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Outline

New physics search program at the LHC

Status of Standard Model measurements

Precision SM with indirect sensitivity to BSM

New Physics searches:
« Searches for Exotics and Supersymmetry

« Selection of results showing excesses....that may be
compatible with excesses in flavour physics

* Summary
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The ATLAS and CMS experiments
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Data Samples — Run 2
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Data Samples — Run 2
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LHC: More than nominal Luminosity
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Measuring the Standard Model with ever increasing accuracy
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Standard Model - Backgrounds to new physics searches

Standard Model Production Cross Section Measurements
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Status: July 2018
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Top physics — hints for new physics in heavy flavor
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Top physics — Spin correlations

« Top quarks decay before fragmentation
— Spin information is preserved

« Hadron colliders: top quarks are produced un-polarized, but
— New physics (NP) could induce a polarization

« e.g. NP causing forward-backward ttbar asymmetry leads =
more left-handed tops

— Correlation between top and anti-top spin can be extracted
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Top physics — Spin correlations

* Measured spin correlation can change

= Due to different decay {D
+
Left-handed {D, l+ [ » g
coupling \ N ’ q_ H* v C_I'
W V, ql t ’

¢ b
= Due to different @ g t
production

« Spin correlation: Test the full chain from production to decay!
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Analysis strategy

« Highest spin analysing power: leptons from top decays
— Use dileptonic ttbar events (ep)
— Very clean samples
« Leverage A between the two leptons
— No kinematic event reconstruction required
« Unfolded differential measurements:
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Unfolded distributions

« Unfolded distributions compared to different MC predictions
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Template fit

« Fitting spin and no-spin hypotheses to parton level distributions
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Normalised cross-section
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Template fit

Fitting spin and no-spin hypotheses to parton level distributions
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Di-lepton resonances

13.1 b7 (13 TeV, 2016)
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A dimuon invariant mass plot contains much of the history of our field.

Could there be other objects lurking in the distribution?
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Di-muon resonance

Compact Muon Solenoid

N
o

arXiv:1808.01890
CERN-EP-2018-204

CMs 19.7 b (8 TeV, cMS 19.7fb" (8 TeV,
>25Il||\\ll\II\III\lI\\IlI\II >40:III|I\IIIlI IIII‘II\\lII\I_
8 SR1 - Signal+background fit 8 C SR2 - Signal+background fit
o ====n Background-only fit NSS:_ ----- Background-only fit
\20_ ] ~ C
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o | B oef
>15 > 25
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An excess of events above the background near a dimuon mass of 28 GeV is
observed in the 8 TeV data, corresponding to local significances of 4.2 and
2.9 standard deviations in two event categories.

Event SR1 SR2
category Additional forward jet Additional central jet
Muons OS, pr > 25GeV, |y7] < 2.1
My My, > 12GeV
b-tagged jet pr > 30GeV, || <24
Additional jet pr >30GeV,24 < || < 4.7 pr > 30GeV, || <24
Jet veto No other jets pr > 30GeV, 57| <24 Nojets pr > 30GeV,24 < || < 4.7
pimiss — <40GeV
Ap(pp,ij) — >2.5rad
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Di-muon resonance o

35 9 fb (13 TeV) 35 9 fb (13 TeV)

~ Compact Muon Solenoid

8 C SR1 —— Signal+background fit b (5 14 0:_ SRZ — Signal+background fit _:
~100- ===u= Background-only fit N r ===== Background-only fit ]
B 1 “a120F
T l
Q100F
W arXiv:1808.01890

80F

CERN-EP-2018-204
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40F
20 -
0 111 | | | 1111 ‘ 11 1 | 111 | 111 I_ O:I 11 | 111 | 1111 | | | 1111 ‘ 11 1 I_
20 30 40 50 60 70 20 30 40 50 60 70
m,, [GeV] m,, [GeV]

A mild excess of data over the background in the first event category is
observed in 13 TeV data and corresponds to a local significance of 2.0
standard deviations, while the second category results in a deficit with a local
significance of 1.4 standard deviations.

Vs (TeV) 8 13
Event category SR1 SR2 SR1 SR2
Local significance (s.d.) 4.2 2.9 2.0 1.4 deficit
Ns 20+76 228+95 145493 —-149+10.1
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Faking it

Event: 474587238
2015-10~-21 06:26:57 CEST

breakyourownnews.com

-
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

July 2018 ' Vs=7,8,13TeV
miss -1 - .
Model ep Ty Jets EL™ [Lanm™ Mass limit Vs=7,8TeV  Vs=13TeV Reference
4d, §—qt) 0 26jets  Yes  36.1 m(EY)<100 GeV 1712.02332
@ mono-jet  1-3jets  Yes  36.1 0.71 m(G)-m(¥})=5GeV 1711.03301
@ N ! 2
5 % g—qat} 0 2-6jets  Yes  36.1 z 2.0 m(¥})<200 GeV 1712.02332
5 z Forbidden m(¥})=900 GeV 1712.02332
[ R . =
(%] 2, 3-4qq(LOT] Bepn 4 jets - 361 |2z 1.85 m(¥7)<800 GeV 1706.03731
Q ee, iy 2jets Yes  36.1 4 m(g)-m(¥})=50 GeV 1805.11381
§ 28, §—qqWZ¥| 0 7-11jets  Yes  36.1 z 1.8 m(t}) <400 GeV 1708.02794
S 3ep 4 jets - 36.1 |z 0.98 m(g)-m(¥})=200 GeV 1706.03731
S - 2
= g gty 0-1e,p 3b Yes 361 | & 2.0 m(¥)<200 GeV 1711.01901
3epu 4 jets - 361 |2& m(z)-m(¥1)=300 GeV 1706.03731
biby, by—bt) ¥ Multiple 36.1 by Forbidden 0.9 m(¥})=300 GeV, BR(b¥)=1 1708.09266, 1711.03301
Muitiple 361 | b Forbidden 0.58-0.82 m(¥?)=300 GeV, BR(b1")=BR(1¥1)=0.5 1708.09266
Multiple 36.1 by Forbidden 0.7 m(¥})=200 GeV, m(¥})=300 GeV, BR(X')=1 1706.03731
o e Db i, My =2x M, Multiple 36.1 i 0.7 m(¥?)=60 GeV 1709.04183, 1711.11520, 1708.03247
f‘i S Multiple 36.1 q Forbidden 0.9 m(¥})=200 GeV 1709.04183, 1711.11520, 1708.03247
3] o - ) ~
%% O, f —>be? or rX? 0-2¢,u 0-2jets/1-2b Yes 36.1 f 1.0 m(¥?)=1GeV 1506.08616, 1709.04183, 1711.11520
e g iy, HLSP Multiple 361 |4 0.4-0.9 m(¥})=150 GeV, m(¥i)-m(¥))=5GeV, 7, ~ 7, 1709.04183,1711.11520
o8 Multiple 361 |4 Forbidden 0.6-0.8 m(E})=300 GeV, m(¥)-m(¥))=5 GeV, 7, =~ i, 1709.04183, 1711.11520
T % ft), Well-Tempered LSP Multiple 36.1 |4& 0.48-0.84 m(¥)=150 GeV, m(¥¥)-m(¥))=5GeV, 7, ~ 7, 1709.04183, 1711.11520
1), i =kl 1 82, E—ch) 0 2¢ Yes 361 & 0.85 m(r)=0GeV 1805.01649
) [ 0.46 m(i, ,&)-m(¥})=50 GeV 1805.01649
0 mono-jet  Yes 36.1 5 0.43 m(f, ,&)-m(¥})=5 GeV 1711.03301
by, hof +h 1-2e,p 4b Yes 36.1 b 0.32-0.88 m(¥})=0 GeV, m(#, )-m(})= 180 GeV 1706.03986
XS viawz 2-3epu - Yes 361 |E/% 0.6 m(¥%)=0 1403.5294, 1806.02293
ee; it =1 Yes 36.1 Jl’%/)(2 0.17 m(E;)-m(¥})=10 GeV 1712.08119
YRS via Wh ClICyyltbb - Yes 203 | ¥ 0.26 m(¥3)=0 1501.07110
SteF 0 & ~ o - ~ Py - - -
=3 M T 16, X vz, ot 27 - Yes 361 |¥/0 0.76 o, mE)=0, m(,7)=05(m(F})+m(F2) 1708.07875
10 2 Xi 1%, 0.22 m(¥E)-m(E))=100 GeV, m(%, #)=0.5(m(¥; )+m(¥})) 1708.07875
= Iirlig, I8 2epu 0 Yes  36.1 7 0.5 m(¥})=0 1803.02762
2epu >1 Yes  36.1 7 0.18 m(f)-m(¥!)=5 GeV 1712.08119
HH, H—hG (26 0 >3b Yes 361 |@& 0.13-0.23 0.29-0.88 BR(Y] — hG)=1 1806.04030
de.u 0 Yes 36.1 )i 4 0.3 BR(Y — ZG)=1 1804.03602
Direct ¥{¥; prod., long-lived X Disapp. trk 1 jet Yes 361 | X 0.46 Pure Wino 1712.02118
° @ f 0.15 Pure Higgsino ATL-PHYS-PUB-2017-019
Qo
=G Stable z R-hadron SMP - - 32 |% - 1606.05129
§’ g Metastable 7 R-hadron, 2-qqt) Multiple 828 |& [@®s=toons02ns 16 24 m(E})=100 GeV 1710.04901, 1604.04520
S GMSB, ¥} —vG, long-lived /\7(1’ 2y - Yes 20.3 )'(‘: 0.44 1<r(¥%)<3 ns, SPS8 model 1409.5542
83, /??ﬂeev/eyv/,upv displ. ee/ep/pup - - 20.3 4 6 <ct(¥))< 1000 mm, m(¥})=1TeV 1504.05162
LFV pp—¥, + X, V. —ep/et/ut efL,eT,UT - - 3.2 Vr 1.9 A5,,=0.11, A132/133/233=0.07 1607.08079
YT IR - wwyzectevy dep 0 Yes  36.1 m(E%)=100 GeV 1804.03602
g2, g-agh), X - qaq 0 4-5large-Rjets - 36.1 Large 47, 1804.03568
n>_ Muitiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
O 3.3 tbs/ goiil], X] — ths Multiple 36.1 m(%)=200 GeV, bino-like ATLAS-CONF-2018-003
P S0 & . N
77, it XY - ths Multiple 36.1 m(¥?)=200 GeV, bino-like ATLAS-CONF-2018-003
fif1, f1—bs 0 2jets+2b - 36.7 1710.07171
iy, fi—bl 2e,p 2b - 36.1 i BR(f, —be/bu)>20% 1710.05544
L . L M A L L

