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R TRIUMF

Run-2 Data in 2015

* (Generally smooth operation:
3.2 tb-1 good for analysis

* New “Insertable B-layer” in
pixel detector

* More complete coverage with
additional muon detectors

* Fraction of live channels even
better than Run-1

* And, of course, substantially
higher energy (8 —13 TeV)!
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) R TRIUMF

LAS

~ Outline: what to do with a relatively small
data sample at a brand new energy

WJS2013
100 ———— : — : —
e Strong interaction: squark / gluino pairs F ratios of LHC parton luminosities: 13 TeV / 8 TeV /J/.'
i ,.'
/
* Steep cross-section increase from 8 to 13 TeV | —ug >10x at high mAss |]
g | Faa |
e Consider possibility of compressed scenarios 2 10} - §
with long-lived sparticles 2 1E
5 :
rd _
* 3 generation squark searches very
important (theoretically motivated) S TIE00ENLO
' 1 100 1000
» But stop searches covered in talk by M, (GeV)
Bertrand Martin d.L. so explicitly not Cross-section ratio: 13 TeV /8 TeV
InClUded here’ WI” tOUCh on SbOttom Mi”im”mwt::ij ‘1;2‘-6 Substantial discovery potential for
Z(y ':'7 high-mass objects already with 1 fb™
. . . . t(s-chann:lz) ‘22’?2 m(system) > ~2 TeV
* Talk arranged approximately in increasing cchame) s NER—
. WH 12.0 2 1
order of complexity H(egF) o 23 S
H (VBF) J2.4 o
tt ’3.3 o
. ttZ ’3.6 g
 Goal is NOT to show all results, but to . 39 =
illustrate analysis strategy, reach
'(T) - )56
QBH (5 TeV) ) 370
QBH (6 TeV) J 9000
|. Trigger, TRIUMF Blois 2016 ' N '°° e 3


https://indico.cern.ch/event/464174/contributions/1138056/
http://www.hep.ph.ic.ac.uk/~wstirlin/plots/lhclumi7813_2013_v1.pdf
https://cds.cern.ch/record/2002256/files/CERN-RRB-2015-024.pdf

1939 R TRIUMF

Jets

Strong production:
squarks or gluinos have large cross section if they are “light”;
If cross section large enough, 2015 data surpasses Run 1 limits;
simplest decays contain only jets and missing Er

|. Trigger, TRIUMF Blois 2016 4



@ 2 TRIUMF
2-6 jets & ETm‘SS no leptons

EXPERIMENT

P
Start simple:
e assume only gluinos (or only p
squarks) and LSP light
o 2-0r 3-body decays to quark jets
and LSP
% : T I T T T T l T T T T T T T T I T T T T I T T 1 T I :
- : : : - SRdjt ]
« also consider intermediate light & | artae 1 ¢ Data2015 -
: o \s=13TeV, 3.2 fb —— SM Total
Charglno S 1025_ -Wﬂ-e:;a —5 _ 1400ggproductlon g—>qqx e
%) C [ ] tt(+EW) & single top . E ATLAS I : : I__ Ol;se edll it (+1 slusv) ]
. ' 5 +] 1 = e rved limit (+105.00) ]
e 7 signal regions depend on o Egi;i':on 1 & 1200-—0Iepton+261ets+1E ..... Expected i :10,)
number of jets (2, 4, 5, 6), = ” - -~ 55 direct, N ol EiBTeV. 300 ATLASBTeV, 2030
compression of mass spectrum i Ayiat1400.0) . Altmisatsoec 3
(loose, medium or tight 0 800 X\ e
background rejection) “" 1 b s =
18 s T - S, ]
- I - s N, =
 Analyses all based on cut on m_g, o L -
(scalar sum of p; of N leading jets 5 2 ; 200 B
miss S B R RS R e e e e o B [t ) ) e e G e & B ]
andE ) o 11— %z/////ﬁ/j//////y/jz////'///////////////////// C ,1[1111111111111111111*2 :;Ellllxllnn_
A S < L pullli oy, il Ll (7777 77777 2 e %0 400 600 800 1000 1200 1400 1600 1800 2000
8 05..5._ ......................................... __+. ............................................................................................... mélGeV]
°F

