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ATLAS and the LHC Run-2

* New pixel “Insertable B-layer” e 2015:13 TeV collisions. 3.2 fb?
* Improved flavour tagging — main topic of this talk

* Higher centre-of-mass energy e 2016: 7.8 fb! collected so far.

Ongoing smooth operation

* Reoptimization of analyses
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From 8 TeV to 13 TeV
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Extensive search programme at 8
TeV with 20 fb! of data. Nothing
found

Example: £, pair production m(%}) vs m(t;)
with various model assumptions
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Improved limits with 2015 data
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: July 2016 Vs=7,8,13TeV
Model e U, T,y Jets E"""‘I JLdim) Mass limit Reference
MSUGRA/CMSSM 03epu/l-2r 2-10jets3b Yes 203 m(gem@) 150705525
. é—w 0 26jets  Yes 32 m(E3}<250 GaV, mi{1* gea. Pamiz™ gen. I 1625.03814
39, G470 Joomprssm) mono-et  1-3jets  Yes 32 MG <5 GeV 160407773
L 0 26jels  Yes 32 () <250 GaV 160503818
B, F—qaki —qqW" %) tep  26s  Yes 33 ME:}<350GaV, mik " = SimE] Jemii) 160504285
BR. E—qq(lt/ty /)T 2e0  03jets - 20 m(F:)=0GeV 1501.03555
0 7-10jets  Yes 3.2 m(£7) =100GeV 160205154
GMSB'?NLSP) 1-27+0-1¢ 0-2jets  Yes 32 To appear
GGM (bino NLSP) 2y - Yes 32 <T{NLSP)<0.1mm 160603150
GGM (higgsino-bine NLSP) ¥ 1b Yes 203 m(E"} <850 GV, cr(NLSP)<0.1 mm, u<d 1507 05453
GGM (higgsino-bino NLSP} ¥ 2jets  Yes 203 m(E"}<BS0 GV, cr(NLSF)<0.1 mm, j>0 1507 05453
GGM (higgsino NLSP) 2e.pulZ) 2ets Yes 203 M(NLSP)>430GeV 1503.03290
Grawvitino LSP o meono-jet  Yes 203 m(G)>1.8 x 10 oV, miE)=m(g)=15TeV 150201518
35, BbbT] 0 36 Yes 33 m(E)<BO0GeV e
BF, g 0-1ep 3b Yes 33 m(F)=0GeV 1605.08318
iE. pm. 0-1eu 3h Yes 201 m(F}<300GeV 1407.0800
Biby, Bi—bi) 0 25 Yes 32 m(T)<100GeV 1605.08772
Biby, By -.m 2e,p(88) 036 Yes 32 GeV, miE j= m(E )+ 100GeV 1602 03058
fifs, fi—bi; 1-2e,u 1-2b Yes 4.7/20.3 ma’) zua‘ % ..‘%.55 12032102, 1607 0583
Q. ,,..wu(“ or iy 02eu 020181-2b Yes 203 .,(?). 1506.08516, 160603933
fif, fii— 0 mono-jetictag Yes 203 (i )<85GeV 1407.0508
f1f: (natural GMSB) 2e,p(2) 1b Yes 203 150 GeV 14035222
Bh, h-h +2 Sepl?) 1h Yes 203 m(T:)<200GeV 14035222
Bh, L=l +h teu ©Glels+2b Yes 203 m(T:)=0GeV 1506.08616
?1_3?1_3. ?—0“.? 2ep 0 Yes 203 miE <3 Gev 14035254
FiTr K] L) 2ep o Yes 203 )0 GeV, miZ, a-ost-w»m"n 14935294
ip\"' i —m(n) 2t - Yes 203 | 1)=0 GeV, m(z, 7)=0.5imit; 1437.0350
i‘ De;w; 5,405 Ses 0 Yes 203 | i’ mn".r-o m.owm» 1402 7029
23eu 02)0ls  Yes 203 i) )0, sleptors decoupled | 1403.523¢, 1402 7023
xxv hxb h—bB|WW/rt/yvy ©HY 026  Yes 203 m(E: )-cwis), 1)=0. sleptons decoupled 150107110
,m‘ dep 0 Yes 203 Ao, .0, i, 510 ST o) 14355086
(who NLSP) weakprod.  leu+y - Yes 203 cr<imm 1507.05453
GGM (bino NLSP) weak prod. 2y - Yes 203 cr<timm 1507 05453
Direct ¥1%| pred., long-lived x. Disapp.trk  1jet  Yes 203 m(E? }miE])-160 MV, 1k =02 rs 13103575
Direct ¥, ¥, pred., Iong-livadxl dE/ax trk - Yes 18.4 mE ) - 160 MaV, 1(F 1 <15 ns 1506 05332
Stable, stopped § R-hadron 0 1-5)ets  Yes 279 m(T")=100 GV, 10 us<r(@<1000 s 13105584
Stable § R—hadrm trk - - 32 160505129
Metastable  R-hadron dE/ax trk - - 32 m(T)=100 GaV, r>10 ns 1604 04520
GMSB, jf"‘ %, Xu—oﬁe.p)ﬂ'(e g 12p - - 19.1 10<3anB<S0 1411 5755
GMSB, F{—+G 2y - Yes 203 1<ri <3 ns, SPS3 model 14095542
,,,,r,_.u q,rv[ppv displ. ee/ep/pp - - 203 7 <cr(¥l)< 780 mm, mig)=1.3TeV 1504 05162
GGM 35, X, —2G alspl. vix + jets - - 203 1)< 480 o, miR)=1.1TeV 1504 05162
LFV pp—¥. + X, ¥o—ep/er/ur LT T - - 203 A, R, A anzn=0087 1503.0¢830
Bﬁnear RPV 26,p(88) 036 Yes 203 m(Gmn(F). cTpgp<1 mm 14042500
ARy A —eevueuv,  dep - Yes 203 M{EZ)>02xmE ), A::20 14355086
X:X) X] —owﬁ.xb—orﬁ..eﬁv et - Yes 203 mE >0 2xmif] ), 23320 1405.5086
0 &7jes - 203 BRIf)=BR(b)=3Ac)=0% 1502 05685
gg §—oq¢{° X = aqq 0 &7ts - 203 m(E})=500 GaV 1502 05585
gg. g—om u—Ob: 2e,u(SS) 038 Yes 203 1404 2500
i, f—bs 0 2lets+26 - 32 ATLAS-CONF-2016-022
Ny, f—bt 2e.p 2b - 203 BRIT, —be/u)>20% ATLAS-CONF-2015015
Other Scalar charm, é—ci! 0 2¢ Yes 203 — ' m(£*)<200GeV 1501.01325
*Only a selection of the available mass limits on new 1
es or phenomena is shown. 10° 1 Mass scale [TeV]