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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ATLAS Long-lived Particle Searches* - 95% CL Exclusion

Status: July 2018

ATLAS Preliminary
[Ldt=(32-36.1)fb" s5=8,13TeV

Model Signature  [£dt[b™] Lifetime limit Reference
RPVX‘E — eev/euv/upv displaced lepton pair 20.3 X‘l] Iiie;imeI ' m — S ' ) o .’"(Ié): ;-;ITer ”'Q'Yll))=.1-‘;T‘;V' 1504.05162
GGM 2 - ZG displaced vix + jets 203 | ¥ lfetime m(&)= 1.1 TeV, m(x%)= 1.0 TeV 1504.05162
GGM X? - ZG displaced dimuon 32.9 X‘l] lifetime 0.029-18.0 m m(&)=1.1TeV, m(x})=1.0 TeV CERN-EP-2018-173
GMSB non-pointing or delayed y 20.3 | x{ lifetime _ SPSE with A= 200 TeV 1409.5542
AMSB pp — xix% xx;  disappearing track 20.3 XT lifetime _ m(y;)= 450 GeV 1310.3675
AMSB pp —»)(fxg,xf/y; disappearing track 36.1 Xf lifetime 0.057-1.53 m m(y])= 450 GeV 1712.02118
AMSB pp — x5x%xix;  large pixel dE/dx 184 | x] lifetime | 13teom m(x§)= 450 GeV 1506.05332
Stealth SUSY 2ID/MSvertices  19.5 | § lifetime orzeoem ()= 500 Gev 1504.03634
split SUSY large pixel dE/dx 361 | & lifetime >09m m(&)=1.8TeV, m(x2)= 100GeV | CERN-EP-2018-198
Split SUSY displaced vtx + E{"‘S 32.8 g lifetime 0.03-13.2m m(g)=1.8TeV, m(xJ)= 100 GeV 1710.04901
split SUSY 06,2-6jets +EM™ 364 | glifetime 0.0-21m m(&)= 1.8 TeV, m(x?)= 100 GeV | ATLAS-CONF-2018-003
Hoss 2 low-EMF trackless jets  20.3 | s lifetime _ m(s)= 25 GeV 1501.04020
Hoss 2 ID/MS vertices 195 | slifetime PoEsEER ()= 25Gev 1504.03634
FRVZ H — 2y4 + X 2 e, u-jets 203 |[FalilEiRE o-3 mm mi(ya)= 400 MeV 1511.05542
FRVZ H — 2y4 + X 2 e—, y—, n—jets 34 | yalifetime 0.022-1.113 m m(yq)= 400 MeV ATLAS-CONF-2016-042
FRVZH — 4yy + X 2 e—, pu—, n—jets 3.4 4 lifetime 0.038-1.63 m m(yq)= 400 MeV ATLAS-CONF-2016-042
H— 2424 displaced dimuon 32.9 | Zg lifetime 0.009-24.0 m m(Zy)= 40 GeV CERN-EP-2018-173
VH with H — ss — bbbb 1 —2( + multi-b-jets 36.1 s lifetime ~ 0-3 mm B(H — ss)=1, m(s)= 60 GeV 1806.07355
(300 GeV) — s s 2 low-EMF trackless jets  20.3 | s lifetime . o02979m o % B=1 pb, m(s)= 50 GeV 1501.04020
(300 GeV) — s 5 2 ID/MS vertices 195 | siifetime PoHesEiER| o x 3= 1pb, m(s)=50 GeV 1504.03634
(600 GeV) — ss 2 low-EMF trackless jets 3.2 | slifetime 0.09-2.7 m o x B=1pb, m(s)= 50 GeV ATLAS-CONF-2016-103
®(900 GeV) — s 5 2 low-EMF trackless jets 203 | s lifetime _ o x B=1 pb, m(s)= 50 GeV 1501.04020
(900 GeV) — s's 2 ID/MS vertices 195 | slifetime - ott183m o x B=1 pb, m(s)= 50 GeV 1504.03634
D1 TeV) > ss 2 low-EMF trackless jets 3.2 | slifetime 0.78-16.0 m o % B=1pb, m(s)=400GeV | ATLAS-CONF-2016-103
HV Z'(1 TeV) - qvay 2 ID/MS vertices 203 | slifetime . otasm o % B=1 pb, m(s)= 50 GeV 1504.03634
HV Z'(2 TeV) — quagv 2 ID/MS vertices 20.3 s lifetime | oxB=1 Plb: m(s)=50 GeV 1504.03634

- {=13Tev

*Only a selection of the available lifetime limits on new states is shown.
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: July 2018 [L£dt=(32-79.8) b} Vs=8,13TeV
Model Ly Jetst ET™ [rdim”] Limit Reference

" ADD Gk + g/q Oenu 1-4j Yes 36.1 Mp 7.7 TeV n=2 1711.03301

= ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147

',,9, ADD QBH - 2j - 37.0 Mun 8.9 TeV n=6 1703.09127

S ADDBHhigh ¥ pr >leu >2j - 32 | My 8.2 TeV n=6,Mp = 3TeV, rot BH 1606.02265

§ ADD BH multijet - >3] - 3.6 My, 9.55TeV n=6,Mp=3TeV,rotBH 1512.02586

: RS1 Gkk — vy 2y - - 36.7 Gy mass 4.1 TeV k/Mp; = 0.1 1707.04147

S Bulk RS Gy —» WW/ZZ multi-channel 36.1 Ggk mass 2.3 TeV k/Mp =1.0 CERN-EP-2018-179
Bulk RS gk — tt 1e,u >1b,>1J/2j Yes 36.1 gkk Mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP teu 22b2>23j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(A®Y - tt) =1 1803.09678
SSM Z’ — (¢ 2epu - - 36.1 Z’ mass 4.5 TeV 1707.02424

(%) SSM Z' — 17 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242

§ Leptophobic Z’ — bb - 2b - 361 | Zmass 2.1 TeV 1805.09299

B Leptophobic Z" — tt 1e,u >1b,>1J/2) Yes 36.1 Z’ mass 3.0 TeV rm=1% 1804.10823

& SSM W’ = (v 1epu - Yes 79.8 W’ mass 5.6 TeV ATLAS-CONF-2018-017

3 SSM W’ — v 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992

3 HVT V' - WV — gqqq model B 0 e, u 2J - 79.8 | V' mass 4.15TeV gv=3 ATLAS-CONF-2018-016
HVT V' —» WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gv =3 1712.06518
LRSM Wy, — tb multi-channel 36.1 | W’ mass 3.25 TeV CERN-EP-2018-142

— Cl gqqq - 2j - 37.0 A 21.8TeV . 1703.09127

(&) Cl ttqq 2e,u - - 36.1 A 40.0 TeV 7, 1707.02424
Cl tttt >lepu 21b,21j) Yes 36.1 A 2.57 TeV |Cae| = 4n CERN-EP-2018-174

s Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mpyed 1.55 TeV 84=0.25, g,=1.0, m(y) = 1 GeV 1711.03301

aQ Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mpned 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
VVxx EFT (Dirac DM) Oe pu 1J,<1j  Yes 3.2 M, 700 GeV m(y) < 150 GeV 1608.02372
Scalar LQ 1t gen 2e >2j - 3.2 LQ mass 1.1 TeV =1 1605.06035

9. Scalar LQ 2" gen 2pu >2j - 3.2 | LQmass 1.05 TeV B=1 1605.06035
Scalar LQ 3 gen lep 21b23] Yes 203 [ICHESININes0Gav B=0 1508.04735

£ | VLQTT - Ht/Zt/Wb+ X multi-channel 36.1 | Tmass 1.37 TeV SU(2) doublet ATLAS-CONF-2018-032

g VLQ BB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet ATLAS-CONF-2018-032

&  VLQ T53Ts3|Ts3 » Wt + X 2(SS)/>28eu>1b,>1] Yes  36.1 Ts/3 mass 1.64 TeV B(Tsj3 » Wt)=1, c(Ts;3 Wt)=1 CERN-EP-2018-171

D VLQY - Wb+ X 1e,u  =21b>1j Yes 3.2 Y mass 1.44 TeV B(Y — Wh)=1, c(YWb)=1/V2 | ATLAS-CONF-2016-072

S  vLaB o Hb+ X Oep,2y >1b,>1j Yes 798 |Bmass 1.21 TeV kg=05 ATLAS-CONF-2018-024

{, VLQ QQ — WgWq Ten 24]  Yes 203 [lQESSEeo0cEv 1509.04261

8] Excited quark ¢* — qg - 2j - 37.0 q° mass 6.0 TeV only u” and d*, A = m(q") 1703.09127

§ Excited quark ¢* — qy 1y 1j - 36.7 q°' mass 5.3 TeV only u” and d*, A = m(q") 1709.10440

2 Excited quark b* — bg - 1b1j - 36.1 b* mass 2.6 TeV 1805.09299

E Excited lepton ¢* 3en - - 20.3 A=3.0TeV 1411.2921

= Type Il Seesaw 1eu >2j Yes 79.8 ATLAS-CONF-2018-020
LRSM Majorana v 2e,u 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020

. Higgs triplet H** — (¢ 234eu(SS) - - 36.1 | HE mass DY production 1710.09748

D Higgs triplet H** — (r 3eput - - 20.3 DY production, B(H;* — (1) =1 1411.2921

© | Monotop (non-res prod) 1eu 1b Yes 203 Bnon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, || = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

r 1l " " L3 o3 o3 aal " " o933 gl " " PR
V5=13TeV -
- 107 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
+Small-radius (large-radius) jets are denoted by the letter j (J).
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Why SUSY at all?

« Hierarchy problem: Higgs mass subject to
quadratically divergent loop corrections.
—> Incredible fine-tuning

rotational velocity

tkm/s) ‘ e
/\_—.\m__

~ " 50000 100000
distance from center [light years)

« Grand unification: Standard Model coupling
constants do not unify at high scales.
- SM does not imply a Grand Unified Theory

THE UNIVERSITY
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Dark matter: Cosmological
data suggest presence of
dark matter > No explan-
ation within Standard
Model




leptons $

gluino { .
Neutralinos { ....
Charginos {..

illustration by M-H Genest SUSY, this is what we often “claim” we’re searching for...