1000 1500 2000 5500 3000 3500

e Exclusions to 1-1.5 TeV, generally m, (incl.) [GeV]
eff Y

exceed Run-1 limits

|.Trigger, TRIUMF Blois 2016 5


https://arxiv.org/abs/1605.03814

@ 2 TRIUMF
Generic Analysis Strategy

EXPERIMENT

> B SO AR N IR TRE T R I L B T LT > I TR
8 103—- ATLAS CRy for SR4j = 8 ATLAS CRW[;MS;M:S
§ E \s=13Tev, 321" i 2:;2::5 ; § \s=13 TeV, 32 fb" i S:an:; 1
; N B reiets ; Wijets _ 3
» Signal Regions (SR) optimized e.g. for higher or lower ngg e 5 — i
masses or larger or smaller mass differences between 2l D2ses H —fov I
strongly produced SUSY particle and LSP 10E -
» Control Regions defined for each SR and each major 18 :
background (top, W/Z+jets, multijets... in this case, 4 CR o S o
s = . . = o
for each SR) . s %WW / MM/@ E fézw@y/ff%ﬂ’wf// %%%é
. ° =600 1500 2000 2500 30004 3500 e °=3600 1501 2000 2500 3000 3500
» orthogonal to SR - myy(inl.) [GeV] myy(incl.) [GeV]
> LA SRR S PN TR X S PR 0%, K TR B S . GO, R Y [N UL
(] . ]
. : L , > O ATLAS Colkrie, 321b"
* minimal Signal contamination and maximum statistics g 1513 TeV, 321" Rl g 2 ‘ g
= [ t(+EW) & single top = g ~
o ] ] . z I Weiets 3 c ’g
* similar systematics & kinematics to SR : ~ S 2 am &
son a) | 1723
S . °
. . m S
« fit for major backgrounds and extract scale factors > |
. . . . . wn 4jt -1.0
from fits to apply in SR and Validation Regions
Sj
 Validation Regions (VR, orthogonal to both SR and CR, Q . )/ &im
and with little signal contamination) used to cross-check £ o LAY //f/////// wl a0 0
background estimations from CR fits " T000 TE00 2000 2600 K S o
i . VRZ VRW VRWv VRT VRTv VRQa VRQb
. . Validation region name
« Then compare number of events predicted in SR from all i T b eaented

#4444 SM Total
Vs=13TeVv,32fb" [ W+jets
1 f(+EW) & single top
[ Z+jets
[ Diboson
. Multi-jet

fitted backgrounds (plus smaller ones taken from MC) and
with number in SR in data

* Limits then set on new physics: background-only, model-
independent and model-dependent

Data/SM Total

|. Trigger, TRIUMF Blois 2016 N 6


https://arxiv.org/abs/1605.03814

) oo 2 TRIUMF
Monojet & large Exmiss

~——— Standard Model
6—Vs=13TeV,3.2fb" B Z(— vv) +jets
Signal Region W(— ) + jets

s s, B W( uv) + jets
p,>250 GeV, E**>250 GeV —— e

BN Z(— 1) + jets

Events / 50 GeV

e Very compressed mass
spectrum scenarios: small
squark-LSP mass difference

I Dibosons
I tt + single top

-=-- m(b, 7) = (350, 345) GeV
eonew (mm‘, M"_)= (150, 1000) GeV
ADD, n=3, M_=5600 GeV

 Consider light squark and : ;
sbottom pair production (also 001 -
stop to charm), with ISR jet R e

Data / SM
- (6]
P
€ |
.
.
°
.
-
L —

—o—
Nl

* Fit 3 main backgrounds: Fproducton &, 55, producon, 5 b7

W(ev)! W(pv)/Z(w)+jets 8 2 NN 18 ?Z B ;
Eﬁj 20— — E‘3?(_—16— —

e (Z—up is proxy for Z—w) ¢ 18 18t ;
16 — C 1

. . . 14- ATLAS 1 2 anas :

* 13 Slgnal reglons deflned by 12 =13 Tev, 321" - 10 [ 5=13Tev, 321" 8
Er7 thresholdsfranges from o wmeese | e :
250 - 700 GeV e U U e L O

—'l | 58 Bl ¢ lllJJJl | l 11 | l Lespe= II l‘\l 1 I_ —1 11 1 11 11 1 | | 01 S e | 11
400 450 500 550 600 650 70 100 150 200 250 300 350 400
my [GeV] me [GeV]
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http://arxiv.org/abs/1604.07773

@ R TRIUMF
2 b-jets and Eqmiss

EXPERIMENT
T 45 USEELTEL S N AT DR SR FRELEC N SR S ST DL TR B PR L
> b’,éx?%
b

ATLAS-CONF-2015-066

(é') 40 ATLAS Preliminary e Data

. rd . - S 21p’ NN SM total
e Light 3 gen sparticles favoured - cancel heavy ? o B AT ST A e
quark terms in Higgs mass self-energy corrections ” B NG m—
NT o5 RN — — m(b)=700, m(F’)=1
SRA250
* Stop searches covered in plenary talk by 20
. 15
B.Martin.d.L. o
M H . 5 —_ s =% L il s
* Focus here on simple sbottom pair production. o, el P ———
Currt],-sks)ased SR requires 2 b-jets in events passing - O S
| . ~ ks
E;  trigger: g E _f,,',ff_,',.*._‘f.f_,',f}f.,'._‘._',.'.I_.'._'ff._'if._‘,.‘.f.i;.'.,',_‘..'_f;'f_f.,',f+_’.f_T,_'_T,f.,'_f,,'._'.,'f.i.',,'..'j..'.,',.'..',,',.'..',,'..'.
miss % "0 200 a0 400 '56%' '[ée's?o
« E;  >250 GeV, m_>200 GeV o
S5 Bottom squark pair production, 61 -b 2?
. " = RARKA AT RAALS LAY AR | jFE imit (1 o5YSY
* "Contransverse mass'>250 GeV S [ ATLAS Preliminary |7 o imt (100
‘ » () I Expected limit (+1 6,,)
m%T(m, vy) = [Ex(vy) + Ex(vy)]* - [pr(v) —17T(_L'2)]2 € [ \s-13Tev, 321" ;
600 E— Pr— ATLAS E™ + 2 b-jets, 20.1 fb”, ¥5=8 Tev]
500 ; Best SR ATLAS monojet, 20.3 16, 15=8 TeV _g
« 2nd signal region focuses on small Am : .
region, requires ISR jertn,(SE)T>BOO GeV) to F | Fou BN :
: | x .
boost sbottom pair, E; >400 GeV 300 =
200 .
« Slight deficit seen in all SR; stringent limits P E
0:....1... [ I PP I “11..."'1:"-. P
100 200 300 400 500 600 700 800 900 10001100
m; [GeV]

|.Trigger, TRIUMF Blois 2016


http://indico.cern.ch/event/464174/contributions/1138056/
https://cds.cern.ch/record/2114833