Search Strategy

. miss .
Common search strategy: (HistFitter) N ExampIeJets+ET - ,S,’??ICCh'
H 8 E ATLAS CRT for SR4j ]
<> Based on control regions - b + b | Top Control
<> Data driven approach for difficult 2"t omssmet 3 region
> . Q +jets ]
backgrounds (eg multijet/Z+jets) @ —fudl
10E

<> Simultaneous fits to calculate
final background estimates 1

<> Signal regions are unblinded after
agreement in validation regions
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SUSY signatures at 13 TeV

CELE e e e e
miss Analyses based
i
Jets (+ E ) on the 2015 dataset

2-6 Jets and E,™iss . arXiv 1605.03814
- 7-10Jetsand E;™ss. arXiv 1602.06194 Squarks and gluons (g, §)
- Monojet and E;™s . arXiv 1604.07773
- 2b-jetsand E;™ . arXiv 1606.08772 3rd generation (517 61)
- 23 b-jetsand E;™ss. arXiv 1605.09318 B
- 4jets (2-jets). ATLAS-CONF-2016-022 t1 — b5 RPV decays

Jets + electrons/muons + E Miss
- 1lepton, Jets and E;™s. arXiv 1604.04285

- 2 same-sign leptons or 3 leptons, arXiv 1602.09058 ¢ Squarks and gluons (Qa g)
- Z->1l, Jets and E;Mss, ATLAS-CONF-2015-082

- 1lepton, b-jets and E;™ss arXiv 1603.03903

- 2leptons, b-jets and E;™s$, ATLAS-CONF-2016-009

} 3rd generation (fl,bl

Long Lived particles

- dE/dx in the Pixel detector, arXiv 1604.04520
- Short Lived Particles, arXiv 1606.05129

Photon or tau + X
- Photons and E;™, arXiv 1606.09150 GMSB § — qqX:, x| — 7G
- tauand E;™*, to appear GMSB, X7 /X3 decays to7 /i,

} R-hadrons
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SUSY signatures at 13 TeV @

Jets (+ E,M=s)