Higgs
bosons
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SUSY: Strong, 3™ gen and Electroweak Production
Squark and Gluino mediated light jets

» ; Z/h
1 <= X
-~ X2
>I @ + many more

b t

p 4 p
i< % t_. X
>I” o
~ oF ~
~o X1 - Ssa -
7 X1 i i"x?

w
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Simplified Models

3-body direct decay

1-step cascade decay (W)

1-step cascade decay (Z)

3

mass

mg -+

+4qq

g

mass

3

<
< X Ny

mass 1

D. Alves et al J. Phys. G: Nucl. Part. Phys. 39 (2012) 105005

The way in which we design, and optimize, searches at LHC.....

..... not just an organising principle, this is what we search for!
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Simplified Models

3-body direct decay 1-step cascade decay (W) 1-step cascade decay (Z)
mass | mass mass 1
mg + g mg <+ g mg + g
—/ —
mX:i:__ \ 4 X mX,O__ ) 4 X
+
+W 70
Mo | XO Mol _v XO myo] y—|_ XO
Spin O Spin 1/2
| set to high gluino { B
squarks
i mass (many Neutralinos{ TOO heavy!!
TeV), do not
contribute! _ { x:
sleptons Charginos 1
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What we usually show....

\l§=13 TeV, 36.1 fb” July 2018
;‘ 3500 B T T | T T T | T T T | T T T | T T T ¥ T T
& [ Godm, Olep. (171202332 ATLAS Prellmlnary
= | G bbX 23brjets [1711.01901] ]
33 3000 G- i >3bijets + >2lep. SS [1711.01901, 1706.03731] ]
=t - o quzf 0 lep. + 1 lep. [1712.02332, 1708.08232) .
L G qawzy] 27-11jets +1lep. + > 2 lep. SS i
25001~ [1708.02794, 1708.08232, 1706.03731] ]
= G i) via I 21ep. OS SF + > 3 lep. [1805.11381, 1706.03731]
i > 17 [SUSY-2016-30] ]
20001 > 1y [1802.03158] __
L Al limits at 95% CL ]
1500 -
1000 —__ = S\ N
= ]
N -
500 % .
B | | | | | | | | | | | | | | h | ) | | ﬁ\\ 1 | ]
1000 1200 1400 1600 1800 2000 2200

m(g) [GeV]

500

400

300

200

100

T, production, T— b £ % /T~ c %, /T—> Wb 7, /T~ t %]

May 2018

ATLAS Preliminary Vs=13 TeV, 36.1 fb”!

BTt /T Wby oL [1709.04183]
—t—>tx6/t1—>WbX6/t1—>bffxb 1L [1711.11520]
-t—>tx/t—>be1/t—>bffX 2L [1708.03247]
—.t—>CX /t—>bffx Monojet [1711.03301]
—T-cy, cOL [1805.01649]
=8 TeV, 20 " Run 1 [1506.08616]

—— Observed limits = Expected limits All limits at 95% CL
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Experiments tend to show these plots as a summary of what has been excluded.

In all cases these limits are under very restricted conditions...
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General philosophy ATLAS

EXPERIMENT

The general principle of the = SRH - High Mass
approach for high and
intermediate masses is the same. ——— SRl - Intermediate Mass —>
At much smaller mass splitting we ———-  SRL - Low Mass
need a different approach. -
MI N SRC - “compressed” masses —»

All optimized using

Mp simplified models &

Mp = Parent mass
M, = Invisible mass

THE UNIVERSITY
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New(ish) approach to
reconstructing open final states

The strategy 1s to transform observable momenta iteratively
reference-frame to reference-frame, traveling through each of
the reference frames relevant to the topology

Recursive: At each step, specify only the relevant d.o.f. related to that
transformation = apply a Jigsaw Rule.

Repeat procedure recursively according to particular rules defined for each
topology (the topology relevant to each reference frame)

Jigsaw: Each of these rules is factorizable/customizable/interchangeable
like jigsaw puzzle pieces

complete basis of useful observables for each event

PJ, C. Rogan, Phys. Rev. D96 112007 (2017)

PJ, C. Rogan, M. Santoni, Phys. Rev. D95 035031 (2017)

M. Santoni, “Probing Supersymmetry with Recursive Jigsaw Reconstruction”, PhD Thesis (2017)
M. Santoni, JHEP 1805 058 (2018)

[ Rather than obtaining one observable, get a J
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Recursive Jigsaw Reconstruction technique

Original method to reconstructing final states
with weakly interacting particles.

() Lab State

Transform observable momenta
reference-frame to reference-frame

Jigsaw rules: specify the unknown d.o.f.
relevant to the transformation
(customizable-interchangeable

like jigsaw puzzle pieces)

The procedure is repeated recursively,
travelling through each of the reference
frames relevant to the topology

Rather than obtaining one observable, get a complete basis of useful variables
diagonalized with physical observable: angles, energies, masses ...

PJ, C. Rogan, Phys. Rev. D96 112007 (2017)

PJ, C. Rogan, M. Santoni, Phys. Rev. D95 035031 (2017)

M. Santoni, “Probing Supersymmetry with Recursive Jigsaw Reconstruction”, PhD Thesis Uni. Adelaide (Dec 2017)
M. Santoni, JHEP 1805 058 (2018)
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RJR technique

e Original method to reconstructing final states OLab State — ot Invisible Rapidity
with weakly interacting particles. ODecay Siaine et Iovisible Mace
e Transform observable momenta ‘Visible States — Contra-boost Invariant

reference-frame to reference-frame

« Jigsaw rules: specify the unknown d.o.f.
relevant to the transformation
(customizable-interchangeable
like jigsaw puzzle pieces)

* The procedure is repeated recursively,
travelling through each of the reference
frames relevant to the topology

» Rather than obtaining one observable, get a complete basis of useful variables
diagonalized with physical observable: angles, energies, masses ...

PJ, C. Rogan, Phys. Rev. D96 112007 (2017)

PJ, C. Rogan, M. Santoni, Phys. Rev. D95 035031 (2017)

M. Santoni, “Probing Supersymmetry with Recursive Jigsaw Reconstruction”, PhD Thesis Uni. Adelaide (Dec 2017)
M. Santoni, JHEP 1805 058 (2018)
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RJR technique

Original method to reconstructing final states OLab State
with weakly interacting particles.

Transform observable momenta
reference-frame to reference-frame

Jigsaw rules: specify the unknown d.o.f.
relevant to the transformation
(customizable-interchangeable

like jigsaw puzzle pieces)

The procedure is repeated recursively,
travelling through each of the reference
frames relevant to the topology

Rather than obtaining one observable, get a complete basis of useful variables
diagonalized with physical observable: angles, energies, masses ...

PJ, C. Rogan, Phys. Rev. D96 112007 (2017)

PJ, C. Rogan, M. Santoni, Phys. Rev. D95 035031 (2017)

M. Santoni, “Probing Supersymmetry with Recursive Jigsaw Reconstruction”, PhD Thesis Uni. Adelaide (Dec 2017)
M. Santoni, JHEP 1805 058 (2018)




SUSY searches with RJR @A LAS

FXPFR FN

Scale Variables

where:

n : number of visible ojects considered as independent
m : number of invisible ojects considered as independent

~t ~ ~t ~
F : frame under examination (can be PP (X1 Xg) or P (X1 or Xg))

Examples used in this analysis:
Hi% = (6 + 6 + eg)”” P() + (Xla + Rp + ya)P” P()
HT L = 67 .Pt() + 65" .Pt() + jet;” .Pt() + jets .Pt() + (Xla - le)PP Pt()
HEs = of P() + 052 P() + X172 P()
HY: = jet!s P() + jets®.P() + X17.P()

PJ, C. Rogan, Phys. Rev. D96 112007 (2017)
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Electroweak SUSY searches with RJR ATLAS

EXPERIMENT

Standard Decay Tree
Two sets of SRs based on lepton
multiplicity. High / /Low

AT
0000

\\\\\\\
NN

ISR Decay Tree
Requires a system of
jet(s) to boost the signal

L1 L1 |
300

400

ISR and Low mass are
designed to be orthogonal
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3lepton Standard Tree Definitions ATLAS

EXPERIMENT

Region Neptons Njets Np-tag peTl [GeV] peT2 (GeV] peT3 [GeV]
CR30-VV =3 <3 = > 60 > 40 > 30
VR3(-VV =3 <3 = > 60 > 40 > 30
SR37_High =3 <3 = > 60 > 60 > 40
SR3¢_Int =3 <3 = > 60 > 50 > 30
SR3/(_Low =3 =0 =0 > 60 > 40 > 30
. w PP b HT kai
Region mee [GeV]  my [GeV]  Hyj [GeV] P 7 HET, H?P,’Pl’ Hg"i
CR36-VV € (75,105) € (0,70) > 250 <02 >0.75 -
VR3/(-VV € (75,105) € (70,100) > 250 <02 >0.75 —~
SR37_High 4, € (75,105) > 150 > 550 <02 |>07 A >038
SR3/_Int € (75,105) > 130 > 450 < 0.15 > 0.8 > 0.75
SR3/_Low ] € (75,105) > 100 | > 250 < 0.05 > 0.9 -
7 [ATLAS ®  Data20t5 and 20t Can leverage the behavior
1o VS =13 TeV, 36.1 ' [Jw [ Jother . .
Wy ek Uneen of the physics variables we
Wi oo T (g2 ™) =200:100] GV design to target signals
Select events: Jests get sig
. ) in a more natural way.
- with 3 high pT leptons v
- |+L- pair at the Z-mass Similar selection optimization
- use RJ variables to define performed for 2lepton regions

sensitive regions of phase space

Data / Bkg
PRI STATG]

T 1x10°
20 40 60 80 100 120 140 160 180 200

m,[GeV]
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3lepton ISR Tree Definitions ATLAS

EXPERIMENT

. ¢ ¢ ¢
Region Nleptons Njets Np-tag pT1 [GeV] pT2 [GeV] pT3 [GeV]
CR3/_ISR-VV =3 > 1 =0 > 25 > 25 > 20
VR3/_ISR-VV =3 > 1 =0 > 25 > 25 > 20
SR37ISK =3 €[L,3] =0 > 25 > 25 > 20
Region mee [GeV]  my [GeV] AR Risr  prise [GeV]  pEY [GeV]  pEM [GeV]
CR3(ISR-VV € (75, 105) < 100 >2.0 € (0.55,1.0) > 80 > 60 < 25
VR3¢ISR-VV € (75,105) > 60 > 2.0 € (0.55,1.0) > 80 > 60 > 25
SR37ISR € (75, 105) > 100 >2.0 € (0.55,1.0) > 100 > 80 < 25