@ 2 TRIUMF
3 (or more) b-jets and E;™'ss

EXPERIMENT

e Pair-produced gluinos decaying via virtual 3 _f T T T T T TS
0] 7_— ATL A S \\:\\\ Data 2015 -]
sbottom or stop o [s=13Tev,32fp" S5 Totalbackgound
D gL SR-Gbb-B (R _
) - [_] single top 7
. i T r B Wiz ]
4 b-jets (=3 tagged) and E;"° S 5 — -
L C [ Weets .
. 4:— * I Others —:
: MmiISS iy N m,m_,= n
* 4 b-jets (=3 tagged), Er""° and additional £} o~ 1400,800_
decay products of W-bosons from the 4 NN
. ke
tops (0 or =1 lepton and many jets) .
1=

 Several signal regions for each final state, oo =

700 800
targeting increasingly compressed scenarios ET** [GeV]
* Observe slightly fewer events than expected I e

(also in validation regions) so limits 8 ATAs T Dmeemae 1 g Ramas T Dl
somewhat better than expected, 1.78 TeV for Gl s oz oo oot 155 3
sbottom and 1.76 TeV for stop, for E E
M(neutralino)<700 GeV E E

1000 1200 1400 1600 ::](E%) [Ge\2/(100 1000 1200 1400 1600 ::](E%) [Ge\Z/(joo

|.Trigger, TRIUMF Blois 2016 9


http://arxiv.org/abs/1605.09318

@ 1602.06194 @TRI UME

L

EXPERIMENT

7-10 jets & Ey™*° (no leptons

Z/h
{(lr
* |f more complex cascade decays of gluinos
allowed, produce more jets (po§S|b|y including M\,'
b-jets), but potentially less E;
Use high-multiplicity jet tri ' 3 . AuAs o aom
se nign-mu J[Ip ICILY Jet triggers: S, 15=13TeV, 321" %% Total background
310 SR 10j50-0b ] Multijet (=6-jet data) =
Z C CJtt—aqll ]
. s B EEW - +jets
e 6 jets of pT>45 GeV G 102 N
E % e PMSSM benchmark 5
- - . T 2-step benchmark
. . - o e
« 95SR: 8, 9or 10 jets of which O, 1 or 2 i s P :
b_tag ged “
10
e« or50f pT>70 GeV § 1;;_ - /
* 6 SR with 7 or 8 jets of which 0, 1 or 2 § 2 2 1Ef,,55/1§HT[;388V122]o
b-tagged
) PMSSM: M =60 GeV, tanp=10, u<0, M,=3 TeV, m(G)~5 TeV, m()=5 Tev gg. g—>quZx me,)=[m@+m(;)y2, m(x) lm(x) m(x 2
o miss 5 o ooy ATAS
Cut-based analyses, discriminant E; /\IHT O [ f Towmenay e £ oo
3%: 600% Al Iimnts%%CLé
e H; = scalar sum of jet p; s LD :
Gluino masses up to 1.4 TeV excluded in large oo == Expec?’edjﬂcg | M E
. . . . - == Observed (+165.5') i ] 200: 1 =
I’egIOnS in these Slmpllfled models 2026;"1'0'02)"1‘1'06"1'2'0'0"1'3'06"1';;;0'”0'54:{5106“1'5‘06"Soo 19056500 10001100 1200 1300114003‘1‘506“{60‘0‘ 1700

m(g) [GeV] m(g) [GeV]

|.Trigger, TRIUMF Blois 2016 10


http://arxiv.org/abs/1602.06194

1939 2 TRIUMF

EEEEEEEEEE

Jets with Leptons

Strong production, with electroweak particles in the
cascade decays leading to final-state electrons or
muons, greatly increasing trigger efficiency

|. Trigger, TRIUMF Blois 2016 11



1 lepton, jets & Exmiss

R TRIUMF

EXPERIMENT
14— T T

» Pair-produced gluinos decaying via light R Y

Vs=13TeV,3.21b"
Signal regions

B W+jets

B Diboson

W Single top
Others

charginos

Number of events
o>

* 3-body decay via virtual squarks; one
final-state W(*) decays leptonically,

'|III|III|III|HI[IH

along with up to 6 jets and E; g g ..........................
miss . . o « « « « o o
 E; trigger (70 GeV in trigger, 200 GeV =)
offline) lets very soft leptons be included
* Several ET _dependent Val’lab|eS (mT’ E " ATLAS =-Data =\l§li;{:§§n WWE 7, % = (%) - m(E)) ) / (m(@) - m(z) ) = 172
He, Mg, ET ) used to define 6 SR: S AP E s eE " 700 M i op émmf_' mAs_
g [ m(@F 77)=(1105,865,625) GeV Eqi 200 - :_e/:sTJ:/s S:b ? [ 5y :::: _f
» soft lepton & =2 or =5 jets; hard lepton 2 ° W —s g
& >4 (2 variants), 5 or 6 jets o[ #mmamn o =

 |nterpretation in several simplified models
with assumptions about relations between
sparticle masses