2-6 Jets and E;™s . arXiv 1605.03814

- 7-10Jetsand E;™ss. arXiv 1602.06194 Squarks and gluons (g, §)
- Monojet and E;™s . arXiv 1604.07773

- 2b-jetsand E;™ . arXiv 1606.08772 3rd generation (7?1, 51)

- 23 b-jetsand E;™ss. arXiv 1605.09318

- 4jets (2-jets). ATLAS-CONF-2016-022 t1 — b5 RPV decays

Jets + electrons/muons + E Mss

- 1lepton, Jets and E;™s. arXiv 1604.04285

- 2 same-sign leptons or 3 leptons, arXiv 1602.09058
- Z->1l,Jetsand E;Mss, ATLAS-CONF-2015-082

- 1 lepton, b-jets and E;™s arXiv 1603.03903

- 2leptons, b-jets and E;Ms, ATLAS-CONF-2016-009

Long Lived particles

- dE/dx in the Pixel detector, arXiv 1604.04520
- Short Lived Particles, arXiv 1606.05129

Photon or tau + X

- Photons and E;™*$, arXiv 1606.09150
- tauand E;™s, to appear
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[1605.03814]. 2_6 JetS and E miss

See M. Ronzani’s talk: Monday
%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%E%E%22%Eﬁéﬁéééﬁéﬁéééﬁéﬁéééﬁéﬁééé

Selection strategy

<~ Trigger on EMiss

=)

<~ Selections on jets and E;Mss
<> Use meg(incl.) = ZpT(j) )

&5

jets
> T | T T T T | T T T T T T T T | T T T T T T T T 1 . .
8 oL ATLAS wo l Direct production of squarks and
o F B .
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<> Multijet (est. jet smearing) m; [GeV]
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pMSSM: M1=60 GeV, tanp=10, u<0, M2=3 TeV, m(q)=5 TeV, m(l)=5 TeV
800lIII1|II[_'I|IlIIIIIIIIIIIIlIIII|IIII|IIII
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[1604.07773]

Monojet + E;MsS

Direct production of squarks

<> Both 15t/2"d generation and
3'd generation

Initial state radiation

<> Optimised for compressed signature:
small m(q) — m(x})
< E;™ss trigger

<> Single jet (possibly b-tagged)
+ E;MisS signature

Recoiling against
@ the SUSY system

X4

Presence of E Miss

§d production, §— qi? bb, production, b,—~ bi?
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[1606.08772] 2 b_jets and ETmiSS

See S. Fracchia’s talk. Tuesday

Direct production of

sbottom pairs
< E;MsS trigger b

< 2 b-jets and E™iss: p> b ,4.. %

Selection strategy

mer = [Br(i) + Er(j2)]” — [pr(1) — pr(i2))? 5 ~Y~, @
< Initial state radiation for m(b1) < m(x5) g

Bottom squark pair production, 5, —b i‘:’
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el 3 500 -
20 b(700).%,(1) 3 - ]
E - 4 .
15 SRA250 _; 400 - ) =
E 300 - =
- 200 - =
S 2¢ = ]
Z) Y OO s— ) FRRITRTS R— 100 o x ]
B I e J .
§ B S S A S R il .
) ) U B [ TSR VY W 0 | ‘ ! ide 7]

0 100 200 300 400 500 600 100 200 300 400 500 600 700 800 900 1000 1100

me., [GeV] m; [GeV]
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[1605.09318]
See M. Swiatlowski talk. Tuesday

>3 bJets and Emiss

Gluino pair production

Selection strategy

< E;™ss trigger

<> 3(or more) b-jets and EMss
<> 0/1 leptons (e or W)

<> Jets reclustered with R=1.2 to
reconstruct boosted tops

Decay to either sbottom or stop
(gbb, gtt)

dg production, g — tf+if, m(q) >> m(g)

dg production, g — b5+i:], m(q) >> m(g)

;‘ 1600 | I T T T I T T T I T T T I T T T I T T T | ; 1600 | I T T T I T T T I T T I T T T I T T T ]
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O, 1400 [~ {513 Tev, 321" === Expected limit (+15,;) G, 1400 [ ys_13 Tev, 32 o === Expected limit (+10,,)
3+ - == Observed limit (+1 655") S 3 - = Observed limit (+1 652>")
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= C . ] AN Wt ]
1000 [— ° — 1000 | — V9.~ s ]
O e 7 r 1
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200 - ; 3 200 [ i -
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ATLAS-CONF-2016-022 > miss
See R. Smith’s talk: Monday M u It” et, N O ET

