symmetric 7 I
£ B 12T er Backgrounds | = r 12707 [ Other Backgrounds | |0 GeV )
m10° ERRCS E 15 GeV 81 GeV 101 GeV m,

—@®— Data
% Standard Model

Flavour Symmetric

- Z+jets

Other Backgrounds




Good agreement in CRT and the VRs
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Events / 2.5 GeV

On-Z + jets + E™m'ss
Signal region

arxiv:1503.03290
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On-Z + jets + E;™*

Signal region
- oniv15030300
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On-Z + jets + E;™

Interpretations

arxiv:1503.03290
GGM model:
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All other sparticles are set at 1.5 TeV

the gravitino is the LSP and the NLSP is a higgsino-like neutralino
The higgsino mass parameter, |, and the gluino mass are free parameters

Gaugino mass parameters, M, and M,, are fixed to be 1 TeV

L is set to be positive to make the dominant NLSP decay

tan B = 1.5 (left) and tan 3 = 30 (right)

p

Results in SR-Z ee and SR-Z u are considered simultaneously

GGM: higgsino-like i?; tanp = 1.5, M1 =M, =1TeV, m@)=1.5 TeV
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Combination 0/1-lepton + jets + Emiss

Combination of searches for strongly-produced
SUSY particles with the ATLAS detector

Statistical combination of all-hadronic and one-
lepton analyses targeting scalar top pair
production with the ATLAS detector



Combination 0/1-lepton + jets + E;™=
sq/gl searches

ATLAS-CONF-2015-011
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Combination 0/1-lepton + jets + E;™

stop searches
. ATLAS.CONF-2015010
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Run-2 expected sensitivity

Expected sensitivity studies for gluino and squark
searches using the early LHC 13 TeV Run-2

dataset with the ATLAS experiment
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Run-2 expected sensitivity
O-lepton + jets + Emss -

ATL-PHYS-PUB-2015-005

Discovery reach in Run-2 is expected to be greatly enhanced due to LHC going
from 8 TeV to 13 TeV

Understanding when our 13TeV discovery potential will surpass our 8TeV limits
for several analyses

ATLAS Simulation Preliminary SR5j, m_(incl.) > 2400 GeV
1 02 | eff

Ldt= 21fb" Vs=13 TeV — SMToa
f = 8= e - - - g9 direct, m(g, )Z(‘)) (1350, 0) Ge

......... 3 direct, m@, @:(1500, 0) Ge

Analyses similar to Run-1

. . o . . V
O Same discriminating variables: m_g, y

events / 100 GeV

ETmiss, d (b (ietl ETmiSS)I ETmiss/meff'" i -;:;t)s& single top i
n W+jets
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Signal region Sjet selection: - > _
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miss
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m g > 2200 GeV 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
mex(incl.) [GeV]

(m ]
O Electron and muon veto
(m]
(m ]
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Discovery p

Run-2 expected sensitivity

O-Ie:’ron + "e’rs + Eim'SS v K
ATL-PHYS-PUB-2015-005

Various assumptions on the integrated luminosity (1, 2, 5, or 10 fb™')
O LHC is expected to deliver 2 fb! by the summer of 2015, 10 fb! in the first year of Run-2

Uncertainty on the total background prediction is assumed to be 20% as in Run-1
O Also consider a conservative scenario with the total background uncertainty of 40%
Several signal regions defined

20% background uncertainty 40% background uncertainty

10 o 10
miss

ATLAS Simulation Preliminary Discovery reach, 0-Iept0n+jetS+ET

miss

ATLAS Simulation Preliminary Discovery reach, 0-Iepton+jets+ET
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With an integrated luminosity of 10 fb-!, 3 0 evidence can be

Excluded with Run-1

obtained for a gluino with a mass of 1600 GeV
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Run-2 expected sensitivity
] -lepton + jets + E ™S

q q
ATL-PHYS-PUB-2015-005

Analysis similar to Run-1

| mr = \2pLERS (1 - cos|A¢(Z, ps)])
O Same discriminating variables: m g, E;™, m;...

lepton Z jet nuss
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Conclusion

Still new interesting papers from ATLAS with Run-1
datal

O Filling gaps, finishing complex searches

O Excess in on-Z + jets + E;™* search!!

Need to follow it up in Run-2!