Data / SM

100 150 200 250 300 350 400 450 500
m; [GeV]

|.Trigger, TRIUMF Blois 2016
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400 600
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800 1000 1200 1400 1600 1800
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12


http://arxiv.org/abs/1605.04285

@ ; 3D ATLAS-CONF-2015-082

ATLAS

EXPERIMENT

Z(—ll) & Jets, Eymiss

e Similar to previous, with both
neutralinos light, and Z replacing W
in final state

 One Z decays leptonically, along
with Ef' " and several jets

* In signal, both leptons come from Z-
decay, so same-flavour. Control 5P
sample with different-tlavour leptons
used to estimate e.g. top-pair
background.

. Cuts: E;™* >225 GeV, Hy>600 GeV.
njet322, 31 <m||<101 GeV define
signal region

|.Trigger, TRIUMF Blois 2016

R TRIUMF

g

p

—— Dat; 2015
%44 Standard Model (SM)
i 2
] Flavour symmetric
[] Rare top
[ wzzz
ATLAS Preliminary
\s=13TeV, 3.2 b

lllllllllllllllll

I

|

v b by 1y &S L gy

600 700 800 900 1000 1100

1200

1300 1400
m(g) [GeV]
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https://cds.cern.ch/record/2114854

1939 2 TRIUMF

ATLAS-CONF-2015-082

/(— I+ Jets, ETm'SS (cont o’)

EXPERIMENT

L > - 3
> ’ C ATLASPrellmmary—O— Data 2015 _I 0] Z ATLASPrehmmary—O— Data 2015 Z
(5 6: \s=13TeV,3.2fb" %% Standard Model (SM) ) 25_ \s=13TeV, 32" %% Standard Model (SM) _]
. B 14[ SRZeesn B zr tomyiess 1 N 7T sRzeesu B 27 (omysiets) ]
2 1 eve n 'tS O b S e rve d | n ~ E [ Fravour symmetric E 1) i [ Flavour symmetric ]
Q 1 2 — |:| Rare top ] C 20__ :] Rare top il
g C CJwzzz ] g’ C [ Jwzzz ]
SR 1 O ee 1 1 Lﬁ 10:— —m(gx) (920230)GeV—_ Ll 15“_ —m(gx) (920,230) GeV
) l-'l U giLtl| 00 = m(3%)=(940,660) GeV - . e m(§%;)=(940,660) GeV
6kl 1 10F e 7
4 . : Eﬁ—i :
 10.3 + 2.3 expected % | o] [
[ ] — [ ] p 2 —_ : 277 B, i Wi v, i
O S R - o P I - - ! - O B . T 1 -
300 400 500 600 700 800 82 84 86 88 90 92 94 96 98 100
ET™ [GeV] m, [GeV]
u) lllllllll|l[lllll[Tllllllllllllll[llllll l TTrT IL > lllll L ' I!lllll III l]l l‘ll_
< 30 ATLAS Preliminary—e— Data 2015 ) 160 - ATLASPreliminary—e— pata 2015 3
q>) [ \s=13TeV,32f" %% Standard Model (SM) (OD F 1s=13TeV,32fb" %% Standard Model (SM)
" » . L 25_— SRZ ee+up - Z/y* (fromy+jets) 4 o 1 4; SRZ ee+up - Z/y* (fromy+jets) iy
® 1 3 Tev S I g n |f LI ] 2 L] 20 E :I Flavour symmetric E L E |:] Flavour symmetric -:-
20 = D Rare top ] ; 1 2_— [:] Rare top ]
- CJwzzz 1 € 3 [ Jwzzz ]
- —— m(§%,)=(920,230) GeV . g 1 O:_ —— m(@,)=(920,230) GeV—_
1 5_— ------- m(§.ig)=(940,660) Gev—_ L 8'_ ------- m(gx ) (940,660) GeV 7
Ob d (E ted E ] | f
served (Expected) . 1 o | A _:
S95: 20.0 (10.2+4.4 oL | ] | e |
4V £+4.4-30 st SR s S E
O " P W s . ml’: O:_| r—| e = I-—’_ prems
2 3 4 5 6 7 8 9 10 11 800 1000 1200 1400 1600 1800
Number of jets H. [GeV]

|.Trigger, TRIUMF Blois 2016 14


https://cds.cern.ch/record/2114854

@ 1E§>32£Q7065(§),1-26 @TRIUMF
2 same-sign or 3 leptons

EXPERIMENT

* GGluinos are neutral - charged
electroweak particles in both decay
branches may have same charge

* Can also have 3 leptons (or 2 5SS t
leptons) arising from final states with p Q W

