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SUSY searches @ LHC
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'R-parity conserving (RPC)

* Pair produced sparticles

* Decays to lightest SUSY particle (LSP),
mostly lightest neutralino or gravitino

momentum (Etmiss)

lR-pari’ry violating (RPV)
* LSP can decay

* Don't feature large Etmiss

* No dark matter candidate

* Invisible LSP forms large missing transverse
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SUSY search strategy is driven by
cross-section and luminosity:
Early analyses are dominated by
inclusive searches for gluinos/squarks.
Increasing luminosity gives access to
rare production channels.
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SUSY searches @ LHC

SUSY searches rely on the understanding of the SM backgrounds.

Standard Model

Top, multijets
V, VV, VWV, Higgs
& combinations of these

Combined fit of Reducible backgrounds Irreducible backgrounds

Egcrkeggr]:::din:nd Determined from data Dominant sources: normalise

incl. systematic Backgrounds and methods MC in data control regions

exp. and theor. depend on analyses Subdominant sources: MC

uncertainties as
e ers Validation blinded

Validation regions used to
cross check SM predictions
with data

e e
Signal regions




SUSY searches @ LHC

Exploring kinematic/topological information to separate SM from SUSY signal.
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NLO + NLL, pp, Vs = 13 TeV
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- Abundant production of gluinos and squarks

- Large cross-section ~ ~
. Mt m?x( 2 S,) l <= (high) Pt jet
| min(g.q) ‘
- Generic feature: AM | —
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Gluino/squark 0-step decay

- Search for signal-like phrase space with no

lepton.

- Several OL searches performed based on

different discriminating variables: Htmiss, Meff.

- Signal regions are usually further binned in

different jet and b-jet multiplicity.
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https://arxiv.org/abs/1712.02332
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Gluino/squark 1-step decay - o .-
q/
- Longer decay chains can be targeted in ~  F e D0 msiew -
the final state with additional lepton. ) T

- 1L channel provides better suppression
on the multi-jet background : signal
regions are binned in Njet, Nbjet, Meff, to

maximize the phrase spaces.
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Gluino/squark 2-step decay

- Long SUSY decay chains produce multi-object final state.

- Multi-jet (OL with 7-11 jets) targets full hadronic final states: powerful in the
high mass region. MET significance approximately invariant in jet multiplicity.

 Due to independent gluino decays, same-sign leptons(SS2L/3L) is powerful
to constrain strong production. Low SM background allows loose MET
requirement and gain in sensitivity to compressed SUSY.
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Gluino-mediated stop

- Gluino pair production decay via stop also

excluded up to ~2TeV.

- Multiple channels are designed to target signal-
like phrase space: multi-b, SS2L, OL, 1L, 3L etc.

- The latest hadronic top-tagging analysis
employs three top tagging algorithm to identify
different decay topologies of top quark.
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GMSB

Search for GMSB with photon in the
final state. Gravitino LSP.

di-photon analysis for bino-like NLSP

photon+jets analysis for Higgsino-
bino mixture NLSP
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NLO+NLL PP, \(_=13TeV

Cross-section [pb]
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3rd generation T

* Production of stops and sbottoms

- Moderate cross-section: ~ two orders of magnitude lower than gluino / squark
(*for squark production: degenerated squarks are assumed®)

- Generic feature:
heavy flavor jets

large Etmiss
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Direct stop decay to stau
+ Scenarios motivated by GMSB. o
p T
Ty . . ; ~ )
Light stop, light stau, massless gravitino. L EEs :
. . - = ~\\\ 7~_ ~
- Final states with two tau leptons, b-jets and Etmiss. SV - ¢
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b v
- Two channels: had-had; lep-had; probe up to 1.16 TeV stops.
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Direct sbottom decay

- Specific channels are designed to target
sbottom production.

- Signal regions are binned in Nbjet.