~0

RestFrames Event Generation %: ’i:—> /(] x, htyv) i:]

~0 _

RestFrames Event Generation x:) —Z(1* 1) ZU h(yv) ZIU

A 500, m_,= 350 n 1 1400’
0.035E % 500, m = 400 [ \ | 1200k m;, = 300GeV
0.03 — m = 500, m ‘=425 : - my =450 Gev _:
~ g % d \ ; 1000 o+ Oz
% & 0.025F —— my= 500, m_=43 \ ] E F o &
e E —m_=500, m_=475 E < = )
5 00T A iy °|"x  Complementarity between the
—lz 0015 \ o 0* [¥% Ry variable and P; iz outlined
0.01f i : TR
: -z in detail in:
0.005F o £ N . PJ, C. Rogan, M. Santoni,
02 04 06 08 2 14 PRD 95 035013 (2017)

82~ 05 06 07 08 09 1
RISR

ISR
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Control Regions — 3lepton ATLAS

EXPERIMENT

Emsg',q'n_',q's‘ "' eData2015and 2016 E’ FATLAs” 7T e Data2015and 2016
w [ Vs=13TeV, 361 fo! [Vv [ ]Others E 0103k Vs=13TeV,36.1fb" [Jvv  [JOthers
N [ CR3-WV WYV KIBkg. Uncert. S EcRar-w BWVVW IBkg. Uncert.
[ PPN _| 0 C
=10°E E| <
§ 8 ® E 8102
B >
i ] i
— ]
10
2 L — 10; |
L i E "‘
v S j; o
E E E o e
F B F oo
i ] i il
1071 — 71.”‘””””HH\HHHH‘.
10 ]
) s 2
%1-5; 215k ¢
< - 1
S - ©
] A BOSEIS e
50 100 150 200 250[ 300 250 300 350 400 450 500 550 600
p;[GeV] H' [GeV]
10— 71— —10°
8 E ATLAS e Data 2015 and 2016 S e Data 2015 and 2016 -
o [ s=13Tev,36.1f6" W [JOthers ] @ W []Others ° VR, SR
N C
=10 | CR3¢_ISR-VV BV [JIBkg. Uncert. 0102 VvV RJIBkg. Uncert. g Unblind when BG model Unblind when BG model
T F 3 w @ established validated
(0] L 1 L aaa s (2]
it 1 ket RORERA L 8, o
10 105
I B
e E 1 E Unblind when BG model
F I 7 s E established
10-1 bt w ol — | T S TUU TP TP TP P P T Observable 2
) s 2
245 215 ¢
~ 1 5&2\% ST U1 IR TERERR R e e otototet
205 S 05 RS RRARRKS SRR
S S S S ST S J ind I T T P D T .
o}
100 150 200 250 300 O 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
pcM_[GeV] R
TISR ISR
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Control Regions — 2lepton ATLAS

EXPERIMENT

> 10 1 —— A0 e e
$10° ATLAS o Data 2015 and 2016 3 [AfLas "TeDaaz0isand20i6 ] & [ ATLAS ‘ "e Data 2015 and 2016
9 ls=13TeV,36.1fo"  [zsjets EIWt o ls=13TeV,36.1 " [zijets MWt : 3.l ls=13TeV,36.1fo"  [zijets EWt+E ]
2 102 CR2/_ISR-Top v LlOthers = 10°E cRar -vv Cw  [JOthers = = 10°EcRrar-vv [vwy  [Others =
= K3Bkg. Uncert. s F KIBkg. Uncert. 3 c F XIBkg. Uncert, 1
> r - S r