: . . b ~0
multiple Z, W or t decaying leptonically TN .
\\\ >~<§: 0
: , b X1
* Both signatures extremely rare in SM p < - W
t
e 4 S|gnal reglions accordmg to number of g14:_"";T'L'l;;s'""""'S'F;t(;b;jf;;f;;e',;:;.s;'c;;"‘_: < OOOZT‘U{;M e NASARRRSR LA
. ' ' O [ ys=13TeV,321" e Data 1 = 1000~ Vapp! T Expectediimit(£10.,) -
b-jets and/or light jets Qg e Sovian ez e pwewent TUUNOCE
§ 10[-m;=1.3 TeV, m =500 GeV [JFake Leptons ECharge-Flip] il :I::ij:z;f (T:LV A3k
w L : ] :

MmissS

* Final discriminant is high E+

e Exceeds Run-1 limits in certain models

40 60 80 100 120 140 160 180 > 20 ot N L ]
2 700 800 900 1000 1100 1200 1300
ET** [GeV] m, [GeV]

|.Trigger, TRIUMF Blois 2016 15


http://arxiv.org/abs/1602.09058

£ R TRIUMF

LIfetime

In (for example) compressed mass-spectrum scenarios or situations
like "split" SUSY where 3-body decays can by highly suppressed by
large sparticle masses, there may be very little phase space for
decays to the LSP, resulting in a long-lived NLSP. This could elude
standard missing-energy searches, and requires special attention.

|.Trigger, TRIUMF Blois 2016
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EXPERIMENT

1604.04520

particles

e Gluino (charged) R-hadrons:
o stable (lifetime>50 ns)

e or metastable (decay to g
+L.SP)

* ook for tracks with large dE/dx
from Si-pixels and high pT

» stable gluino R-hadrons excluded
below 1570 GeV

e Gluino R-hadrons with lifetime >
0.4 ns exclusions given for 100
GeV LSP, lower mass limits
740-1590 GeV

|.Trigger, TRIUMF

Entries / 50 GeV

Lifetime [ns]

F s=13Tev,3.2fb"

— background
m(g) = 1200 GeV
m(g) = 1600 GeV

|||||||

10

- 1s=13TeV, 3.2 fb"

| —— Observed 95% CL LL
| ... Observed +1 o, LL L\
-— Expected 95% CLLL (+ 16,,,) |
- —s— Observed 95% CL LL (8 TeV) ',-"
... Observed 15, LL (8 TeV) /

- aa 7’ mE@)=100 GeV 7/

llllllllllll
200 400 600

1 I L1 1 ] L1 1 I L1 1 I L1 1 I 1
800 1000 1200 1400 1600
Mass [GeV]

Blois 2016

dE/dx [MeV g' cm?]

Cross-section [pb]

i

R TRIUMF

long-lived hignly 1onizing

(V=
= ATLAS
%k Data 2015, \s = 13 TeV
8f
7E
58
5
af
3k
B
1 =
Wonews
2500 -2000 500 1000 1500 2000 2500
qp [MeV]
> LSS TR BN FR LSS A T IR
o 10°k ATLA o data -
O s=13TeV,321b" back d 3
o metastable selection = af groun -
'-‘\" 102 --- m(g) = 800 GeV —
L T T Ug)=3ns 3
2 10 --- m(g) = 1600 GeV ]
& B g (Smeem 7(g) =10 ns E
1
107" E
1072 E
10_3IJ"'E.I..‘.I|.|.I....l....|....?1
0 500 1000 1500 2000 2500 3000
Mass [GeV]
T T T T T T T
10 ATLAS \s=13TeV, 3.2 fb" 3
E metastable g (t = 10 ns) =
I Prediction g -
1 ——— Observed 95% CL UL -l
E == Expected 95% CL UL (+ 1o,,;,) 3
—— Expected 95% CL UL (+ 20,,,) ]
----- Prediction g (8 TeV) .
107 gl e Observed 95% CL UL (8 TeV) 3
102 I =
- 8 6 CL UL .";.":ch,, :
103 | L tedon | | |
1000 1200 1400 1600 1800
Mass [GeV]
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http://arxiv.org/abs/1604.04520

1400

1200

m(x°) [GeV]

1000

800

600

400

200

> |
=
D -
» |

T I T T T l T T T I T T T I T a
Preliminary \s=13TeV,3.2fb"
g- cﬁi 0-lepton, ATLAS-CONF-2015-062 |
G- qaw;z 0-lepton, ATLAS-CONF-2015-062 |
g—- qﬁW)Z 1-lepton, ATLAS-CONF-2015-076 |
g (ﬁWZx >7-10 jets, arXiv:1602.06194
g— qaWZy,, SS leptons, arXiv:1602.09058
gt SS leptons, arXiv:1602.09058
g- tfi > 3b jets, to appear
g— be(?, >3b jets, ATLAS-CONF-2015-067

lllf]llIIIIIIIIIIIIIIIIII

\

lllll[lllllllllllllll'lll[ll

1 I L 1 1 1 1 1 [ 1 1 1 1 1 I 1
1000 1200 1400 1600 1800
m(g) [GeV]

I T T T I 1 1 T I T T 1 T T T T T T 1 T T 1]