- Compressed region is designed by requiring
ISR jet (light flavor), less jet activity.

arXiv:1708.00266
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WIMP DM in association with b/t-quarks

- Final states: 3rd gen. quarks and

. g b
Etmiss.
X
- 2-lepton channel performs the —
best. dla \
- Reinterpretation of color-neutral g ;

scalar limit in terms of DM-
nucleon scattering cross section.
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C1N2/C1C1 via slepton

—o

- Search for final states with light leptons without jets.

- OS2L channel targets C1C1 production; 3L/SS2L
channel targets C1N2 production. Key variable: mT2.

- The chargino-neutralino (C1N2) exclusion sensitivity

mr2 = min [max (mr (%', qr), mr(pf, pP™ - (lT))]

Wino-like C1/N2; bino-like N1

already reaches above 1TeV.
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Direct slepton/stau

.
~ ’/‘= p :
/ >0 5 5
BUREN <0 ~~.
{ = 7 X9
b

- Very low cross section.

- 2L channel probes the direct slepton limit up to
~450-500GeV.

- Stau pair has been checked with had-had and
lep-had channel: only 1 point excluded in Run 1.
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Compressed higgsino/slepton .

- Higgsino LSP or slepton NLSP.

SUSY-2016-25 v

W*/Z* = leptons

- Compressed scenarios: soft leptons + ISRjets

+ Etmiss.

- Key: accessing leptons lower to pT(e/mu)>4.5/4
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GMSB / d \\G y z \G b ERURY:

- Higgsino NLSP; Gravitino LSP. m s} ALK

higgsino NLSP, m ~pu

- Dedicated channels: 2L, 3L, 4b, 2photon.
h,Z,~
-+ The exclusion limits on Higgsino mass
extend up to 650-880 GeV depending on T A
the BR assumption. | gravitino LSR, m~0

Ney, /
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R-parity violating (RPV) and
long-lived signatures

RPV Long-lived signatures
- LSP can decay - Weak RPV couplings
+ Don't feature large Etmiss - Highly virtual intermediate state

- Mass degeneration

24
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Gluino/stop —>multijet

Neutralino1/stop as LSP: decay promptly into quarks.

Search for 1-lepton, high jet multiplicity (8-12),

Multi-bin fit in Njet and Nbjet.

NO Etmiss requirement.

Limits are also competitive: ~2.1 TeV for gluino mass and ~1.2 TeV for stop

Mass.
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Direct stop production BN <
P 312 P t -
5 b
- Stop as LSP: decay promptly into A
o lmy — my|
two quarks via baryon-number-violating RPV g 0.7 - mp + n»
couplings ©
: : : : A B C
- lepton+bjet via lepton-number-violating RPV
couplings
0.3 D E
- For both analyses: candidate resonances are constructed SR I
by pairing the 4j/212j using angular/mass information: 005 015 0.7 A>
mass asymmetry. : '
arXiv:1710.07171 arXiv:1710.05544
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Vertex reconstruction efficiency

Long-lived particles ST

Squark-mediated gluino decay: - Wino-LSP: chargino nearly degenerated
long-lived gluino if squark mass is with a stable neutralino —> long-lived
large —> displaced vertices chargino —> disappearing tracks

Large radius tracking algorithm
Improves the vertex reconstruction
efficiency.

- Exclude pure winos up to 460 GeV

arXiv:1710.04901 arXiv:1712.02118
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Long-lived particles

results on long-lived particles decaying semi-leptonically. arX1612.00945
i : , PA ~
- Neutralino decays into a muon and two jets. X
- A displaced vertex associated with a high pT muon. .
- Using 1(2) fb-1 of 7(8) TeV data. X
10°[ LHCh — Data 7TeV 10 |
<> /8. T e LV38 10ps = ;
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C 107 >
~ : O
o | P
é oL |l R 2
da [ O
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A Big Picture