In parallel getting ready for 13 TeV data



Back up




1 energetic jet + E™S

Control reﬂions

Table 3 Summary of the methods and control samples used to constrain the different background contributions in the
signal regions.

Background process Method Control sample

Z(— vv)+jets MC and control samples in data Z|v* (=t ), W(— ) (£ =e,p)
W(— ev)+jets MC and control samples in data W(— ev) (loose)

W(— 7v)+jets MC and control samples in data W(— ev) (loose)

W(— pv)+jets MC and control samples in data W(— pv)

Z[v*(— Y€ )tjets (£ =e,pu,T) MC-only

tt, single top MC-only

Diboson MC-only

Multijets data-driven

Non-collision data-driven




1 energetic jet + E™S

WIMP

Name | Initial state Type Operator
C1 qq scalar ]\”}—% Y xqq
C5 qg scalar M2 Yy (G% )?
D1 qq scalar E—% XXqq
D5 qq vector Mif X7 X979
D8 qq axial-vector MLE XYY XTVu Y q
D9 qq tensor J\}f X" xq0 .9

D11 qg scalar ﬁ)}XaS(GZV)Q




1 energetic jet + E™S

WIMP
-

L | 1 0 28 T T TTTT T T T TTTT L | 1 0-26
& I I T T ||||||| & T ||||||| T T ||||||| T T |||||||
TLAS 90% CL I DAMA/LIBRA, 30 S ATLAS 90% CL — COUPP 90% CL
S 103E-, pi- %4 /s=8TeV, 20.3b" 58555&; 2o O, 1028 B u D8: 34"y 5xay ¥°q  V5=8TeV, 2031 — SIMPLE 90% CL
) — O,
5 D5:%y"@r,q,  + Ct: X @ CDMS, 1o S v D9: 70" 0,4 PICASSO 90% CL
= -32 D11 G G C5: viyG G I CDMS, 20 = -30 N — Super-K 90% CL
O 10° ¢ XX + X" v CDMS, low mass [&] 10 — - truncated, coupling = 1 IceCube W*W" 90% CL
8 aaE truncated coupling =1 — LUX 2013 90% %L 8 - truncated, max coupling —CMS 8TeV D8
— Xenon100 90% CL -
@ 107" - -- truncated max coupling oS ETev De @ 10
3 § CMS 8TeV D11 3
S 1036 Tk = 4034
c 10 c 10
(CD (CD 36
o1 @ 10
S S
F g 10-38 ) v
o o v’
= =10 e —— e T e e el
S R —————
-42
10
spin-independent spin-dependent
10'46 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 10-44 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII|
2 3 2 3
1 10 10 10 1 10 10 10

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



1 energetic jet + E™S

WIMP

— T T T T T TTT T T T T T TTT T T T T T TTT
2 1018 ATLAS 95% CL Vs=8TeV, 20.31b"
g 1 0-19 —— 2 x ( Fermi-LAT dSphs (XX)Majorana_> uu, 4 years)
A 1 0_20 —— 2 x (HESS 2011 (XX)Ma'orana% qﬂ, Einasto pr.oflle)
o —— 2x (HESS 2011 (xx)..  — qqg, NFW profile)
> 10_21 D5: 7 u _)( _)Majorana
- LY ngv_uq > U0
%1022 o D8 Xy vy, vha = (),
K4 A-23 — — truncated, coupling = 1
\9 1077 ____. truncated, max coupling
1 0'24 ——— thermal relic
-26 = -
1 O -— — - _-m- -
10-27 ///r'//
102~ .-
10298 -~
100
'31 | | IIIIII| | | IIIIII| | | IIIIII|
10 5 3
1 10 10 10

WIMP mass m, [GeV]



On-Z + jets + E;™

Control reﬁions

On-Z E',;“SS HT njets My SF/DF
Region [GeV] [GeV] [GeV]

Signal regions

SR-Z > 225 > 600 > 2 81 < mygp < 101 SF

Control regions

Seed region - > 600 > 2 81 < mye < 101 SE
CReu > 225 > 600 > 2 81 < my, < 101 DF
CRT > 225 > 600 > 2 mee & [81, 101] SF

Validation regions

VRZ < 150 > 600 > 2 81 < myge < 101 SF
VRT 150-225 > 500 > 2 mep & [81,101] SF
VRTZ 150-225 > 500 > 2 81 < myge < 101 SF