e

Selection strategy RPV term
e . /! rv 1 T
< multijet trigger > Wrpv = Ay UiDj Dy, b
< 4 jets (2 b-tagged) <> Decay t; — bs p :
<> INV. Mass ijEt palrs ,f’;\//
~_ ‘323
< Use M, and mass asymmetry (A) , i Ni” s
b
3' 0_7_ T T T T | T T T T | T T T T | T T T T | T T T T T T T T ] S T I T I .I I T | T I T | T I T _]
© - ATLAS Simulation Preliminary ] = [ ATLAS Preliminary _ ]
0.6 Vs=13TeV,3.2fb" - & 2L Ys=13Tev,32 fio™! ::Loppegfetﬁm cross secton |
C (mT u  o)[GeV] ] é a2 #0 = observed limit E
C — 250, 243, 14 ] —— I expected * 16 2
0.5 —— 350, 332, 20 - t ' bsbs expected £ 20 1
C —— 450, 425, 24 ] 10 All limits at 95% CL =
0.4 —— 550, 514, 29 - ]
E mass window E i ]
03:_ _: e
0.2F — i
C ] 10’15— 3
O . 1 :_ —: E === stop pair prod. cross section (Ys = 8TeV) E
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SUSY signatures at 13 TeV

- 2-6lJetsand E;™ss . arXiv 1605.03814
- 7-10Jetsand E;™s . arXiv 1602.06194
- Monojet and E;™s . arXiv 1604.07773
- 2b-jetsand E;™ . arXiv 1606.08772
- 23 b-jetsand E;™ss. arXiv 1605.09318
- 4jets (2-jets). ATLAS-CONF-2016-022

Jets + electrons/muons + EMiss
- 1lepton, Jets and E;™ . arXiv 1604.04285

- 2 same-sign leptons or 3 leptons, arXiv 1602.09058 Squarks and gluons (qa §)
- Z->1l,Jetsand E;™ss, ATLAS-CONF-2015-082
- 1lepton, b-jets and E;™ss arXiv 1603.03903

rd : N
_ 2 leptons, b-jets and ETm‘SS,ATLAS-CONF-2016-009} 3" generation (t1,b1)

Long Lived particles

- dE/dx in the Pixel detector, arXiv 1604.04520
- Short Lived Particles, arXiv 1606.05129

Photon or tau + X

- Photons and E;™s, arXiv 1606.09150
- tauand E;™, to appear
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[1604.04285]

1 lepton (e or W), jets and E;Mss

e e

:98:5-:iiiiiié5:98:5-:iiiiiié5:985-:iiiiiié5:985-:iiiiiié5:985-:2&25555:985-:&522iéﬁ:98:5-:iiiiiiéﬁ:98:5-:iiiiiiéﬁ:98:5-:iiiiiiéﬁ:98:5-:iiiiiiéﬁ:?S:E-:iiiiiiéﬁ:?Sé-:iiiiiiéﬁ:?Sé-:iiiiiiéﬁiéé-:iiiiiié5:98:5-:iiiiiié5:98:5-:iiiiiié5:98:5-:iiiiiié5:98:5-:iiiiiié5:98:5-:iiiiiié5:98:5-:iiiiiié5:98:5-:iiiiiié5:92:5-:2&22Eéﬁ:92:5-:iiiiiEéﬁ:92:5-:iiiiiEéﬁi&ei&iﬁﬁﬁiﬁei&iiﬁﬁﬁzgﬁiggﬁ
q

q
Selection strategy

Gluino decay via chargino

Two different scenario
for the mass differences
~+ ~
m(xy) — m(xX?)
m(g) — m(X?)

<> 1 electron or muon

< Different signal regions based on
lepton p; and n(jets)

miss
< Use E;™sS, m; and m ¢

III|III|III|III|III!

9-g —>qqquWx x m(x )=
T

— ATLAS

1e/u+jets + E

See M. Backes talk: Monday
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SUSY2016.
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60 GeV §-3 >agaqWWI X, x = (M(X,) - M) )/ (m@) - m(X)) ) = 1/2
T ' T T T | T T T T T T T ] ; T T T l T T T | T T T | T T T | T T T | T T T | T 17T T T T T T T T ]
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: Observed limit (1 ciﬁ;) - observed - ._3;{ I le/u+jets+ EmISS aj - 1 / 2 observed 7
= === Expected limit (£16,,,) expected - E 1200 r Ys=13 TeV, 3.2 10" expected 1
All limits at 95% CL 7 [ s Observed limit (+1 oY) 7
......................................... = 1000 - Small excess

. [ ===~ Expectedlimit (+15,,.) .