B o sesesess 3b jets expected ]
_—i\TL/iSO FRlminery > 3b jets observed
ooy, e SS leptons expected
, — S8 leptons observed._|
\s=13 TeV, 3.2fb" ........ Run | expected
—— Run | observed

& = 3b jets: to appear
3 SS leptons: arXiv:1602.09058
Run I: arXiv:1507.05525

2,

e
.......

wer®
R .
S o
o
o=

) = = I LI I | S ) I

.t
o

T l | T I l LI

_lllllllllllllllllllll

H : :
Loy o B8y v 3 8 0w 0 | oad

1000 1200 1400 1600 1800 2000 2200

m(g) [GeV]

|.Trigger, TRIUMF

Summary

With 3.2 fb™' at 13 TeV, ATLAS already extends

reach of many strong-production SUSY
scenarios over 8 TeV limits

e Limits ~1.5 TeV for gluinos in simplest models

* Interesting - but not (yet?) significant - excess
in Z(to I)+ETmiss analysis first seen at 8 TeV
persists

e Expect ~25fb" in 2016:

Confirm or demolish the excess

Extend limits in strong production toward
Kinematic limits

Look for weakly produced SUSY with
sensitivity beyond Run-1

« An interesting year for SUSY. The year?

Blois 2016

1

% [GeV]

1
S

1

m(x,) [GeV]

@TRNMF

400|lllllllll IIIIII

llllll

T
- ATLAS Prellmlnary """" O-lepton expected
——— 0O-lepton observed |
200 0— CﬁWL -------- 1-lepton expected
r 4, — 1-lepton observed
: \s=13 TeV, 32 i Run | expected :
000} « — Run | observed —
: 0-lepton: ATLAS-CONF-201 s-oez:
| ¥ 1-lepton: ATLAS-CONF-2015-076
D
800} @\N\ Run I: arXiv:1507.05525 —
600~ -
400 —
200 5 ]
L [ Bl - l | B 11' 1 ] bl l - Ll ’ ' S ! 1l
400 600 800 1000 1200 1400 1600 1800 2000
m(,) = 5x(m(@)+m(X )) m(Q) [GeV]
900 T T T [ T T T l T T T ] T I. T T T T h
" ATLAS Preliminary "~ 2 710 jots expocted -
8005 ~ o . e 3 741 jets observed -
g @WZ, e SS leptons expected |
F 4, — S8 leptons observed -
700_—\5 =13TeV,3.2" ... Run | expected =
E i, —— Run | observed .
P B 2 7-10 jets: arXiv:1602.06194 ]
S s SS leptons: arXiv:1602.09058 |
C ™. Run l:arXiv:1507.05525
500~ 3 -
400~ _:
300 -
200F -
: 1 1 1 :‘ 1 .:l 1 l :: 1 1 I 1 | 1 :
800 1000 1200 1400 1600

m(x =~><(m(g)+m(2 )
m(x =—><(m(2 )+m(x )

m(g) [GeV]

NN

Status: March 2016
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ATLAS Preliminary
\Vs=7,8,13 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: March 2016

*Only a selection of the available mass limits on new
states or phenomena is shown.
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Mass scale [TeV]