Events / 25 GeV

on L + jets + met
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Jet Multiplicity



Events / 25 GeV

on L + jets + met
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: Feb 2015 Vs=7,8TeV
Model &[Ty Jets ET™ [Lanm™] Mass limit Reference
T T T T T T T T I T T T T T
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 3,8 1.7TeV m(g)=m(g) 1405.7875
37, G—at) 0 26jets  Yes 203 |3 850 GeV m(@))=0 GeV, m(1* gen. g)=m(2" gen. q) 1405.7875
@ 4y, G—qX) (compressed) 1y 0-1jet  Yes 203 |d 250 GeV m(@)-m(E@) = m(c) 1411.1559
S g e—aat) 0 2-6jets Yes 203 |2 1.33 TeV m(¥})=0 GeV 1405.7875
S 27 §oaaki —aqWER) lep 3-6jets  Yes 20 |z 1.2 TeV m(¥})<300 GeV, m(¥*)=0.5(m(¥})+m(z)) 1501.03555
cq'? 28, gaqq(ff/fv/vv))?? 2e,pu 0-3 jets - 20 4 1.32 TeV m(E))=0 GeV 1501.03555
v GMSB (£ NLSP) 1-27+0-1¢ 0-2jets Yes 20.3 g 1.6 TeV tang >20 1407.0603
D GGM (bino NLSP) 2y - Yes 20.3 g 1.28 TeV m(¥})>50 GeV ATLAS-CONF-2014-001
% GGM (wino NLSP) leu+y - Yes 4.8 m(t))>50 GeV ATLAS-CONF-2012-144
£ GGM (higgsino-bino NLSP) % 1b Yes 4.8 m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets  Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 20.3 F'2 scale 865 GeV m(G)>1.8 x 1074 eV, m(z)=m(g)=1.5 TeV 1502.01518
=G F—bbY) 0 3b Yes 201 |% 1.25 TeV m(P)<400 GeV 1407.0600
R g1t 0 7-10jets Yes 203 |% 1.1 TeV m@@)) <350 GeV 1308.1841
® S Fo1i¥) 0-1e,u 3b Yes  20.1 F4 1.34 TeV m(¥})<400 GeV 1407.0600
CoRd FobiX] 0-1e,u 3b Yes  20.1 g 1.3 TeV m(¥})<300 GeV 1407.0600
w e bbb —>b)(1 0 2b Yes 201 | B 100-620 GeV m(¥})<90 GeV 1308.2631
<. bbb _>t,v1 26,1 (SS) 03b Yes 203 |[& 275-440 GeV m(ET)=2 m(e)) 1404.2500
g S hf, i—bhT 1-2e,u 1-2b Yes 47 | #H10167GeV | 230-460 GeV mFE) = 2m(t)), m(E))=55 GeV 1209.2102, 1407.0583
®Q A, h —>Wb)21 or it} 2e,p 0-2jets Yes 203 |#& 90-191 GeV 215-530 GeV m(E))=1 GeV 1403.4853, 1412.4742
-1 i, t1—>9(1 0-1e,u 1-2b Yes 20 2 210-640 GeV m(t))=1 GeV 1407.0583,1406.1122
DB 7, okl 0 mono-jetictag Yes 203 | & 90-240 GeV m(R)-m(¥))<85 GeV 1407.0608
§ﬂ % 7171 (natural GMSB) 2e,u(2) 1b Yes 203 |7 150-580 GeV m(¥))>150 GeV 1403.5222
by, - +Z 3eu(2) 1b Yes 203 |%@ 290-600 GeV m(¥})<200 GeV 1403.5222
O ROLR, N4 2epu 0 Yes  20.3 7 90-325 GeV m(E))=0 GeV 1403.5294
XX, X = Pv(tw) 2e,u 0 Yes 203 | i} 140-465 GeV m(E))=0 GeV, m(Z, )=0.5(m(¥7)+m(¥})) 1403.5294
> 5 XXX ST 27 - Yes 203 | X 100-350 GeV m(¥})=0 GeV, m(z, 7)=0.5(m(¥} }+m(¥})) 1407.0350
T T =T VI L), (VT L) 3epu 0 Yes 203 |X5LA) 700 GeV mE¥T)=m(F3), m(E))=0, m(Z, %)=0.5(m(¥; )+m(¥})) 1402.7029
S Xit-wizi) 23ep  O2jets  Yes 203 |FELE 420 GeV (T )=m(¥2), m()=0, sleptons decoupled | 1403.5294, 1402.7029
)Eg{?g—:gl/)??h}??, h—bb/WW/tt/yy &MY 026 Yes 203 |FB 250 GeV m(¥)=m(¥%), m(E})=0, sleptons decoupled 1501.07110
X3X3, X253 —0R( dep 0 Yes 203 | X3, 620 GeV m(E3)=m(¥3), m(¥1)=0, m(Z, #)=0.5(m(¥3)+m(¥})) 1405.5086
Direct ¥ X prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 | X 270 GeV m(¥)-m(¥))=160 MeV, 7(¥5)=0.2 ns 1310.3675
E 8 Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 g 832 GeV m(E))=100 GeV, 10 us<7(z)<1000 s 1310.6584
=G Stable g R-hadron trk - - 191 |& 1.27 TeV 1411.6795
25 GMSB, stable 7, ¥ 7@ p+r(e.p) 12K - - 191 | 537 GeV 10<tanB<50 1411.6795
S 2 GMSB, )—yG, long-lived ¥ 2y - Yes 203 |& 435 GeV 2<7(¥})<3 ns, SPS8 model 1409.5542
33, ¥1—qqu (RPV) 1, displ. vix - - 203 | 3§ 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—v: + X, Vr—e +u 2e,u - - 4.6 3“_0 10, 4,3,=0.05 1212.1272
= Bilinear RPV CMSSM 2e, 1 (SS) 0-3b Yes 20.3 7.8 1.35 TeV m(¢7)=m(§), cTrsp<1 mm 1404.2500
& L, S WR, X —eev,, e, dep i Yes 203 | ¥ 750 GeV mEY)>0.2xm(F}), 121 %0 1405.5086
T w0 sy, e, Ben+T - Yes 203 |& 450 GeV mE))>0.2xm(¥5), 1330 1405.5086
&—49499 0 6-7 jets - 203 |2 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—ht, fi—bs 2e,u(SS) 0-3b Yes  20.3 I3 850 GeV 1404.250
Other Scalar charm, ¢—ct} 0 2¢c Yes 203 |z 490 GeV : m(P})<200 GeV 1501.01325

