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Searching for Physics Beyond the
Standard Model

A huge number of searches for BSM physics has been performed
by CMS and ATLAS:

Summary of CMS SUSY Results* in SMS framework
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Searching for Physics Beyond the
Standard Model

A huge number of searches for BSM physics has been performed
by CMS and ATLAS:

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: March 2016 ' V5=7,8,13 TeV AT LAS
Model &m0y Jets ET™ [ram™ Mass limit V5=7,8TeV [\5=13TeV Reference

MSUGRA/CMSSM 0-3epu-27 2-10jets/3b Yes 203 | @& 1.85 TeV m(3)=m(z) 1507.05525
S Hq,vb [ 26jets  Yes 3.2 q 980 GeV m(¥1)=0 GeV, m(1* gen.g)=m(2™ gen. g) ATLAS-CONF-2015-062 + +
umma ry . —q¥| (compressed) mono-jet  1-3jets  Yes 32 |@ 610 GeV m(g)-m(¥})<5 GeV To appear
13 —q(EL]tv/vT) 2e,p(off-Z) 2jets Yes 20.3 q 820 GeV ¥ 1503.03290
G—q 1
m(mother}m(LSP): & ; gaqu(\{ 0 26jets  Yes 32 |@ 152 TeV ATLAS-CONF-2015.062
@ w‘)( 1ep 2-6jets  Yes 3.3 z 1.6 TeV. (F))+m(z) ATLAS-CONF-2015-076
s-wi  |/SUSHS-019L=195/6 O —90¥1 —qg ) ' ¢ - m(¥))+m(@)
TN | Sus4011SUS 1301 P sﬁth(ff/[\‘/vvm 2ep  O-3jets 20 |& 1.38 TeV. 150103555
=2 SUS-13-007SUS-1301 5 8gq W20 0 7A0jets  Yes 32 [ 1.4Tev i) =100 Gev 1602.06194
L By 3 Guise (I NLSP) 12740-1¢ 02jets  Yes 203 |2 163TeV  tans>20 1407.0603
e ] gﬁ:m Elg?:: 2 GGM (bino NLSP) 2y = Yes 203 |z 1.34 TeV ct(NLSP)<0.1 mm 1507.05493
) G- aalx’~ Wy ) SuSTIo0BSUSHz0] =  CCM (higgsino-bino NLSP) y 1b Yes 203 |z 1.37 TeV M) <950 GeV, cr(NLSP)<0.1 mm, <0 1507.05493
. f _ﬁ ﬂfx », GGM (higgsino-bino NLSP) Y 2jets Yes 203 |2 1.3 TeV m(E))<850 GeV, cr(NLSP)<0.1 mm, 1>0 1507.05493
i GGM (higgsino NLSP) 2e.p(2) 2jets Yes 20.3 z 900 GeV m(NLSP)>430 GeV 1503.03290
> F~a% sus-m-ms L-10-5/lb Gravitino LSP 0 mono-jet  Yes  20.3 P2 seale 865 GeV m(G)>1.8 x 10~ eV, m(z)=m(3)=1.5TeV 1502.01518
J»G; § E 0 3b Yes 33 [ ) e r 3 - o 1.78 TeV mtX, )<800 GeV ATLAS-CONF-2015-067 M arC h 2 O 1 6
T- "f‘ n-vrx ) SUS-13-011 L=19.5 /fb. .:71 £ 0-1e,pu 3b Yes 33 2 > 176 TeV. m(1))=0GeV To appear
T-tb% (x ~HG) %, 00 O-1ep 3b Yes  20.1 z 1.37 TeV m(¥})<300GeV 1407.0600
T - 1392 SUS-13-024 SUS-13-00 - [}
o -ghe [ISUSH3024SUS300 o < bbb ->b)(, 0 2b Yes 32 | 840 GeV m(P)<100 GeV ATLAS-CONF-2015-066 '
SN T i RS e e e e E S bbb ~>z)(, 2¢,4(SS)  03b Yes 32 |h 325-540 GeV m(¥})=50 GeV, m(¥})= m(¥})+100 GeV 1602.09058 I I I ‘ O I I l e e
Bresba SUS-13-018L=19.4/b 3 S i, bl 1-2e.p 1-2b Yes 4.7/20.3 | 71117-170 GeV 200-500 GeV m(EE) = 2m(¥)), m(¥})=55 GeV 1209.2102, 1407.0583 »
5wy SUS-13-008 SUS-13-01 & "g fif, @ _qwb)(‘ or ,)(‘; 0-2e,u 0-2jets/1-2b Yes 20.3 i 90-198 GeV 205-715 GeV  745-785 GeV m(E))=1GeV 1506{08616, ATLAS-CONF-2016-007