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

December 2017 \s=7,8,13TeV
Model &M T, Jets ET™ [Lanm™) Mass limit Vi=7,8Tev | Y5=13TeV Reference
43, §gX) 0 26jets  Yes  36.1 )<200 GeV, m(1* gen. §)=m(2™ gen. ) 1712.02332
44, q—bqf’? (compressed) mono-jet  1-3jets  Yes 36.1 7)-m(¥))<5 GeV 1711.03301
§ g2, §—qa0 . 0 2-6 J:ets Yes  36.1 ')<200 GeV 1712.02332
g 73 g_,qqxl*_: qW*x, 0 2—6. jets  Yes 36.1 ))<20n GaV mF*1-n &lm(F ) imian 1712.02332
‘3 28, B—qq(thyt, ee, 2jets Yes 14.7 ¥1)< 791
o 22, g—bqq(t’f/w)?? Beu 4 jets - 36.1 ¥1)= G I u I n o ~ 2 Tev 731
= g-9qWZX} 0 7-11jets  Yes  36.1 7). 794
> GMSB (£ NLSP) 1-274+0-1¢ 0-2jets  Yes 3.2
2 GGM (binoNLSP) 2y - Yes 361 (NLSP)<0.1 mm ATLAS-CONF-2017-080
GGM (higgsino-bino NLSP) Y 2jets  Yes  36.1 ¥1)=1700 GeV, ct(NLSP)<0.1 mm, >0) ATLAS-CONF-2017-080
Gravitino LSP 0 mono-jet Yes  20.3 5)>1.8 % 10 eV, m(z)=m(§)=1.5TeV 1502.01518
§, § g2, §-bbY 0 3b Yes  36.1 ¥)<600 GeV 1711.01901
Y e 82 g1 0-1en 3b Yes  36.1 7!)<200 GeV 1711.01901
Biby, by—bt) 0 2b Yes  36.1 m(E’)<420 GeV 1708.09266
L8 bbbk 2e,u(S88) 1b  Yes 361 |b . 275-700 GeV m(¥1)<200 GeV, m(¥:)= m(¥1)+100 GeV 1706.03731
§ '§ i, [ —bYy 0-2e,pu 12b  Yes 47133 |7 117-170 Gev [200-720 GeV| mET) = 2m(r}), m(x?)=55Gev 1209.2102, ATLAS-CONF-2016-077
3 '§. i, t|—>Wbt’1 or tt] 0-2e,u 0-2jets/1-2b Yes 20.3/36.1 |#  90-198 GeVII i oes-10Tev m(})=1GeV “Enn Aandn <wnnn4183 1711.11520
= fiiy, ety 0 mono-jet  Yes  36.1 m(f, )-m(¥})=5 1301
8’3 i1f1 (natural GMSB) 2e,u(2) 1b Yes 203 |7 150-600 GeV mi¥1)>150Ge Sto ~ 1 Tev 222
WD bhbhoh+Z Beu(2) 1b Yes  36.1 iz _ m(¥})=0 GeV 1986
Ly, byt +h 1-2e,u 4b Yes  36.1 i m(¥))=0GeV 1986
Frbig, I8 2e,u 0 Yes  36.1 m(E))=0 ATLAS-CONF-2017-039
XXT, X >Ev(t) 2epu 0 Yes  36.1 m(Ed)=0, m(Z, )=0.5(m(¥; )+m(¥})) ATLAS-CONF-2017-039
TG 133, ] —Tv(rv), By —Fr(v?) 27 - Yes  36.1 m(E1)=0, m(, 7)=0.5(m(E; )+m(¥})) 1708.07875
g ﬁig—)ZvaLf(W), CTIZLf(W) 3e,pu 0 Yes 36.1 m(:,l!)=m(i“), m(/fD\_n il F A Bl T e P00 ATI AQ_AANIE DN17.039
oL vu-wize) 23ep  02jets Yes  36.1 mev)=r 039
B BB WERD, hosbbWW/rt/yy eny 02b Yes 203 |¥% 270 GeV m(Xl )=t EW KI n o ~ 1 Tev
o, 3 3 -0t dep 0 Yes 203 |X, m(¥3)=m(¥3), mgi
GGM (wino NLSP) weak prod., ¥1—yG 1e.u+y - Yes 203 |Ww 115-370 GeV cr<imr
GGM (bino NLSP) weak prod., ¥1—yG 27 - Yes  36.1 _ cr<imm ATLAS-CONF-2017-080
Direct ¥1X7 prod., long-lived ¥i Disapp. trk 1 jet Yes  36.1 _ mET)-m(E})~160 MeV, (¥5)=0.2 ns 1712.02118
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S 8 Metastable z R-hadron, —qq¥} displ. vtx - Yes 328 7(8)=0.17 ns, m(¥}) = 100 GeV 1710.04901
