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starting from an experimentalist
point of view....
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...Long time ago, they told us SUSY was just
around the corner. It might still be true.
We just need to find the right one ...
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SUSY @ the LHC

» At the beginning was mSUGRA / cMSSM - squarks, gluinos

» Then, focus also on third generation squark searches, inspired by
Naturalness...

ICHEP 2012: First ATLAS stop summary plot with ~5/fb data at Vs=7 TeV.
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SUSY @ the LHC

» At the beginning was mSUGRA / cMSSM - squarks, gluinos

» Then, focus also on third generation squark searches, inspired by
Naturalness, and EWK SUSY ...

* 2013 —2014: many more searches, very complete search program from ATLAS and CMS

Status: ICHEP 2014
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What we learnt on SUSY @ the end of Run 1

» Projections made in the past were more conservative than what we actually
achieved - creativity, improvement in theoretical calculations and experimental

techniques, hard work made this possible!

» Most simplistic version of SUSY under stress
Partially true also for ‘Natural’ SUSY, although depends e.g. on level of fine-tuning

» Still, lot of open points for us to chase. A few examples:
top squarks up the TeV range - not yet fully covered
If there are such ‘light’ stops, gluinos might be in the 2-3 TeV range - not yet reached
Decays of sparticle in most of SUSY models are complex:
Limitations on our limits: often valid only if a sparticle decays 100% in one mode
High scalar masses (O(10 TeV)) foreseen in several and still natural models
E.g. model of focus point SUSY ? EWK sector to be explored more !

Strictly speaking, there is much more to be done on the EWK sector: Low higgsino mass
scenarios lead to “compressed” SUSY spectra (low AM Next-LSP - LSP) - difficult to
corner because of low cross sections + low acceptances

R-parity violation or non-prompt sparticle production not yet fully covered:

Lack of handles such as missing transverse momentum, complex phenomenology,
experimental challenges

4 Discussion, Naturalness 2014 14/11/2014




For discussion

» Let’s make a step backward:
What experimentalists like about ‘Natural’ SUSY ?
And what do we mean by searching for Natural SUSY ?

» We saw nothing so far: what’s wrong? Are we using a too simplistic
approach in our searches ?

Should we better complement the simplified models approach ?
» The real question (and biggest nightmare): are we missing something ?
... and are we searching in the right way (if there is one)?

Maybe should explore more on naturalness of the Higgs mass and its
implication (more in Marumi’s discussion)

Move to NMSSM or other beyond-MSSM scenarios: does this imply a
radical change in experimental approach?

Probably not in several cases (e.g. maximally natural susy models)
Should exploit more possible indications from indirect constrains?
» What are the prospects for (classic) Natural SUSY searches
And until which point can we talk about ‘Natural’ searches ?
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For discussion

» Let’s make a step backward:
»  What experimentalists like about ‘Natural’ SUSY ?
» And what do we mean by searching for Natural SUSY ?
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Natural SUSY

» Experimentalists or at least, the SUSY ones, like (some)
guidance in searching for new physics

Natural SUSY seem to offer a ‘paradigm’ on sparticle masses:
Some of the sparticles must be ‘light’ for the higgs mass to be at O(100 GeV)

» Fine tuning - quantified in terms of stability of EWK scale (MZ) wrt
model parameters (NP B306(1987))

model parameters
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tolerated fine tuning

What is usually said and used as guidance

Low level of fine tuning - Natural scenarios

Relevant parameters a;:
* u (higgs mass parameter) - enters at tree level - higgsino masses
A;, M3, M; 2 related to stop masses
* M; = gluino masses (entering at second order via stop mass corrections)
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what we typically search for . Piering (CERN seminar)

M. Dine et al. arXiv:hep-ph/9304299

P. Pouliot and N. Seiberg, arXiv:hep-ph/9308363

. Barbieri, L. J. Hall and A. Strumia, arXiv:hep-ph/9504373
. Dimopoulos, G. F. Giudice hep-ph/9507282

. Pomarol and D. Tommasini, arXiv:hep-ph/9507462

. Barbieri, G. R. Dvali and L. J. Hall, arXiv:hep-ph/9512388

. G. Cohenet al., arXiv:hep-ph/9607394

. Barbieri, L. J. Hall and A. Romanino, arXiv:hep-ph/9702315
. Sundrum, arXiv:0909.5430 [hep-th]

. Barbieri et al. arXiv:1004.2256 [hep-ph]

. Barbieri et al. arXiv:1011.0730 [hep-ph]

. Craig, D. Green, A. Katz, arXiv:1103.3708 [hep-ph]
Gherghetta, B. von Harling, N. Setzer, arXiv:1104. 3171 [hep-ph]
M. Papucci, et al., arXiv:1110.6926 [hep-ph]

» Inspired by a large number of
papers and discussions, the
‘model’ is:

Low mass higgsinos
Low mass stop (and sbottom?)
Low mass gluinos

AZO0O00OXPOPONVDO

g —* bb
B e
J -~ ~B -~ _ Of course, the SUSY
e Co B gad program is wider, but
SN this is the Natural
SUSY ground
e h*wivw‘r ........... S
F‘O—...Y. ............................................