B 2% SUS-13-008L=195/b § S 77,7 ok} 0 mono-jet/ctag Yes 203 | & 90-245 GeV m(7,)-m(¥})<85 GeV 1407.0608
R e | me e ———— g 717 (natural GMSB) 2e.p(2) 1b Yes 203 |7 150-600 GeV m(¥})>150 GeV 1403.5222
SUSH3006L=195/f6] =, 5 Db i +Z 3epu(2) 1b Yes 203 |& 290-610 GeV' m(¥})<200 GeV 1403.5222
SUS-13-006 L=19.5 /ib iy, hoi +h leu 6jets+2b Yes 203 | 320-620 GeV m(¥))=0GeV 1506.08616
2ep 0 Yes 203 |7 90-335 GeV 1403.5294
SUS-13-006 L=19.5 /> i ,x‘ — (9 2epu 0 Yes 203 | ¥y 140-475 GeV 5(m(ET)em(E})) 1403.5294
- XXX o) 27 8 Yes 203 | & 355 GeV .5(m(F} )+m(¥))) 1407.0350
SUS-14-002 L=19.5 4349 1040 ey - 5
ST 5% 28 Sy, BTGy 3ep 0 Yes 203 [Fm 715 GeV 14027029
SUS-13-006 L=19.5 /fb w3 )(,)( WX Z¥) 2-8eyu  O2jets  Yes 203 |Xj, 'ﬁ 425 GeV sleptons decoupled | 1403.5294, 1402.7029
et S Ty WL, hosbb/WWer/yy 1Y 026  Yes 203 i;,iz 270 GeV i sleplons decoupled 1501.07110
SUS-13-006 L=19.5 /fb Xq)(‘ Xa 3 =Rl 4ep 0 Yes 20.3 Ty 635 GeV mE3)= m(X ) m(X,) 0, m(Z, #)=0.5(m(¥3)+m(¥})) 1405.5086
GGM (wino NLSP) weak prod.  1e,u+y 2 Yes 203 | W 115-370 GeV cr<tmm 1507.05493
Direct ¥].¥; prod., long-lived )(, Disapp. trk 1 jet Yes 203 | ¥ 270 GeV m(E})-m(¥})~160 MeV, 1(¥})=0.2 ns 1310.3675
Direct ¥1.X; prod., long-lived ¥7  dE/dx trk S Yes 184 | ¥ 495 GeV m(¥;)-m(¥})~160 MeV, 7(¥})<15 ns 1506.05332
§ & Stable, stopped gz R-hadron ] 1-5 jets. Yes 27.9  ; 850 GeV m(¥})=100 GeV, 10 us<7(3)<1000's 1310.6584
= E Metastable g R- hadron dE/dx trk 2 - 3.2 z 1.54 TeV. m(¥})=100 GeV, r>10 ns. To appear
2% GMmsB, stable 7, -, Ryt 1-2m > e 101 g 537 GeV 10<tang<50 14116795
5 & GMSB, X1—yG, long-lived X 2y = Yes  20.3 )-(b 440 GeV 1<1(¥})<3 ns, SPS8 model 1409.5542
2@ x —eevfeny/upy displ. ee/ep/pp - = 20.3 A‘fa 1.0 Tev 7 <ct(¥)< 740 mm, m(z)=1.3 TeV 1504.05162
GGM 3z, | —ZG displ. vix + jets - = 203 | X 1.0 TevV 6 <ct(¥))< 480 mm, m(g)=1.1TeV 1504.05162
LFV pp—¥. + X, Ve—ep/et/ut epet.ur = & 203 | 1.7TeV  45,=0-11, disyi33/23=0.07 1508.04430
Bilinear RPV CMSSM 2eu(SS) 03b Yes 203 |d% 1.45TeV m(@)=m(g), crisp<1 mm 1404.2500
X )(\ aW)(, XJ —eei,.euv, 4ep - Yes 203 |y 760 GeV m(P})>0.2xm(E}), 412120 1405.5086
n>~ T X W W st etr, Bep+t S Yes 203 | & 450 GeV mE))>0.2xm(¥}), 413320 1405.5086
99 0 6-7 jets - 20.3 & 917 GeV BR(1)=BR(b)=BR(c)=0% 1502.05686
= , 3-qa0), ¥ - qaq 0 67jets - 203 |z 980 GeV m(E})=600 GeV 1502.05686
L 811, 1| —bs 2e,u(SS)  0-3b Yes 20.3 z 880 GeV 1404.2500
i, i1 —bs 0 2jets+2b - 203 |4 320 GeV 1601.07453
Aif, ii—bt 2e.p 2b = 203 |7 0.4-1.0 TeV BR(7i —be/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, ¢—c¥| 0 2¢ Yes 203 |@ 510 GeV m(¥})<200 GeV 1501.01325
L L " " PR | " " " N "
*Only a selection of the available mass limits on new -1
¢ 10 1 Mass scale [TeV]