=8 TeV -
- - ‘inll dat: 107! 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



MmMSUGRA summary

MSUGRA/CMSSM: tan(p) = 30, A0 =-2my, u>0 Status: ICHEP 2014
';‘ 1000 [ I [ | | |L\I TT T | | | | I | | | | | I I I I I | I I I I |
2 = A S 95% CL limits. o32SY not included. -
o, —LSP ‘Prelimi A0 |
S 000 [ ATLAS Preliminary -- gﬁiﬁiﬂ 0-lepton, 2-6 jets -
- — Ldt=20.1-20.7fb", fs =8 TeV - arXiv: 1405.7875 g
e - f 2 - = Bxpected g jonton, 7-10 jets —
— \ me= Observed  grxiv: 1308.1841 -
- - = Expected . —
Ly \ 0-1 lepton, 3 b-jets
800 — - 1 \ me Observed gy 14%7.0600 J ]
B e U _ ~~ Bwected 4 |opton + jets + MET 4
T o ON N Ly T = we== Observed AT AS-CONF-2013-062 —
— - - Bxpected 4 5 taus + 0-1 lept. + jets + MET —
700 — —(E)bser‘t’ej arXiv: 1407.0603 ]
L xpected - 535/3 eptons, 0 - = 3 b-jets _|
L Observed ;. 1404.2500 J _
600 — ]
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gg production, g— tf%?, m(g@) >> m(g), /s =8 TeV ICHEP 2014
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T, production, T = b %, /T—c%, /T—Wb% /T—

Status: Feb 2015

ATLAS Preliminary
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T, production, T,— ¢ %, /T— Wb % /T—t%,

Status: Feb 2015

ATLAS Preliminary
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TT, production, T— b 1% /T, Wb % /T—t %] Status: Feb 2015
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T, production,t, - b7, %= W' %, m. = 300 GeV Status: ICHEP 2014
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T, production,t, = b’ X X — W X ,  ATLAS Preliminary, L, =20fb"Y{s=8TeV, Status: ICHEP 2014
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ATLAS Preliminary

20.3fb" [s=8 TeV

Status: Feb 2015
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