it} @ 10 w10

!
959

%0
255

PENRRTIT RN 717 Mo |

NIRRT | 5 PR §

107 107" 107
= XA
i X
_ - o KX XJ
102 1072 10
2 .2 2
2 . 2 . [ ] 2. 2R ] hd I I
A AR P T Lo e Lo L 818 Y ‘
© = 4 @ ST IO NNN
e 50 100 150 200 250 300 © 50 100 150 200 250 300 200 300 400 500 600 700 800
piGeV] piGeV] H, 7 [GeV]
> HELRL AN B B B R R BN DU > F T T e T T T T 3 . SRS RRAEE LN RN RN R BN R I S
& [ ATLAS o Data 2015 and 2016 3 ATLAS e Data 2015 and 2016 ] S [ ATLAS e Data 2015 and 2016
g10°E/s=13TeV,36.1 10"  [z4jets MWt 2 1 02;@:13 TeV,36.110"  [z+jets MWt 7 2, 02;@=13 TeV,36.1 10" [z+jets EIWtE
> CR2¢-Top vy  LJOthers = E CR2r_ISR-VV v  [JOthers 2 ¥ E CR2_ISR-VV vy  [JOthers
%102 KIBkg. Uncert. ‘q:: C PBkg. Uncert. 7 w C KIBkg. Uncert.
Lﬁ Lﬁ 10 = 10 VIV 9.9.9.9.9.9:9.
10 E AR
~~~~~~~~~ :
1 = TESS
1 E X
_ ] 15
0 10° -
2
0909%%
~ ~ 2 RXXS
102 1072 10
S 2 .2 5, 2
%’1.3‘ 3.?151 gtﬁmmm‘ 4
o ? 2050 s o :
R T DTN B s T | BOORRRSL B
400 450 500 550 600 650 700 750 800 O 50 100 150 200 250 300 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
H [GeV] piGeV] Risn

LN
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Validation Regions ATLAS

EXPERIMENT

— T T T 4 — T T T
siotbarias T e T 310 attas T Tebaa T siocbamas T e T
3 s=13TeV,36.1fb"  [zjets MWt ] S 10°L 5 =13TeV,36.1f0"  [z+jets EWt 3 ls=13TeV,36.1fb"  [zjets MWt 3
;103 VR2/_Low-Zjets DVV [JOthers E > VR2¢-Top DVV [JOthers ;102 VR2/-VV DVV [JOthers 4
g K KIBkg. Uncert. 7 *GEJ 5 XKIBkg. Uncert. g K3Bkg. Uncert. 3
& 10° 4 3 & .

3 10 Bt xxx o
10 4 S et N s WY YON -
e - 1 1
10*‘;— i 107! 107 3
102 b b 102 102 ]
) 5 2 5 2
%1'51 T ﬁ-?151 %’151
=~ =~ ' =~ 5050503
§0'5....|....|....|....|....|‘.'..|....|.... 50'5...,1....|.‘..|....|..‘.1....1....1.... §0'5....|....i....|,‘..|....|‘...|.’.|..‘.
400 450 500 550 600 650 700 750 800 400 450 500 550 600 650 700 750 800 400 450 500 550 600 650 700 750 800
Hy [GeV] H" [GeV] H" [GeV]
10— g i R e e A NARS ARARA Ra S s
E S ATLAS " e Data 3 s ramas T epata T

C Bl ] =~ 4
o [15=13Tev,361f' W [Johes ] gyl =13TeV, 361" [JW [IOthers | Study phase space even closer
~ 102 | VR3¢-VV HVVV  KIBkg. Uncert._| o £ VR3/_ISR-VV HWVVV JBkg. Uncert. 3 .
a7 F 3 C e e ]

g {9 w1 to the SR to check variables
S b a%% 4% AR R (VYRR e
i} ~d 10 =
10F " : . are well modelled.
: : i 1 All looks good.
1 3

..r 101

10" S S .
2 I &2 o 2 é Hm‘mmxr?\:‘w 5 model Unblind .ime-nm-»l
é 1 \L.-; ¢ < : é 151 ﬁ established validated
%0'5....|....|....|..‘.|.. %0'5....|....|....|....|....|....|....|....|....|.... °
O 250 300 350 400 450 500 550 600 © 05 055 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 VR,
H:F;’F; [GeV] R'SR Unblind when BG model

established
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Unblinded results ATLAS

EXPERIMENT

* Main background contribution is from WV (3I), VV and Z+jets (2I)

» Control and Validation Regions enriched in these processes demonstrate
that the key backgrounds are well modeled

e Z+jets prediction from a dedicated photon template sample

*  We see excesses, in 4 signal regions, all targeting the low mass splitting

o 10'E T T T T T T T 3 o 10 g1 T T T T T T T 3
S = ATLAS —e—Data 3 ATLAS —*— Data Ewit 3
2 - - . Z+jets [Jother =
& _ ¥ & [ {s=13TeV, 361" B 2+
£ 10° Ys=13TeV, 36.1 fb [CJw [Jother d s 10 =131 o w Rsko. Une. 3
5 E_._..M 3 l B B<YBkg. Unc. 3 3 2 l =
E 2L ' EIPVEPEVIVIEVE ] 5 ~o- =
E 10 E_ 35 = 3
- Py . .
10
10 ¢
E T
B 1
TE
- 107"
107" ' )
5 — o 2=
5} g e = ok
3 ’E = e . . :
< 4 . 2 Choy VRzy Rz, Via, Vi, VRl s, SR Sm
o . : : c° Top " Top W Sy T Mgl Loy, S Higy, Rt~
g SR SR R, VR N ) W-Zigro 9N
< 3¢ ,\ 3¢ Loy, %VV 3¢ s, " TJets ots
Signal Region SR2¢_High SR2¢_Int SR2¢_Low SR2¢_ISR
Signal Region SR3¢_High SR3¢_Int SR3¢_Low SR3¢_ISR
10b q . 5 I 2 b Total Observed events 0 1 19 11
Tot. served events
Total Background events 1.9+0.8 24+09 8458 2.7+28
Total Background events 1.1+£0.5 23+0.5 10+£2 39+1.0 o 0.02 £ 0.0 005012 0.02°107 0,060 3'3
er .02 + 0. 05" .027 067
Other 0.037097 0.04 +0.02 0.02:034 0.06°21  Fit output, Wt + i 0.00 £ 0.00 0.00 + 0.00 0.57£0.20 0287831
Triboson 0.19 +0.07 0.32 + 0.06 0.25 +0.03 0.08+0.04  Fit output, VV 1.8+0.7 24+038 1.5+09 23+1.1
Fit output, VV 0.83 £0.39 1.9+0.5 10+2 3.8+1.0  Z+jets 0.07+978 0.00*074 63+5.8 0.10+23%
Fit input, VV 0.76 1.8 9.2 3.4 Fitinput, Wt + if 0.00 0.00 0.63 0.28
Fit input, VV 1.9 2.6 1.6 24
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Results — 2lepton

ATLAS

EXPERIMENT

Signal region SR2¢_High SR2¢ Int SR2¢ Low SR2¢ ISR
Total observed events 0 | 19 11
Total background events 1.9+0.8 24+09 84+5.8 2.738
Other 0.02+0.01 0.051”8:(1):5" 0.02:1):8; 0.06f§:§§
Fit output, Wt + tf 0.00 +0.00 0.00 £ 0.00 0.57 +£0.20 O.28f0:28
Fit output, VV 1.8+0.7 24+0.8 1.5+0.9 23+1.1
Z+jets 0.07‘_”8%?, 0.001”8:(7)3 6.3+£5.8 0. IOfg:fg
Fit input, Wr + 1t 0.00 0.00 0.63 0.28

Fit input, VV 1.9 2.6 1.6 2.4

THE UNIVERSITY
ofADELAIDE

Number of events

Wege—T"—"—7T"T1T"T"T7T T T T T T T T T 7 —
ATLAS —e— Data [ wist
s=13TeV, 36.1 fb' 0 Z+jets [(Jother

1o’ r . 2 PNBkg. Unc.

102

] IIIII.I]] ] lIIIlI.I] | IIII|.|I|

SRo,  SR2, , CRo,  VRo, CRo, VRo, VRo, SR
Higp linp <l Loy, liSR Sl isp Sl s, Stisp Slsp Sl IS
e 00 T oW S PRTGRSR o SRy Ry SR g SR

CRo, I//:,’Q CRo, VFI’? VH? I/,qe 8,92
“Top ~*"Top -y -y ”\H/g,,?/%éow_zf

arXiv:1806.02293




Results — 3lepton ATLAS

EXPERIMENT

SR3{¢_Low SR3¢_ISR

SR3¢_High SR3{_Int

Signal region

Total observed events 2 1 20 12
Total background events 1.1+£0.5 23+0.5 10+£2 39+1.0
Other 0.03*997 0.04 +£0.02 0.02+5-34 O.O6t8:(1)g
Triboson 0.19+0.07 0.32+0.06 0.25+0.03 0.08 +0.04
Fit output, VV 0.83 +£0.39 1.9+0.5 10+2 38+1.0
Fit input, VV 0.76 1.8 9.2 34
@ 10'g | T T T T T T 5
& = ATLAS —e- Data =
_g 100 = Vs=13TeV,36.1 fo! 3 l [Jwv [ Jother -
= SR - W B BKg. Unc. 3
Re! [ P! .
= 2 o @A ARG HE i\
s 10 = arXiv:1806.02293
s J
E \/Y\/Y\/Y\/Yﬂ
E
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3lepton — ISR Signal Region ATLAS

EXPERIMENT

e B T > 20T ~ 10—
& 40EATLAS ®  Data 2015 and 2016 E & 1g[ATLAS ®  Data 2015 and 2016 = & oEATLAS ®  Data 2015 and 2016 E
< 35§\E=13Tev, 36117 vy [Jother E Q 1gL'q= 13 TeV. 361 o7 [wv [ Jother E Q ghls=13Tev, 361" [y [ Jotner 3
g 305 SR3CISR .VVV @Bkg. Uncert. E yé 14;8 3L_ISR .VVV @Bkg. Uncert. é g 7;SR3{;—ISR v B9 Bkg. Uncert. é
g’ . . [m, .,m ]=[200,100] GeV] g’ 12i A . [m, .,m ]=[200,100] GeVT q>-’ Bi I [m, _,,m_]=[200,100] GeVH
w 25 L1 E I E L E 1T} E L/, % E
20 E 10 = SE E
E 8 < = 4F E
15 3 6L .. 3 3 E
10k E 45 3 2E 3
5 é oF [t . l —f 1k j
0 \+: E,. . .1 Lt L . A iana foL:ve Sliedes | pndy |
2.5 3] 2.5 ' ' ¢ 2.5 | 53505
R T S o E e s s st S I
BEES SRR
go5 . FOS[ b 505 i 3 . 298
e 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 100 150 200 250 300
m¥ [GeV] P [GeV] oY [GeV]
> 10— 71— 7 7 1 812V"w"'w"'w"'w""x"'w"'A
8 oEATLAS ®  Data 2015 and 2016 3 S [ATLAS ®  Data 2015 and 2016 ]
© _E{s=13TeV, 36.1 fb" E ~ 10{s=13TeV,36.1 fb" ]
& gb ; [Jw [ ]other 3 o 10p : [Jw [ ]other ]
L 7;SR3USR [ W K Bkg. Uncert.é g siSRsl—ISR v K Bkg. Uncert.j The Shape Of the excess
2 6k . _»M ]=[200,100] GeV] F oo [m, _m ]=[200,100] GeV- . .
o 6 o g MO0 68 i e TR0 55 events are similar to that
5E E 61 . .
it E g predicted from the signal
E 3 /|-
3 — = b hd
3 E : model used to optimize
B E 21~
W R B S I the search.
o 2 ~ o 2
%15 L 35 % 1.5k
gos R \ o]
100 150 200 250 300 0.3 04 05 06 07 08 09 1
pc!  [GeV] Rin
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Results — Low Mass Signal Regions ATLAS

EXPERIMENT

18

—_
o]

& 1oF ATLAS e Data2015and2016 o 16 ATLAS , @ Daa2015and2016 3
ol E B fa _ - _ =

g 'PF Vs=13TeV,36.1 10" guios mWi ; % Vs=13TeV,36.1 10" s, icrs MW g
° 14;SR21—L°W [Jvv  []Others E 2 14-SR2¢_Low v [ Others E
§ 12F Bkg. Uncert. 12 KX Bkg. Uncert.
o e = R ,m_]=[200,100]GeV|
100 [mi:/if'mif] [200,100]Ge¥ 10 [miZ/if mi‘] [ ] ej
8- = E
RS E E
SR ; :

XX

XYY I

650 700 : : 07 .00
HE” [GeV] min(H",H*/min(H]",H')

E 12'_14TL)45 ‘ ‘ ‘ 0‘ Da‘ta 20‘15 an‘d 201‘6 I J E 9
o | Vs=13Tev.36.1f0" [Jw [Jothers ] o F
= 10[-SR3¢_Low B VYW KXIBkg. Uncert. - ~ 8
E f womwn M, ,m_,]=[200,100]GeV 5 7
o 8 R = i 6
6 = >
C ] 4
4 7 3k
C 7 ok
of | J8% X
W% 1:

0 A I R T 700 e ] £ BRI R RSN