Model e, T,Y Jets E;“SS JLanm™ Mass limit Vi=7,8TeV [ 5=13TeV Reference
L) L) 2§ Ll L) L} L} L) T L} L) L] L} L]
MSUGRA/CMSSM 0-83e.u/1-27 2-10jets/3b Yes 20.3 1.85 TeV m(g)=m(3) 1507.05525
4d, G—q¥%) 0 2-6jets  Yes 3.2 m(¥?)=0 GeV, m(1* gen. §)=m(2™ gen. §) ATLAS-CONF-2015-062
w» 94 44X (compressed) mono-jet  1-3jets  Yes 3.2 m(3)-m(E))<5GeV To appear
L 4, §-qllfty/viX v 2e,pu(off-Z)  2jets Yes  20.3 m(¥})=0 GeV 1503.03290
O 27 2—qak, 0 26jets  Yes 32 m(¥})=0 GeV ATLAS-CONF-2015-062
% 38, 3—qq¥| —qqW* x. ; e g—g je:s Yes 32.2 m(iz)<3so GeV, m(¥")=0.5(m(t})+m(z)) ATLAS1-5C(§)NF-52:15-076
o ([[/[v/vv)\’l et -3 Jets - m(¥)=0 GeV 1.03555
o ig i—f/ZW/X I 0 7-10jets  Yes 3.2 m(¥) =100 GeV 1602.06194
D GMSB (¢ NLSP) 1-27+0-1( 0-2jets  Yes 20.3 1.63 TeV tang >20 1407.0603
% GGM (bino NLSP) 2y - Yes  20.3 1.34 TeV r(NLSP)<0.1 mm 1507.05493
£  GGM (higgsino-bino NLSP) Y 1b Yes 203 1.37 TeV m(¥})<950 GeV, ct(NLSP)<0.1 mm, <0 1507.05493
GGM (higgsino-bino NLSP) Y 2jets  Yes 203 1.3 TeV m(t%)<850 GeV, cr(NLSP)<0.1 mm, >0 1507.05493
GGM (higgsino NLSP) 2e.u(2) 2jets Yes 20.3 900 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes 20.3 865 GeV m(G)>1.8 x 10°* eV, m(2)=m(g)=1.5TeV 1502.01518
8 &k abby| 0 3b Yes 3.3 m(¥))<800 GeV ATLAS-CONF-2015-067
DE  zz goiX) 0-1e,p 3b Yes 33 m(E))=0 GeV To appear
?n 0 38, gobiX| 0-1e.p 3b Yes  20.1 3 1.37 TeV m(¥})<300 GeV 1407.0600
b\by, by _’le 0 2b Yes a2 | Ao G m(¥})<100 GeV ATLAS-CONF-2015-066
%‘6 % bibi, i~ 2e.u(SS)  03b  Yes 32 b | 325-540 GeV m(F)=50 GeV, m(¥})= m(¥’)+100 GeV 1602.09058
38 An, L—bty 1-2ep 1-2b  Yes 4.7/203 | #117-170 GeV 200-500 GeV m(¥7) = 2m(¥}), m(¥})=55 GeV 1209.2102, 1407.0583
38 i, i _,WI,)(, or 1V} 0-2e.u 0-2jets/1-2b Yes 203 | & 90-198 GeV 205-715 GeV  745-785 GeV m(¥})=1GeV 1506{08616, ATLAS-CONF-2016-007
5 S i, i —ck) 0  mono-jet/c-tag Yes 20.3 7 90-245 GeV m(7,)-m(¥})<85 GeV 1407.0608
© 8 7ifi(natural GMSB) 2e.p(2) 1b Yes 203 |7 150-600 GeV m(¥})>150 GeV 1403.5222
25 Dbhhofi+Z Be,u(2) 1b Yes 203 |% 290-610 GeV m(¥})<200 GeV 1403.5222
iy, -1 +h lep 6Gjets+2bh Yes 203 |7 320-620 GeV m(¥})=0 GeV 1506.08616
bnbig, I8 2e.p 0 Yes 203 |# 90-335 GeV m(¥})=0 GeV 1403.5294
XX, X =Dty 2ep 0 Yes 203 |X} 140-475 GeV m(¥})=0 GeV, m(Z, )=0.5(m (¥t )+m(E)) 1403.5294
w XXX >Tv(d) 27 - Yes 203 |& 355 GeV m(¥})=0 GeV, m(%,#)=0.5(m(¥} )+m(¥})) 1407.0350
= § Xx —"TLVZ(L[ (), € PlLL(v) 3e.u 0 Yes 203 |54 715 GeV m(¥T)=m(¥3), m(¥])=0, m(Z, #)=0.5(m(¥})+m(¥})) 1402.7029
w3 )?.)b-»WX/ Zx 23en O-2jets  Yes 203 F.*,X': 425 GeV m(¥7)=m(¥3), m(¥})=0, sleptons decoupled | 1403.5294, 1402.7029
sz\’ —)WX. hX. , h—=bb|WW/tt]yy &Y 0-2b Yes 203 [BRE 270 GeV m(¥7)=m(¥3), m(¥})=0, sleptons decoupled 1501.07110
XoXs, Xz N dep 0 Yes  20.3 ,?i, 635 GeV m(¥3)=m(t3), m(¥})=0, m(Z, 7)=0.5(m(X3)+m(t})) 1405.5086
GGM (wino NLSP) weak prod. Teu+y “ Yes 20.3 w 115-370 GeV cr<imm 1507.05493
Direct /VT/\” | prod., long-lived X| Disapp. trk 1 jet Yes 203 | & 270 GeV m(¥i)-m(¥])~160 MeV, 7({])=0.2 ns 1310.3675
- Direct ¥1X] prod., long-lived ¥7  dE/dx trk - Yes 18.4 b 495 GeV m(¥y)-m(¥})~160 MeV, 7(¥7)<15 ns 1506.05332
o g Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 2 850 GeV m(¥})=100 GeV, 10 ys<r()<1000 s 1310.6584
&8 8| Metastable § R-hadron dE/dx trk ; . s2 T (¥1)<100 GeV, T>10 s To appear
2E GMsB, stable 7, ¥ —t@ parte) 1-24 - - 194 | & 537 GeV 10<tans<50 1411.6795
3 Q GMSB, i) -G, long-lived X 2y = Yes  20.3 i) 440 GeV 1<r(¥})<3 ns, SPS8 model 1409.5542
g8, X ?—we‘;(cyvmuv displ. ee/ep/pp - - 20.3 ib 1.0 TeV 7 <ct(¥))< 740 mm, m(z)=1.3 TeV 1504.05162
GGM 38, X|—ZG displ. vtx + jets - < 203 | X, 1.0 TeV 6 <cT(¥))< 480 mm, m(7)=1.1 TeV 1504.05162
LFV pp—vr + X, ¥r—epfet/ut E[LET,UT * = 20.3 Ve 1.7TeV  A,=0.11, Aj32/133/233=0.07 1503.04430
Bilinear RPV CMSSM 2e.pu (SS) 0-3b Yes 20.3 q. 8 1.45 TeV m(g)=m(g), ctzsp<1 mm 1404.2500
XXX Y AT LY | eV e 4e,p . Yes 203 |X; 760 GeV m(¥})>0.2xm(¥}), 4,2, £0 1405.5086
> X X oWH X srtv ey, Bep+T - Yes  20.3 i% 450 GeV ME2)>0.2xm(¥T), 43320 1405.5086
‘nl: 88, é—"iqq 0 6-7 jets = 203 |2 917 GeV BR(1)=BR(b)=BR(c)=0% 1502.05686
28, é—*qql\’ LY - qqq 0 6-7 jets e 203 |2 980 GeV m(t})=600 GeV 1502.05686
88, §—nt, h—bs 2e,u(SS)  03h Yes 203 |& 880 GeV 1404.2500
f\iy, i1 —=bs 0 2jets+2b - 203 |4 320 GeV 1601.07453
hiy, j—=bl 2ep 2b " 203 |4 0.4-1.0 TeV BRI, —be/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, é—ct) 0 2¢ Yes 203 |z 510 GeV m(¥7)<200 GeV 1501.01325
L L L 1 L L L L L L L L L