states or phenomena is shown
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Searching for Physics Beyond the
Standard Model

A huge number of searches for BSM physics has been performed
by CMS and ATLAS:
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Searching for Physics Beyond the
Standard Model

Yes, in addition to all the null results we see mild
excesses e.g. in the 750 GeV di-photons:

Analysis | Spin-0 Spin-2
Target Extended Higgs sector KK-graviton
Selection | 2 isolated-y's: Ey/m..> 0.3, 0.4 2 isolated-y’s: Eq(y42)>55, 55 GeV
»> 0t = W
m.,, i - ATLAS . Dain g = ATLAS . Daa
Spl Iectru m E 10°E = Background-anly fit _; z 10° : — Background-only fit _:
I_I? ? B Spin-0 Selection E 107 | Spin-2 Selection
¥s=13TeV, 321" = Vs =13 TeV, 3.2 0"
10; it + % 'H}i:
w'g E 1u";- J
= Cl I I I = = E|__|____._|_.._|.|__...|_..4|..__|_|...:
= g s |t H 3
= g g 10= 1 =
B sE 3 5= ]
B o g OBt E
l".E Ef ] E _5_: 41 4l 3
g ~1of- = g -10% E
200 400 GO0 BOD 1000 1200 1400 1600 1800 2000 200 400 60D BO00 1000 1200 1400 1800 1800 2000
m,, [GeV] m,., [Gi]

Using 3.2 fb-" of Vs = 13 TeV data collected in 2015 :

Taken from Thorsten Wengler (monday plenary)



Null results for BSM searches are typically
presented as:

Upper Limit (UL) maps: Efficiency maps:
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1) Decomposition of a fundamental model

Input: SLHA file (mass
spectrum, BRS) or
LHE file (parton level)

SLHA or

LHE input Currently the model

must have a Z,
symmetry

The decomposition
produces a set of
simplified model
topologies (dubbed
“elements”)

Decompose



= [{TLIL 0] ]

([[M7, Mg, M3],[m1,ms]|)

o = [[I",07]]
ma
Each topology is described by: We (currently) ignore spin, color, etc of the
- Topology shape + final states BSM particles
- BSM masses _ | |
- 0XBR It is model independent, there is no reference

to the original model



= [[[ITLv]], [ ]
([[M7, Mg, M3],[m1,ms]|)

o =[]

Invisible final states are grouped
Soft particles are ommitted: into effective LSPs:

I M, - P VH_FJ / U H-I_Vhf"z
; \: o °
\f Py }( \ M; 1y Miyo M; 1




2) Computation of predicted signal strength:

For efficiency map results we v o weight xe 0 = 0 X BRX¢€
have signal efficiencies for : '1’, b St | s
various “elements”, and we can — e
add them together: —_—

Experimental Result (EM) Ly b | a“‘ r

(=T

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

m, {GeV)
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2) Computation of predicted signal strength:

Upper limit results we cannot
add up:

Fxperimental Result (UL)

g9 production, g — B, mig) == mig) L™ =201 ", e TeV
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How

- ye
SMgdelS - works

3) Comparison of predicted signal strengths

with experimental result:

() ? Experimental
‘ Analyses

......
................

mrmmmmmrsannnsnssses | o

Sum Weights Compare

with
Upper Limits

- Upper Limit Results:

Predicted signal strength = 0 x BR
Experimental result: o,

- Efficiency Map Results:

Predicted signal strength = o x BR
X €
Experimental result: o, =N /L from

expected(BG), error(BG)

observed’

- r=predicted / o,

- Model is excluded if most

constraining analysis hasr > 1
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What's Iin the database?