: = B in 6 jets SR
—] 800 — imits at 95% CL - 1
= 600 [— =
= 400 — —
~ 200 - =
1 1 1 | 1 1 1 ] :| 1 1 I 1 1 1 | 1 1 1 | 1 1 1 Il i 4 H -i:'l 1 1 | 1 1 1 :

1400 1600 1800 2000 400 600 800 1000 1200 1400 1600 1800 2000
m; [GeV] m; [GeV]

Searches for Supersymmetry with ATLAS 15



2 same-sign - 3 leptons (e or W), jets and E;MsS
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2 same-sign or 3 leptons

More complex gluino decays

3'd generation studies
(using b-tagged jets)
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2 opposite-sign leptons (Z->11), jets and E™'ss

See J. Long’s talk. Monday
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[1603.03903]

One Lepton, b-jets and ETmiss

t
P . : Targeting stop production
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Two Leptons, b-jets and ETmiss
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SUSY signatures at 13 TeV

Jets (+ E,Miss)

- 2-6Jetsand E;™ss. arXiv 1605.03814

- 7-10 Jets and E;™ss . arXiv 1602.06194
- Monojet and E;™ss . arXiv 1604.07773
- 2b-jetsand E;™ . arXiv 1606.08772

- 23 b-jetsand E;™ss. arXiv 1605.09318
- 4jets (2-jets). ATLAS-CONF-2016-022

Jets + electrons/muons + E Mss

- 1lepton, Jets and E;™s. arXiv 1604.04285

- 2 same-sign leptons or 3 leptons, arXiv 1602.09058

- Z->1l,Jetsand E;Mss, ATLAS-CONF-2015-082

- 1lepton, b-jets and E;™ss arXiv 1603.03903

- 2leptons, b-jets and E;™ss, ATLAS-CONF-2016-009 )

Long Lived particles
- dE/dx in the Pixel detector, arXiv 1604.04520
- Short Lived Particles, arXiv 1606.05129

Photon or tau + X
- Photons and E;™*$, arXiv 1606.09150

- tauand E;™ss, arXiv

} R-hadrons
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[1604.04520]

See J. Heinrich’s talk. Thursday
e

dE/dx [MeV g cm?]

SUSY2016.

Search for R-hadrons:

<> Slow moving particles (B<1)
<> dE/dX measured in Pixel

< High-pT high-ionising particles
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SUSY signatures at 13 TeV

Jets (+ E,Miss)

- 2-6Jetsand E;™ss. arXiv 1605.03814

- 7-10 Jets and E;™ss . arXiv 1602.06194
- Monojet and E;™ss . arXiv 1604.07773
- 2b-jetsand E;™ . arXiv 1606.08772

- 23 b-jetsand E;™ss. arXiv 1605.09318
- 4jets (2-jets). ATLAS-CONF-2016-022

Jets + electrons/muons + E Mss

- 1lepton, Jets and E;™s. arXiv 1604.04285

- 2 same-sign leptons or 3 leptons, arXiv 1602.09058
- Z->1l,Jetsand E;Mss, ATLAS-CONF-2015-082

- 1lepton, b-jets and E;™ss arXiv 1603.03903

- 2 leptons, b-jets and E;™Mss, ATLAS-CONF-2016-009

Long Lived particles

- dE/dx in the Pixel detector, arXiv 1604.04520
- Short Lived Particles, arXiv 1606.05129

Photon or tau + X
- Photons and E;™, arXiv 1606.09150 GMSB § — qqX:, x| — 7G
- tauand E;™, to appear GMSB, )ZI—L/XQ decays to7 /v,
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See J. Mitrevski’s talk. Tuesday
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Event Selection:

<> E;™s + jet trigger
<> 1or2t->had.

<> Transverse masses

gg production
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[1606.09150]

See J. Mitrevski’s talk. Tuesday
e

bino-like X!

Photons and E,Mss

Event Selection:

<> Two photons p;>75 GeV
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Conclusions and Outlook
e e
<> The LHC Run 2 is in full swing
<> A wide range of 13 TeV analyses based on 3.3 fb™! from 2015 published
= Higher centre of mass energy
= New Pixel layer installed
= |Improved analysis

< Limits improved on squarks, gluinos, stop, sbottoms under a wide variety of
assumptions. More talks this week

<> Looking forward to the 2016 dataset!
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One Lepton, b-jets and Etmiss (cont.)
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