8 Discussion, Naturalness 2014 14/11/2014




For discussion

» Let’s make a step backward:
»  What experimentalists like about ‘Natural’ SUSY ?

» And what do we mean by searching for Natural SUSY ?

»  We saw nothing so far: what’s wrong? Are we using a too simplistic approach
in our searches ?
» Should we better complement the simplified models approach ?
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True: we use simplified models - but large variety!
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increasing complexity of simplified models

We also go beyond strong BR assumptions = mixture!
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we look at deviation in SM measurements

More on compressed scenarios in Frank’s talk

M(stop) ~ m(top):

t production, t—) bff x /t - Wb x /t—) t x Status: ICHEP 2014 > Constra]nts from O-(tt) measurement
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again, many models in EWK sector
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Constraints on chargino/next-to-lightest neutralinos up to 720 GeV (if decays are
mediated by sleptons); up to ~ 450 GeV for WZ-decays; but maybe not even so
‘Natural’ EWK SUSY ..

Great emphasis on decay channels involving the higgs boson
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Beyond Simplified Model: pMSSM or more?

Use pMSSM to ‘generalize’ the results and identify loop-holes
—> intrinsically covers a wide diversity of topologies. SUS- 13-020

%103 pMSSM, CMS preliminary
1

SUSY is not just one theory.
It's rather a concept with a
multitude of possible
manifestations!
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——— p(BID°S) HT + MHT, 8 TeV, 19.5 fb”
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For discussion

» Let’s make a step backward:
What experimentalists like about ‘Natural’ SUSY ?
And what do we mean by searching for Natural SUSY ?

»  We saw nothing so far: what’s wrong? Are we using a too simplistic approach
in our searches ?

Should we better complement the simplified models approach ?
» The real question (and biggest nightmare): are we missing something ?
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SM background estimates

» Searching for BSM physics means understanding SM *) FOI:‘ '°ng-“;ed particle
background contributions (*) searches, need more

specialized techniques
Search kinematic phase space usually different from SM
measurements (tail of distributions at high p+)
‘Semi’ data-driven methods

. » Normalisation done in dedicated Control Regions
Irreducible SM backgrounds ‘ (CR) enriched in specific bkg. E.g.: ttbar, W+jets...

» Compromise between closeness to SR, statistics and
handling of uncertainties
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Reducible SM background

DF channel - WW CR for SR-WWa
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Still — when we ‘normalize’ SM bkg from MC to
data in CR, are we biased?
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many signal regions!

» E.g. inclusive searches focusing on 1st / 2nd
generation squarks and gluinos, but quite general

» Possibly complex final states, great variety of
signatures - main target of inclusive searches with
several jets, possibly leptons and large EMiss

CMS: 1402.4770

» Example: Inclusive jets+E M analyses: )
* Three jet multiplicity categories-(3-5, 6—7,and 8 jets)

* Selections in E{Mssand HT (Sum p+ jets)

. - _ S=gi
Minimum Jet multiplicity (2 to >=6j) S, L= 195" {5 2 8 Tov

* Use Effective Mass (M= E{"*s +Sum p; jets)
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complementary searches for gluinos

» Diversity !! Search for in gluino-mediated and direct pair production of
third generation squarks considering different and complementary
scenarios. E.g.: Gluino-mediated stop:

t — jjb Various analyses exploiting 0 lepton + multijets (7-10j)
R Y the complexity of the final Same-sign /3 leptons + jets (b-jets)
-7 ~~._--AX1 . . .
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complementary searches for stop..

» Various assumptions of AM(stop-chargino)  —
and AM(chargino-neutralino)

if, production, T, — b, %= W"%’, ATLAS Preliminary, Ly, =20"y5=8TeV, Status: ICHEP 2014 ""_
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~ [ === Expected limits .
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- e e -
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o) S I I I I i ] W 950l — Observed limits B 1L, [1407.0583] ]
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For discussion

» Let’s make a step backward:
What experimentalists like about ‘Natural’ SUSY ?
And what do we mean by searching for Natural SUSY ?

»  We saw nothing so far: what’s wrong? Are we using a too simplistic approach in
our searches ?