60 80 100 120 140 160 180 200 220 240 260 550 300 350 400 450 500 550 600 650
pGeV] HE? [GeV]

Similarly, there are excess events in data compared to our prediction in the
Low mass SRs. The upper right distribution was not used in the event selection.

LN
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3lepton — Low Mass Signal Region ATLAS

EXPERIMENT

> 4Sp g To) LN L A L L B — 12
$ 40 ATLAS ®  Data 2015 and 2016 E 2 30[-ATLAS ®  Data 2015 and 2016 7 2 L[ATLAS ®  Data 2015 and 2016 ]
Q . [/5=13Tev. 36117 [y [ Jother ] @ [ls=13TeV. 361107 [y [ Jother ] £ 10-s=13TeV,36.1 " [y [Jother .
= 35SRar Low oo e, 1§ 2°FSA3¢ Low o ] ¢ [ sRarlLow B, Uncort.
2 o0k .vvv @ g. Uncert. 3 S .vvv @ g. Uncert. 1 @ gr v BXJBkg. Uncert. E
g A . [m, __,m_]=[200,100] GeV7 20 e [m, ..m ]=[200,100] GeV r — . [m, .,m ]=[200,100] GeV-|
1 25 Lt % = F L%, ] r L% % ]
20 — 3 150 < E °F E
15k 3 10§ 3 ar g
10§ + & C ] C ]
5 + E G 4 2- .
q r b F @ e 4
0 . I T £ Y= C Erebent % N
o 2 T | o 2 ? o 2 T
g ® [ X [ R
91'5 NN VNN NNNINNN NS N 515 91 5 RN
S0 P\ KX ¢ ~ 1 5 1
g 0.5 ) ‘ ‘ L 4 ‘ ‘ ‘ ‘ ‘ I -g 0.5 ‘ ‘ ‘ W §05 ‘ ‘ ‘ ‘ ‘ ) ‘ ‘ 2%&
% 40 60 80 100 120 140 160 180 200 © o 005 01 015 02 025 03 0 0102 03 04 05 0.6 07 08 09 1
Py P
m¥ [GeV] S, A H/H,
8 LI L L L %14 LA L L I L B
. = ATLAS ® Data2015and 2016 . FATLAS ®  Data2015and 2016 ] 1 1
S 251 E Gk ]
5 [fs=13Tev.36.1m" [y [ Joter ] 3 12[ls=13Tev,36.1 1" [y [Jotner E In t.h]S reglon, there are
C . . ~ [ 4
§ 20| SR3! Low W Eeeucen | 2 10/ SR W B3k ncer - variables where the excess
w L — . [m, _.,m ]=[200,100] GeV] 0>-> C — . [m, _.,m ]=[200,100] GeV] . .
150 R {4 R E events clearly differ in
r 6 1 .
ob : shape from that predicted
- : by the signal model.
5 2
PN i, oo K I SRS SOIE ok ]
o 2 2
n15 215
S = 1
go5 £05 )
0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 © 200 250 300 350 400 450 500 550 600

HE /H3 S HE [GeV]
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Statistical Interpretation ATLAS

EXPERIMENT

Signal region <60’)905bs [fb] S 905bs S %Sxp po (Z)
SR3¢_ISR 0.42 15.3 6.973) 0.001 (3.02)
SR2¢_ISR 0.43 15.4 9.7+3:% 0.02 (1.99)
SR3¢_Low 0.53 19.1 9.5 13 0.016 (2.13)
SR2(_Low 0.66 23.7 16.193 0.08 (1.39)
SR3(_Int 0.09 33 44432 0.50 (0.00)
SR2(_Int 0.09 33 4.6739 0.50 (0.00)
SR3¢_High 0.14 5.0 3.9103 0.23 (0.73)
SR2(_High 0.09 32 4.0+23 0.50 (0.00)

To remain as conservative as possible, and to avoid model
dependent statements, we do not combine the significances

sk Wovieen oy arXiv:1806.02293
> E 3
& 450F-ATLAS Internal | Expected lmit (+ 10, 3
E‘N 4005—‘/§= 13Te...... b —— Observed limit (1 cﬁif:/) —E
:_2/3 lepton SRs _5 )
0 Gaisical Combinaton 1 Excesses of 3.00, 2.00,. 2.10 and 1.40 in
S00E Miimits at o5 GL e 7 the four regions targeting moderately
250 —
oot e ..~ 1 compressed EWK SUSY.
150F- IR
100 ({4 Thisis the largest excess seen in an ATLAS
soE /). 4 search for Supersymmetry
1000 - |260| - I?:(;OI - I4(I)OI - I5C|)0| - |6$(|)0|:| I I7?O
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Statistical interpretation ATLAS

EXPERIMENT

Signal region ~ SR2¢_Low  SR2¢_ISR

The four signal regions with excesses were

ee 9(4.5+£3.9) 3(1.2£1.2)  studied in terms of their flavour
HH 103.9+£2.6) 8515  composition - looks as expected.
Signal region ~ SR3{_Low  SR3/_ISR MANY other cross-checks performed.
eee 6 (3.5£0.7) 3(1.1+0.3)
eejl 6 (2.0+£0.4) 3(0.9+0.3) .. )
L 7(27+0.6) 4 (1.5+0.4) Improvgd limits at. high mass compared
e 1 (1.9+0.4) 2 (0.4+0.1) to previous analysis......with weaker
limits at low mass due to excesses
observed.
LE WV /aa E 2o )7 LI, ->WE1vIga) T Z- I
< 500 g < B00EF e g
& 4s0f-ATLAS . e Expected limit (+ 10, = 8 450F ATLAS —— RJR analysis =
£ 400 S =13 TeV. 361107 o opgrved imit (+16505Y) - £ 400/ Vs =13TeV,36.1fb" —— arXiv:1803.02762
350;_3:9_:2?0(2 §§;binat/on _; 350;_ -~ - Expected limits Alllimits at 95% Gl _;
B00F i e~ e E 300 — Observed limits E
E Alllimitsat95% CL ~ _=—— 3 £ =
250 = 250 E
200F- = 008 AT E
150F- E 150 =
100F Ao (i 3 1005 E
sof 77 E 502—" 3
YIS BT SN ?;‘I’? I[(‘;e\7/_0 fo0" 200 300 400 500 %oc: ul[Gl‘eV]
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Statistical Interpretation ATLAS

EXPERIMENT

July 2018 ATLAS Preliminary 1s=8,13 TeV, 20.3-36.1 fo!
;‘ 400_ T T T T | T | T T | T I T T | T T T T | T T T T | T I_
o C XXy via WW 2, arXiv:1403.5294 - - = Expected limits ]
g - ——— Observed limits
—_ 350__ %T%g —— via WZ 2l compressed, arXiv:1712.08119 o . ]
Sl via WZ 21431, 8 TeV, arXiv:1403.5204 Alllimits at 95% CL
- - via WZ 21,31, 13 TeV, arXiv:1803.02762 -
£ 300 via WZ 21+31 RJR, 13 TeV, arXiv:1806.02293 —
- via Wh  Ibb+lyy+FF+3l, arXiv:1501.07110 - . .
- S . Analysis with the best reach
— N\ — . .
- . A G ] in Electroweak searches with
- N S BN \— ;‘, .- . o
200l & &Q\Q@@ ke « intermediate W/Z bosons.
- R .
150 — ’ ]
N . ]
1007 ) N -
NSy 3 \ ' 5 ]
50__ ;' e, ‘l |‘ \‘ B
AT AN ' ' ' /3
/i : : l’ h
B 1 II I\\kk C’?‘\ | I | 1 | | II | | 1 | I (L | I | l_

LA N '
foo 20<K \300 400 500 600
m( .. X, ) [GeV]

Largest excess (= 30) in any SUSY search!
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ATLAS - 4 Iepton ATLAS

EXPERIMENT

W+ /7 W= /Z*

Hints in some EWK SUSY channels would suggest we

E ATLAS ¢ Data Wiz E ] ..
o s 13Tev, 361" ZTotalSM [[Hggs should see excesses in similar phase space.
3 407k 4L VRO Reducible ~ VVV -
E * 4 mzz Other 3
Region N(e,u) N(Thadvis)  PT (Thadovis) Z boson Selection Target
SROA >4 =0 > 20 GeV veto meg > 600 GeV General
g SROB >4 =0 > 20 GeV veto me > 1100GeV  RPV LLE12k
—1 | -
10 E SROC >4 - >20GeV  require Ist&2nd  EM >50GeV  higgsino GGM
= SROD >4 = >20GeV  require Ist & 2nd  EF™ >100GeV  higgsino GGM
4 2F + } T 3 SR1 =3 >1 > 30GeV veto mer >700GeV  RPV LLEi33
5 15 ) . 3 SR2 =2 >2 > 30GeV veto me >650GeV  RPV LLEi33
5 ;}///////(/ M %// // % -
20 40 60 80 100 120 T40 760 780 200 .
Mepo [GEV] arXiv:1804.03602, Phys. Rev. D 98, 032009 (2018)
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New Physics interpretation ATLAS

EXPERIMENT

Sample SROA SROB SROC SROD SR1 SR2
Observed 13 2 47 10 8 g > L S By IR
SM Total ~ 10.2 + 2.1 131 + 0.24 37+£9 4.1 + 07 49 + 1.6 23+ 08 O] 10* - ATLAS . ,¢ Data Mtz ]
o E \g= ¥ i E
7z 27+£07 033£010 28+9 084 +034 035x009 033008 = = 1s=13TeV, 36.1fb" 7 Total S_’M Higgs 3
74 25+06 047 £0.13  32+04 1.62+023 054+011 031 + 008 2 - 4L, 2727 Reducible ~ VVV ]
Higgs 12412 013+013 09208 028+025 05+05  032%032 s 10° Wzz Other =
14%% 079+ 0.17 022 +005 27 +06 0.64 + 014 018 + 004 020 + 0.06 i, = 0 3
Reducible 2.4 + 1.4 0.0007093 0.9+14 0231038 31+ 15 11 £ 0.7 o e GGM ZZ m(y,) = 400 GeV 3
Other 053+ 0.06 0.165 + 0.018 0.85 + 0.19 045 + 0.10 0.181 £0.022 0.055 + 0.012 102 —> =
{ec)? fb 0.32 0.14 0.87 0.36 0.28 0.13 SR0OD ]
S5 12 4.9 31 13 10 4.6 10
Ser 9.353 39758 2315 6.173 6.543 47193
CL, 0.76 0.74 0.83 0.99 0.86 047
Ps=0 0.23 025 0.15 0.011 0.13 0.61 1
7 0.75 0.69 1.0 2.3 1.2 o E ] ST
Higgsino ¥ X 4., %. = Zh G 10"
— 100 qn(ggqpp X1X2XFRDX1 SRD RD T R
o\o T | T T T T T T 1 1 | T 1 T :‘.J' .:.r 1 1 1 T T |/I| T T T T T T T T 1 :
o) i - 2 : | | * :
2 3 ’ - C 3
N e - E 2 —
e . © r . . ]
’ — [m) » .
31’ o . . 1%@%’%%(////////////”” R 2%
o o7 _: o . . . . ]
m 3 0 50 100 150 200 _ 250
E ETs [GeV]
50 Sy - SRD SRD _f
PP NU ATLAS 1 2.30 deviation from SM in 4lepton
- o 4 lepton = : : : T
a0 F " .4 EWKino search in region sensitive to
ERC SRD SRD SRD \/§=13 TgRVD’ 36.11b E NZOOG V
o0 B &= Observed limit (+165°5) = e
- === Expected limit (t1c,,)) o
10 All limits at 95% CL —
v cce i3 Still to be updated with 4x more datal
150 200 250 300 350 400 450 500
M. 2o [GeV]
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New Physics interpretation - GAMBIT

GAMBIT collaboration performed a global electroweak fit using available collider and direct DM constraints

Best expected SRs

| All SRs; neglect correlations

EWMSSM. GAMBIT 1.2.0

40 60

80 100

THE UNIVERSITY
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* GAMBIT: The Global and Modular Beyond-the-Standard-Model Inference Tool, Eur. Phys. J. C 77 (2017) 784, [arXiv:1705.07908].

. Local SM EWMSSM Local SM EWMSSM 500 | B 20 C.L, collider only
Analysis signif. () fit (0)  fit (@)  TOPS | signif. (o) fit (0)  fit (o)  FORS [ @20 1. collider+DM