=~ GMSB, stable 7, ¥ 7, 7)+(e, ) 1-2p - - 19.1 537 GeV 10<tanB<50 1411.6795
GMSB, ¥ -G, long-lived ¥} 2y - Yes  20.3 440 GeV 1<7(¥})<3 ns, SPS8 model 1409.5542
88, V) —eev/euviupy displ. eefep/up - - 20.3 1.0 TeV 7 <cr(¥})< 740 mm, m(z)=1.3 TeV 1504.05162
LFV pp—r + X, ¥r—eu/et/ur epL,eT.ut - - 3.2 A31,=0.11, A133/133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u(88) 03b Yes 203 m(g)=m(g), crisp<1 mm 1404.2500
X7, /\"f—»wi?,f’?—yeev, epy, v dep - Yes 133 m¥))>400GeV, ;220 (k = 1,2) ATLAS-CONF-2016-075
S XL WL oy, erv, Beu+t - Yes 203 m(E))>0.2xm(¥5), A135%0 1405.5086
& 2%, a0, %) > qqq 0 4-5large-Rjets - 36.1 m(¥?)=1075 GeV SUSY-2016-22
88, g%, X1 > qq9q Te,u 8-10jets/0-4b - 36.1 m())= 1 TeV, 2;,,#0 1704.08493
22, 3ot 11 —bs 1e,u 8-10jets/0-4b - 36.1 m(f;)= 1 TeV, 1320 1704.08493
fiy, i—>bs 0 2jets+2b - 36.7 1710.07171
ii, h—bt 2e,u 2b - 36.1 BR(7, —be/p)>20% 1710.05544
Other Scalar charm, E—)o?? 0 2c¢ Yes 20.3 m(¥})<200 GeV 1501.01325
*Only a selection of the available mass limits on new states or -1 29
phenomena is shown. Many of the limits are based on 10 1 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-021/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-032/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-011/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-010/

Summary

A board spectrum of searches have been performed at ATLAS, CMS and LHCb.

No sign of SUSY YET with the current data (13 TeV, 36 fb-1).

Now, moving towards

* new/challenge scenarios

ATCLAS pub page

- w/ more sophisticated techniques

CMS pub page

* + increased luminosity/energy

LHCb pub page

STAY TUNED FOR SUSY :-)
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http://www.apple.com
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_QEE.html

Thanks!

(FATHE—REIRET)  (16:10-17:50)

— Conveners: Dr. ZHUANG, Xuai

time title presenter
16:10 Sneutrino DM in the NMSSM with inverse seesaw mechanism Prof. CAO, Junjie
16:30 Stop in Natural SUSY at the LHC Dr. WU (&), Lei (&)
16:50 Inclusive SUSY search with one isolated lepton CHENG, Huajie
17:10 Electroweak SUSY search with ditau ZHU CHENZHENG
17:30 SUSY search with SS/3L LIU YANG
L — e —————
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Lower limit on m 5= [GeV]
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Expected excl. space to explore till Run 3
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