Should we better complement the simplified models approach ?
» The real question (and biggest nightmare): are we missing something ?
... and are we searching in the right way (if there is one)?

Maybe should explore more on naturalness of the Higgs mass and its
implication (more in Marumi’s discussion)

Move to NMSSM or other beyond-MSSM scenarios: does this imply a radical
change in experimental approach?

Probably not in several cases (e.g. maximally natural susy models)
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maximally natural SUSY 1404.7554

Stau or stau neutrino LSP

) Typlcal spectra: Decays of stop/sbottom in tau-enriched

final states

b v
SMWKK excitations [—— 1 1 P T
L/R ~ ATV o SM KK excitations f— Can reinterpret or improve L L
existing searches. E.g. > .
Z' e e G
~ 3TeV —= f < ©
p T
tf, production, BR(, - %;bv) = 1, BR( — © G) = b v
. . . ;‘ 500 _I 1T L -I I. LI I L LI I LI I T 1 1T ,I’,‘l’ LI I_
]./2R ~ 2TeV _— Gauglnos + hlggSIH(?S 8 E ATLAS Prellmlnary } 4." E
——— J 1st/2nd family sfermions E*" 450 = | Lat-2031" 1s=8Tev / =
— < .—:('g -
& 400 | === Observed limit (+10pee) ,’ =
- == Expected limit (+10,,,) P .,-' ; -
EL,R, bL,R 350 :_ [ LEP limit R ’ P ,_l" :. _:
~ 0.7TeV = Alllimits at 95% GL o ,"", i -
- 300 £ £ /1 =
TR, = 5 /i =
~ = - 250 —
few 0.1TeV| =5 - B ,,/ ‘‘‘‘‘‘‘‘ ]
200 - P =
--------- possible gravity sector LSP E o ’ =
150 7~ . 3
Y -
100 —

150 200 250 300 350 400 450 500 550
m. [GeV]
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For discussion

» Let’s make a step backward:

What experimentalists like about ‘Natural’ SUSY ?
And what do we mean by searching for Natural SUSY ?

»  We saw nothing so far: what’s wrong? Are we using a too simplistic approach in
our searches ?

Should we better complement the simplified models approach ?

» The real question (and biggest nightmare): are we missing something ?
... and are we searching in the right way (if there is one)?

23

Maybe should explore more on naturalness of the Higgs mass and its
implication (more in Marumi’s discussion)

Move to NMSSM or other beyond-MSSM scenarios: does this imply a radical
change in experimental approach?

Probably not in several cases (e.g. maximally natural susy models)
Should exploit more possible indications from indirect constrains?
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Indirect constraints

4 BS —> LL: constrain MSSM at large tan { What can this tell us about
» BR Enhancement from many BSM models SUSY?

In SM: In BSM: b -
b_‘_ W+ ""+ a:) g5 | t h°,H° i B, ———A—U——< o mB—;’;n/i% tan 3433
t Z _ ' - A f
S - " S : t Ty K
> S
b_<_./\.)v\+/\/~—<—u+ b -*Z‘: * 1 1
[ N o ol Large tan p with light pseudoscalar
XA L ... - Higgs disfavoured BUT
L ¢ ’ : :
The CMS and the LHCb Collaborations have Natural” (small fine tuning) MSSM
obtained a combined preliminary value of the scenarios barely affected
Bs—pp branching fraction of (2.9+0.7)x10-° * SUSY-BR(Bs=>uu) is ~ to SM-BR or even
smaller in some scenarios
DO 10.4fb ' ! S
60 o e
CDF 10fb ' [~ : | & V:1212.4887
ATprLe’f‘iﬁjr;gf;" | 4 fenomenological
| = W, only < 20-30%
LHCEb 310 ™ | sm S arios are excluded
CMS 25fb " |— 20, ]
CMS+LHCb |
preliminary AN [ R S S SR R AP B A i o ol it it b
0 2 4 6 8 10 12 14 16 18 20 22 200 400 600 800 1000
In agreement with SM: B(B)—> p'n) [10”] M, (GeV)

BR=(3.56+0.30)x10-°
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Indirect constraints (ll)

» EDM: As other BSM theories, SUSY predict small - yet measurable
electron electric dipole moment (d.,)

(In SM, d, ~ 1044 e cm)

€r

(Hisano @ Moriond EW 2014)

€Rr

(e cm) Simplified model

Bino-higgsino/Selectron Selectron-electron- 3 with maximal CP
higgsino interaction -10 phase
ACME collaboration (arXiV:1310.7534):

d. = -2.1£3.7(stat)+2.5(syst) x 102° e cm

|d.] <8.7x10% e cm
for models where 1- (2-loop) diagrams produce d., s
bound on CP violation at energy scales A ~ 3(1) TeV