19



EEEEEEEEEE

|.Trigger, TRIUMF

BaCKUpS

Blois 2016

R TRIUMF

20



R TRIUMF

— I+ Jets, Ef™ss (more)

% YAf_"_L'AIs' éir‘nl;laltic‘)n":"re'm;“'na‘ry‘ L3]S %104 A%LAIS pre'"min;ry_.l_oa'a;ms' T > 90 L L L o L S e L P i L LI > 0 L L LI o L N L O L L RS L LI L L R
' i e e IR P © 35 ATLASPreliminary-e- ata 015 71 “© 39 ATLASPreliminary-e- o201 &
§1 03 VRZ ee+up ? §1 03 2L+MET+Jets ee+up -Dy‘ (from y+jets) g 30 :_ \s=13TeV, 3.2 fo” —— Standard Model (SM) _: g 30 :_ \s=13TeV, 3.2 fo” —— Standard Model (SM) _:
g .zxv' (from y+jets MC) g %:"’W:” s Al [ ee+un B zv* (tromysiets) 1 N [ en+ue B zv* (tromysiets) -
are top T - . ~ - .
:>J’102 %102 [Cwzzz ..g 25:_ |:| Flavour symmetric _: ..g 25:_ |:| Flavour symmetric _:
q>) i D Rare top : q>) i D Rare top :
- Wz/zz — - Wz/zz —
0 i 20F . 1 @ 20 u ]
15F : 15F :
1 C C
o ; 10 101 + _
N 5 s . 3
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- _ =1 % .
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o) - SRZ ee+up - Z/y* (fromy+jets) 2
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@k ] wzzz - —
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2:_ """"""""" _: VRS 100-200 > 600 >2 8l <my <101 SF > 04 - -
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— I+ Jets, Ef™sS (more)

R TRIUMF

Physics process Generator Parton Cross section Tune PDF set
Shower
Z/y* (— L) + jets SHERPA 2.1.1 SHERPA 2.1.1 NNLO [23,24] SHERPA default NLO CT10 Region Flavour-symmetry Sideband fit
tt Pownec Box v2 r3026  PyTHIA 6.428 NNLO+NNLL [26,27] PERUGIA2012 NLO CT10
Single-top (Wt) PowHEG Box v2 r2856  PyTHIA 6.428  Approx. NNLO [28,29] PERUGIA2012 NLO CT10 SRZ 5.14+2.0 6.1 1.7
tt + W and tt + Z MADGRAPHS 2.2.2 PyrTHiA 8.186 NLO [31,32] Al4 NNPDF23LO CTEQ6L1
4+ WW MADGRAPH5 2.2.2  PyTHIA 8.186 LO Al4 NNPDF23LO  CTEQ6LI VRS 18.9+4.8 20.5£5.6
i;;?/;nd 77 SHERPA 2.1.1 SHERPA 2.1.1 NNLO [33,34] SHERPA default NLO CT10
VRS VR-WZ VR-77 VR-3L
Observed events 56 89 20 7
Total expected background events 52.6 £ 9.1 87 + 10 1554+ 34 6.5+ 1.6
Flavour symmetric (tt, Wt, WW and Z — 77) events 18.9 + 4.8 1.34+£0.4 0 0.3+0.2
W Z/ZZ events 75+ 1.7 82 4 10 15.5 4+ 3.4 49+1.6
Z[~v* + jets events 24.8+7.6 2.7+2.8 0 0.2+0.2
Rare top events 1.4+0.2 0.940.4 0.04 4 0.02 1.0x+0.1
Source Relative systematic uncertainty [%)] SRZ
Observed events 21
SRZ
Total expected background events 10.3 £ 2.3
Total systematic uncertainty 22 Flavour symmetric (tt, Wt, WW and Z — 77) events 5.14+2.0
Flavour symmetry (statistical) 14 WZ{ 42 events 29+08
i Z/~* + jets events 1.9+0.8
Flavour symmetry (systematic) 12 Rare top events 04401
Z /v + jets (systematic) 7.8
. p-value 0.013
W Z generator uncertainty 7.6 o
S Significance 2.2
Z/~" + jets (statistical) 2.2

Observed (Expected) S9°
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