Higgs invisible width 0.9 0.3 0.2 1 0.9 0.3 0.2 1 [ B 17 L, collider DM
Z invisible width 0 1.3 13 1 0 1.3 1.3 1 400 | == Dest it collider+DM
ATLAS_4b 0.7 0 0 1 2.1 0 0 2* B
ATLAS_ 4lep 2.3 2.0 0 1 2.5 1.0 0 4 5\ B
ATLAS_MultiLep_2lep_0Ojet 0.9 0.3 0.1 1 1.3 0 0 6 < 300
ATLAS_ MultiLep_2lep_jet 0 0 0.5 1 0.8 0.5 0.3 3 S-_D, B
ATLAS_ MultiLep_3lep 1.8 1.6 0.6 1 1.2 04 0.3 11 @ -
ATLAS_RJ_2lep_2jet 0 0.3 0.5 1 1.5 1.8 1.5 4 é 200 [
ATLAS_RJ_3lep 2.8 24 1.0 1 3.5 2.6 0.5 4 = —
CMS_1lep_2b 0.9 0.3 0.3 1 0 0 0 2 i
CMS_ 2lep_soft 0.4 0.2 0.2 12 0.4 0.2 0.2 12 |
CMS_20Slep 0 0.4 0.6 7 0 0.4 0.6 7 100 |-
CMS__MultiLep_2SSlep 0.2 0 0 1 0.2 0 0 2 -
CMS__MultiLep_3lep A 0 0.5 1 0 0 0 6 B
Combined ( 35 )i 03 31| 12 13 0 65
—44 et
—1.0
y Our best-fit point has neutralino masses of
—46 _
~ b (mgo, meo, meo, mso) & (49.4,141.6,270.3,290.2) GeV,
5 ] 1 X2 X3 X4
= .
< s 1, and chargino masses of (m_x,m_x) =
= 0.6 Xl 9 XQ
0 a 4
© . .
ks (142.1,293.9) GeV. We find a local significance of
= —50
2 — PandaX 2017 : s, .
% ; 3.50 for this excess. If there is indeed a supersymmetric
— 0f) ==- LZ projection
—52 0

signal resembling these properties the ATLAS and

CMS experiments should be sensitive to it using the
full LHC Run 2 dataset.



New Physics interpretation

20

a(pp — Xix3) [pb]
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Y
o

Reproduced ATLAS excesses, they show
consistency with muon g-2 and DM direct
detection results.

The benchmark parameter point found is
very similar to the GAMBIT result.




Summary

* The search for new physics at the LHC continues, but:
* There are a few =30 excesses in the data.

* With the invention of powerful new methods we're seeing that
analyses can be designed to be sensitive to events that were
previous inaccessible - exciting for future searches.

* Results from recent GAMBIT work, and other interesting
pheno studies, show hints of tension between LHC results
and SM prediction, may agree with flavour anomalies.

* 150 fb-' of Run2 promises a bounty of new results!!!

o
)
L/

THE UNIVERSITY
ofADELAIDE



CHEP 2019 — Computing in High-Energy
and Nuclear Physics Conference
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Adelaide, Australia O/ g S St osece




Thanks! Some backup slides may follow

p.jackson@adelaide.edu.au




Electroweak SUSY searches with RJR ATLAS

EXPERIMENT

Standard Decay Tree
Two sets of SRs based on lepton
multiplicity. High / /Low

AT
0000

\\\\\\\
NN

ISR Decay Tree
Requires a system of
jet(s) to boost the signal

L1 L1 |
300

400

ISR and Low mass are
designed to be orthogonal
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HOWTO search for SUSY

« If SUSY particles exist at LHC accessible energies:

W

Py
o

—gTey  [arXiv:1411.1427]

------ 13-14 TeV
4 ATLAS Run-1 limits

@ R-parity conservation
- Pair-production via strong / EW interaction

- Direct or cascade decays to the stable
lightest SUSY particle (LSP).

Cross Section [pb]
b

- Many high p; SM decay products + large L LK
Etmiss (depending on the mass spectrum) A" ‘% ?
@ R-parity violation 10’ Z %
- Multi-jets / multi-leptons signatures from 5
LSP decay to SM particles 3 }
- Displaced vertices from late LSP decays E N N NN e

= = — 500 I l 100;) e 1500 I ‘ l2000 — l2500
@ Long-lived particles Mo s [GEV]

- Sparticles produced with long lifetimes
due to mass degeneracy, small couplings,
virtuality

- Secondary decay vertex

Expected “typical” SUSY

decay chain at the LHC
« Search strategy @ 13 TeV:

- Early data: Gluino & 15Y2"d generation squark searches
have the largest potential due to enhanced cross-sections

- Beyond ~10 fb-': Searches for 3@ generation squarks
and EW production start to exceed Run-1 sensitivity
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Why SUSY at all?

CANADA
Surface areas by IR

chance within ~ 1% ¥
(151,153 km?2).

Imagine the - UNITED STATES
difference to be of (9,833,517 km?)

the size of an atom!

SM has a snowman’s chance in hell

Give me a
real number
between -1
and 1!

Analogies only for illustration. No liability for quantitative interpretation.

0.000000000
— 00000000000

00000000000
0001

0.74683... -0.00069... 0.11489...

Inspired by Moritz Backes [SOUrce: link]
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Why SUSY at all?

CANADA
Surface areas by IR

chance within ~ 1% ¥
(151,153 km?2).

Imagine the

UNITED STATES

1 difference to be of (9,833,517 km?)
the size of an atom!

SM has a snowman’s chance in

Give me a
real number
between -1

Analogies only for illustration. No liability for quantitative interpretation.

0.000000000
— 00000000000

00000000000
0001
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Why SUSY at all?

 Fundamental symmetry between fermions
and bosons introducing a set of new - --------4 = F--------
partner particles to the SM particles with
half-spin difference.

v' Opposite-sign loop corrections from | ' S
SUSY particles. Quadratic divergencies \ /
cancel. = No (little) fine-tuning. S

v If R-parity conserved: Lightest SUSY
Particle (LSP) stable. —-> Natural
candidate for dark matter.

R-parity = (-1)3B-L)*2s
* SM particles: +1
* SUSY particles: -1

v" Unification of gauge couplings at Mgy = |
1016 GeV BT

15
Iogug [GeV]

THE UNIVERSITY

ofADELAIDE



Results — ISR Signal Regions ATLAS

Events /0.1

Events / 25 GeV

12: ATL‘AS ‘ ‘ .‘ Datz; 2015 a‘md 201‘6
1oL V5=13TeV,36.1 10" g7 jets Wt
[ SR2¢_ISR [Jvv  []Others
sk KX Bkg. Uncert.
r wwmiis [m, . m_]=[200,100]Ge
L X, X
6 o
44—
L ®
2k
| I T

0
04 045 05 055

06 065 07 075 0.8

IqlSR
O ot
AT‘LAS e Data 2015 and 2016 3
9 |s=13TeV,36.1 1" [JwW [ JOthers E
8"SR3¢_ISR B VWV EXIBkg. Uncert. =
7 wwmne [m, _m_]=[200,100]GeV?
A% x 3
6 o' Ay 1 =
5 E
4 =
3
2 ¢ 3
1 N 3
annlls ik M """"" ;
‘POO 120 140 160 180 200 220 240 260 280 300
pi'lv‘SR [GeV]

Events / 25 GeV

Events /0.1

18— —————
16:%ATLAS . ® Data 2015and 2016
Fs=13TeV,86.1 10" mz,jers EWtE 1
14fSR21—ISR NAY [ ]others B
12F KX Bkg. Uncert.
3 s [m, m_J={200,100/GeV
8F =
. 4 ® PR l
(ERREEN ZoN varaxavacax: : t =
180 200 220 240 260 280 300
B, (GeV
14_‘”_‘,_;””\”” LR RN REARN AN RARAN SRR RS
- ATLAS e Data 2015 and 2016 ]
12F-Vs =13 TeV,36.1 fo" [Jw [ JOthers =
- SR3/_ISR VvV KXIBkg. Uncert. 7
10 wwms [m, ,m_]=[200,100]GeV-
r I, .
8 7
oF E
4 .
o e -
O I < 08 e e WU NI
AL NADN A A L A AR SR 3
8.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 095 1

RISR

EXPERIMENT

We see different yields in data compared to our prediction in the ISR SRs,
most prominently in the 3 lepton region (lower plots).

LN
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Missing Transverse Momentum

Ay

We can learn more by using other information in an event to
contextualize the missing transverse momentum =
multiple weakly interacting particles?

calo

[Mmiss i)
Episs = -3 By
7

Infer presence of weakly
interacting particles in
LHC events by looking for
missing transverse
energy.....may be
composed of one or more
objects, which may differ
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Preselection for the 2lepton Standard tree ATLAS

EXPERIMENT

T ® e e w0 10° T
Ems ATLas | e Data2b1\?wart1%i 016 §108 ATLAS e ‘DatabO1\;‘>Vtér;%j 2016 2108 ATLas' T e pat‘azg\iﬂg‘zom'
10 Fls=13Tev, 36,1 " HZ4ets oy 10 5o 13 Tev, 36.1 1" [HZ+iets EE0T 5. EVs=13Tev,36.1 10" EIZHets Foper
- 107 2 Standard Preselection 1YV 3Bkg. Uncert. g 107 2 Standard Preselection LJVV  5Bkg. Uncert. S 10" E 2/ Standard Preselection 55 Bkg. Uncert.

-------- [mJ/J,mJ]:[SOO,O]GeV
T %

|, oM_]=[500,0]GeV i [m, _.m_]=[500,0]GeV
A X [A S 2 M 1
A~ {m~0/4,m_n]=[200,100]GeV m_]=[200,100]GeV
: XZ x| x‘

=0, 47" 0.
%%, X,

smndm

[

=) o) [}
2 3 5
§ P i RS EE U R RS B %' T B B I BTN RS AP B I §' R O O S B B D I o'
200 300 400 500 600 700 800 © 0 01 02 03 04 05 06 07 08 0.9 0 01 0.2 03 04 0.5P0.6P 0.7 0.8P 0.'9
Hi7 [GeV] HER/HES min(H,*,H,")/min(H " H,")

The different shapes of these variables in the signal models as compared to the
major backgrounds can be used in a more targeted way.

The interplay between the variables is also key - if we require one ratio to be