~ 30 ATLAS CONF-Notes/publications

~ 20 CMS CONF-Notes/publications

A

T

L

A

S
Experimental Result V'S lumi data type
ATLAS-CONF-2012-105 8 5.8 upperLimit
ATLAS-COMNF-2012-166 a 13.0 upperLimit
ATLAS-COMNF-2013-001 8 12.8 upperLimit
ATLAS-COMNF-2013-007 8 20.7 upperLimit
ATLAS-5U5Y-2013-14 8 20.3 upperLimit
ATLAS-5U5Y-2013-15 8 20.3 efficiencyMap
ATLAS-SUSY-2013-15 a 20.3 upperLimit
ATLAS-5U5Y-2013-16 8 20.1 efficiencyMap
ATLAS-5USY-2013-16 8 20.1 upperLimit
ATLAS-5USY-2013-18 8 20.1 efficiencyMap
ATLAS-5U5Y-2013-18 8 20.1 upperLimit
ATLAS-5U5Y-2013-19 a8 20.3 upperLimit
ATLAS-SUSY-2013-23 a 20.3 upperLimit
ATLAS-5U5Y-2014-03 8 20.3 efficiencyMap
ATLAS-5USY-2015-09 13 3.2 upperLimit

We can and will (and do) extend our database by using efficiency maps

Experimental Result V'S lumi data type
CM5-5U5-12-024 8 19.4 efficiencyMap
CM5-5U5-12-024 8 19.4 upperLimit
CMS5-5U5-12-028 8 11.7 upperLimit
CMS-5U5-13-002 8 19.5 upperLimit
CMS-5U5-13-004 8 19.3 upperLimit
CMS-5U5-13-006 8 19.5 upperLimit
CMS-5U5-13-007 8 19.3 efficiencyMap
CMS-5US-13-007 a 19.3 upperLimit
CM5-5U5-13-011 8 19,5 efficiencyMap
CMS-5U5-13-011 8 19.5 upperLimit
CMS-5US-13-012 8 19.5 efficiencyMap
CM5-5U5-13-012 8 19.5 upperLimit
CMS-5U5-13-015 8 19.4 efficiencyMap
CMS5-5U5-13-015 8 19.4 upperLimit
CM5-5U5-13-019 8 19,5 upperLimit

CMS-5US-PAS-13-016 8 19.7 upperLimit

CM5-5U5-PAS-13-018 8 19.4 upperLimit

CMS-SUS-PAS-15-002 13 2.2 upperLimit

produced outside the experimental collaborations (using recasting tools like

MadAnalysisb)



And check if we can reproduce the official exclusion curves.
When we have efficiencies, we can also check o, for every point

In the “mass planes™
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Physics Applications

SModelS has so far been used to:

-) quickly identify regions of model parameter space that can easily be
excluded by analyses, before employing more “heavy weight”
strategies for exploring model parameter spaces.

-) identify the most constraining analyses for a model

-) identify topologies and regions of parameter space that
CMS and ATLAS are blind to.

-) Very quickly recast results to different models



Physics Applications
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Physics Applications

Region 1A
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Availability

SModelS is written entirely in python and is available
here:

http://smodels.hephy.at

It uses pythia and nllifast for the computation of the cross sections.


http://smodels.hephy.at/

Future

We intend to extend the functionality of SModelS in
several ways:

Extend to non-Z, / non-MET topologies

Extend to long-lived particles (HCSP scenarios)

Make use of likelihoods

Make use of positive results (“excesses”)



Summary

SModelS can be used to quickly:

|ldentify the most constraining topologies and analyses for a given
model

|dentify the topologies missed by CMS and ATLAS
Recast results to different scenarios

Since it does not have to run simulations, it is very fast

Limitations:

It is tied to the simplified models results, for upper limit maps it is
overly conservative

No simplified models results available for long decay chains

It is only as good as its database of results



Thanks!
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