large (for instance) it may make it increasingly hard for a complementary
variable to have background events looking like sighal events
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Preselection for the 2lepton ISR tree ATLAS

EXPERIMENT

21010 >108 —— 1 LA e e e e e E >108§\ L L L UL IS
S 10? ATLAS e Data 2015 and 2016 8 . A'i'LAS o Data 2015 and 2016 3 8 . iATLAS e Data 2015 and 2016 3
@ gof 5= 13TeV, 36,107 [zejors MWt 010 E(5=13TeV, 361 10" [zejets @MWt § 210 EE=13TeV, 36,1107  [zijets MW
. 2¢ ISR Preselection DVV []Others > 108 E-2¢ ISR Preselection DVV [ ]Others - % 10° £ 2¢ ISR Preselection DVV []Others —

10 [IBKg. Uncert. . XIBkg. Uncert. S 0k X3Bkg. Uncert. 3
10° ~we [, _,m_]=[200,100]GeV 210° m J= : 210 wimus [M, M ]=[200,100]GeV 2
22/ XT % w 4 s w 12/ x; X, 7

10*
10°
102

10k

ol 11

I

10—1 1071V\ L L L L L

) s 2

g15 1500 15 $

£05 £ 0,5 8 0,5 RS

g g col e e e e 8 PR R U S RS RS SN

1 2 3 4 5 6 50 100 150 200 250 300 0 50 100 150 200 250 300

NisR jets p(T;':ASR [GeV] pﬂﬂ [GeV]

Similarly, where we require initial-state radiation, we need complementary
variables to tease out sensitivity to a signal

LN
THE UNIVERSITY
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Preselection for the 3lepton Standard and ISR trees ATLAS

EXPERIMENT

10— nit e
8 E ATLAS ° Data 2015 and 2016 g E ATL)\S o Data 2015 and 2016 3 = e Data 2015 and 2016
Foe_ Bl VvV [ Others 25l \s = -1 VvV [Others ] 108 _ gl VvV [ Others
w10t 5:{;1?’;6\3’36'1 flb ~ EVVV X3Bkg. Uncert. 210 E :\Esgsge\g’giﬂ flb " mVVV [X3Bkg. Uncert. (,,10 ’5_8:316\3 26'1 flb ’ mVVV x3Bkg. Uncert.
= ¢ Standard Preselection m, . x] _[500.0]GeV §104; andard Preselection ', " ,.0] [500,0]GeV ] §105 andard Preselection m. o  m_I=[500,0GeV
§10°¢ < [, J-[200,100]Ge woE e, n_J= [2001001GevE 4 g4 =weem, ¢ [<[200,100]Ge V.
> E XZ/X; X, 3 X 7, ;
TR 10°E
10°g i 10°
e RS 10°g &
AL P E . 3 102
CIT s 10: !"'-"f""'r :'"E 10 !m.?m‘”.”!‘”'""' 1“‘!‘\-1:‘.&
T B ¥
1071714 - Ji.!“‘“ 4 J eebeded l 4 ‘-.‘..‘.....‘..‘.-‘ : —  — ‘7 10_1 1L l lododolesledobaled L‘ dabsl !.\.\.""V';.T.\‘\"\.{.\.\.\ L ‘ L1 T\ 11 \gd e
o 2 2 2
mil5 m1.5
=~ 154 ~ 1
© ©
R N T B go'sH‘mH‘mHH\HH\HH\HH\HH go‘s"|HH\"Hm‘H\HH\HH\H“\“H\H“lu
300 400 500 600 03 04 05 06 07 08 09 1 01 02 03 04 05 06 0.7 08 09
PP 14PP Po 1 4P
HPP [GeV] Hra /Hs Hi/H,
8 LAS e Data 2015 and 2016 ] =) 5 LAS' e Data 2015 and 2016 3
Lr,10“ EVs=13TeV,36.1fb" [JVv [ ]Others @qgsL6=13Tev,36.1f0" [Jw [JOthers ] . .
s f 34’ ISR Preselection  [VVV RJBkg. Uncert. 7 3 [ 3¢ ISRPreselecton VWV [JBkg. Uncert. 3 lepton Selectlon 1S A
£10°E sum{m , m_]=[200,100]GeV i 1ok s, _m J=[200,100]GeV ]
o E 7, E T X E! 5 3
g i : similar story!
10 g_ E 102 s B N
C 1 S 1
C 1-‘“.‘“!,.”J|u-|n-g g"'f ;lI-IH;-”I.m.l“-m.:m-m- NI 1...\..%
i3 % S i3 E
10— sl bevna bevn b b b b b ey 1077””””HHHHHHHHHHHHHHHH?
2 2
,%’1.5 $15 &
= 1 m TR R S BRRRIRLE LSRN
«
§0'5 T A W S W B W N W %0'5 R AT AT A EFIIIS IS I I I I
0 10 20 30 40 50 60 70 80 90 100 2 0 0102 03 04 05 06 07 08 09 1
peM [GeV] Rin
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%25?TLJ::T\I/361fb‘ élgalt;l]g o Excesses of 3.0, 2.0, PR SWeIv/ga 2=y
= eofis= eV, Jo. v ther . 2 M 1 1
5 | SRa Low B Geewe | 2.1and 1.4 ¢ in the S e T
,jij --------- m o 1H200.100] eV 3L ISR, 2L ISR, 3L %_450§—ATLAS _ — RJRanalysis E
— 3 = 400:— s=13TeV, 36.1 fb° —— arXijv:1803.02762 E
E low mass and. 2L low 350 - Expected limits Alllimits at 95% CL =
igi 1 \mass respectively 300 — Observed limits E
e ® 250 -
of o “} ‘} f# 200 T E
o 5 | E T E
I I . telt 7 T ] E
E T e Sgigiioeenalatostndiog] B 5= 13 TeV, 36.1 b B Zeiots QW 3 100F E
20 40 60 80 100 120 140 160 180 200  4F SR2¢ Low Ow  [Jothers = 50 3
my’ [GeV] P RS Bkg. Uncert. P:T:...l...L|....|....|.:.. A
oF o [mi:,i?,mifl=[200,1OOIGeE_ 00 200 300 400 500 %qgw [Ge\7/§)o
) ) 8 : . ) o
Largely unique selection * Exclusions for high mass reach
of events compared to 4B 600 GeV and low mass points
earlier analysis on same | et .21 cannot be excluded due to
0.3 0.4 0.5 0.6 0.7 0.8 0.9
dataset mint Hyming ) €XCESSES
: - 95 95 95 _
Signal Region (€0) 5 [1P] S obs S exp p(s =0) (Z)
SR3¢_ISR 0.42 15.3 6.9732 0.001 (3.02)
SR2¢_ISR 0.43 15.4 9.7 0.02 (1.99)
SR3¢_Low 0.53 19.1 9.5M73 0.016 (2.13)
SR2¢_Low 0.66 23.7 16.1*33 0.08 (1.39)
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> C LI L B AL B L L B NI B LB LI L B

8 r ATLAS ® Data

S 25(s=13TeV, 361" [Tyy [Jother

o FSR3(_Low ]

[2] [ — Bkg. -

£ B K ° g 1Uncec|;t E

A [ :m,:1=(200,100] GeV 3
S 3

% 4u k
N --?iﬁ?ﬁm “} A} f# ~ 12 e
: = © [ATLAS ® Data
2 3 I : %10_—\15:13Tev,36.1 o' [ [Joter
E g 7 - T IL o BZ_SRS‘] Low 3 Bkg. Uncert. -
SR s Sloats S S W Vs ¢ r
20 40 60 80 100 120 140 160 180 200 B

m¥ [GeV]

Largely unique selection
of events compared to
earlier analysis on same

L ISR, 2L ISR, 3L

Excesses of 3.0, 2.0,
2.1 and 1.4 o in the

low mass and 2L low
mass respectively

By
} e [M, M ]=[200,100] GeV-|
Wi, X, B

oodeet

0 0102 03 04 05 06 07 08 09 1

[GeV]

o -
1=

m

LA >WoIviga)x Z(- ),
L e I L
450F- ATLAS —— RJR analysis E
400F- Vs =13TeV, 36.1 fo! —— arxiv:1803.02762
350 ;— o EXpeCted limits All limits at 95% CL —;
300 — Observed limits E
250 ) =
2006 =
150 =
100 =
E T '.I 1 1 | L 1 1 1 | 1 1 1 1 | 1 1 1 1 ] 1 :I 1 ‘ 1 1 1 1 =

foo~ 200 300 400 500 _ 600 . 700

M. oo [GeV]

Exclusions for high mass reach
600 GeV and low mass points
cannot be excluded due to

dataset HooH® excesses

Signal Region (ea)y, [fb] S S o p(s =0) (2)
SR3¢_ISR 0.42 15.3 6.9 0.001 (3.02)
SR2¢_ISR 0.43 15.4 9.7 0.02 (1.99)
SR3¢_Low 0.53 19.1 9.5M73 0.016 (2.13)
SR2¢_Low 0.66 23.7 16.1*33 0.08 (1.39)
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Overlap Plots in 2| and 3l searches

ATLAS 13 TeV Data - | L dr = 36.1 fb’! ATLAS 13 TeV Data - | L dt =36.1 fb”
X =X
RIR-2L-H — RIR-3L-H —
< <
O @]
D) D
RIR-2L- a4 RIR-3L-I a4
— —
~ ~
- -
~ ~
RIR-2L-L — RIR-3L-L —
< <
O O
C C
RIR-2L-ISR a7 RJR-3L-ISR Y
2 2
ISy i = =] 0 ~ = 2 2 = ) ) 0 ~
~ o . = < S S = :.‘ =
| = a il | - o) o - |
S 2 « < @ 2 o ® o %
S P © © S S S S g S
o
ATLAS Simulation  m, mo = 200 GeV, m_, = 100 GeV ATLAS Simulation  m.. = mo = 200 GeV, m, = 100 GeV
2 L O\T, - ° 30
RIR-2L-H ~ RIR-3L-H ~
< 25 <
O O
b) o D
RIR-2L-T o RJR-3L-I o~
— —
~ a4
- 15 =
~ ~
RIR-2L-L ) RIR-3L-L ~
< 10 <
Q @)
C C
RJR-2L-ISR a7 RIR-3L-ISR a7
— —
~ a1
0 R N

CA-2L-L2j
CA-2L-L3-5]
CA-2L-M
CA-2L-H
CA-3L-0Ja
CA-3L-0Jb
CA-3L-0Jc
CA-3L-1Ja
CA-3L-1Jb
CA-3L-1Jc
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O Lab State

O Decay States
. Visible States
. Invisible States

RestFrames Event Generation

H® — W( v) W(l v)

RestFrames Event Generation

H® = W( v) W(l v)

0.04F=7 L A 0.04F ‘ -

0035k —m,=100GeV ] [ =m0 =500 Gev ]

00’5 —my=125GeV § ~ ook — m,;, =750 GeV 1

—~ F —m,=150GeV ] g2 [ T mp=1000Gev [ ]

z E°:|:0-025E —me=175GeV’ ] = mye=1500 GeV ]
SIS o0k —m=200Gev-— | % 002~ — my0=2000 GeV

= E 1 © r i

—[z 0015 E = 3 1

001F- =1z o0
0.005F- [ ]
0.

M, [GeV]

\Reconstruct approx. of masses and decay angles in resonant final sta

-02 0 02 04

true
eHa - GHO

tes (e.g. H->WW)

PJ, C. Rogan
arXiv:1705.10733
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Measure mass splitting and energies,
extracting a basis for dileptonic ttbar
and sparticle pair production
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HOWTO search for SUSY

@ Build signal regions (SRs) based on requirements on signal / background discriminating variables to
target specific SUSY event topologies. Optimised for discovery & exclusion.

@ Determine Standard Model background in the SRs:

~— Irreducible Backgrounds ~

» Dominant processes:
- MC normalised to data in process-enhanced
control regions (CRs)
- Extrapolation to validation regions (VRs) & SRs

+ Subdominant processes: Pure MC predictions
. J

Combined Fit

~— Reducible Backgrounds ————

+ Fake Eg s, fake leptons
backgrounds: Pure data-driven
estimates

« Validation in VRs

« Simultaneous fit of all components —
in CRs (and SRs for exclusion)

\:3 SR

Unblind when BG model Unblind when BG model
established validated

Observable 1
Uncertainty

Unblind when BG model
established

Observable 2
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