Small CP phases <> decoupling: Might indicate

Electron EDM

. bound
preference for 1st generation squark/slepton masses |
(preserves EWK sector / naturalness) MSUSY (TeV)
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Indirect constraints (ll)

Gu — 2)
au =
» Anomalous magnetic moment: Muon g-2 ( 2

asM = (116591828 £49) x 10~ 1
. Aay, = — a,(SM) = (26.1 £8.0) x 1071
2P = (116592 089 + 63) x 1021 ay = ay(exp) — au(SM) = ( ) X

. . JHEPO1(2014)123
3.3 o discrepancy > New Physics ? SUSY ? LHC and g-2 constraints

Here, chargino-sneutrino contribution dominates g-2

day ~ (anp/4m) X (m? /m3p)

Y N

Coupling constant of new
particles to the muon

Typical scale of new
particle mass

SUSY contributions to g-2: .
neutralino-smuon and chargino- * SUSY explains g-2
sneutrino loop diagrams » LEP searches

B » Excluded by LHC
H_-- e lepton searches
U . Excluded by LHC Jet ™"
searches
X M,,M,=bino,wino masses

u = higgsino mass
e M m_ = slepton (LH component) mass

/

i
700
M: [GeV]

(a) p = My, mg = 3TeV
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For discussion

» Let’s make a step backward:
What experimentalists like about ‘Natural’ SUSY ?
And what do we mean by searching for Natural SUSY ?

» We saw nothing so far: what’s wrong? Are we using a too simplistic
approach in our searches ?

Should we better complement the simplified models approach ?
» The real question (and biggest nightmare): are we missing something ?
... and are we searching in the right way (if there is one)?

Maybe should explore more on naturalness of the Higgs mass and its
implication (more in Marumi’s discussion)

Move to NMSSM or other beyond-MSSM scenarios: does this imply a
radical change in experimental approach?

Probably not in several cases (e.g. maximally natural susy models)
Should exploit more possible indications from indirect constrains?
» What are the prospects for (classic) Natural SUSY searches
And until which point can we talk about ‘Natural’ searches ?
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The next steps for the LHC

» LHC Runs 2 and 3, up to 300 fb' at /s = 13/14 TeV

Huge increase in sensitivity wrt Run 1 in multi-TeV region

1000 ¢ —
F ratios of LHC parton luminosities:
- 14TeV/8TeVand 33 TeV/8 TeV

. — 99

100 —
- ---- Zqq

luminosity ratio

MSTW2008NLO

1000C

10 '1‘00 1000
MX (GeV)
Cross section Sqa
14Tev/8Tev 99 a
M, =2 TeV ~20  ~10
My =3 TeV ~70 ~30
M, = 4 TeV ~400  ~160

>

Minimum bias

7

WH

t (s-channel)

H (ggF)

H (VBF)

t (t-channel)

tt

ttH

stop pair (0.7 TeV)
stop pair (0.9 TeV)

11

16

Cross section ratios: 14 (13) TeV / 8 TeV

And: pp — H*(500) + X: 14 TeV/8 TeV ~ 7

(for 13 TeV/8TeV:8.4)
(for 13 TeV /8 TeV: 12)

gluino pair (1.5 TeV)

J 72 (for13TeV/8TeV: 46)
]

J5700 (13/8:2700)

gluino pair (2.5 TeV)

Z'SSM (3 TeV) 13

’ 87

Q" (4 Tev)

QBH (6 TeV) |
1 10

» High Luminosity (HL)-LHC:

up to 3000 fb' at /s = 14 TeV - factor of 10 luminosity crucial for new physics
processes with low cross section (e.g. EWK SUSY, 3" generation squarks)
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Squark/gluinos reach at HL- LHC

W ALY BN T T T
» Compare the search reach with 300 and 1 R D p;jg;v ;1;;;;
10“ - 4" a
3000 /fb at 14 TeV _ R\ — o
) 10°L — PP T
§-g production, § — a9 %, ATL-PHYS-PUB-2014-010 = m':: \\\\ ot
= L B B L B B g 10
3 2500 [~ ATLAS Simulation Prellmlnary L Oy = 10% —:I 3 l(t)o‘l.- AN = 100
¥ C [Ldt 300, 3000 fo”, {5 - 14 TeV , Gl . d z 102{ \\\ o8
- com : ] =r ™~ 10t
2000 o Obm:ms;r:‘(.’ﬁ-?rwmu - “ u.lnos. lscovery Yo jé' \ \ ] io.\
F omammee potential at 3 /ab :g 13 T~ o
- — &ax.mwb':(w-tw ) - !—
o SSERENLS up to 2.5 TeV Y S S N S S B S
- 5 0 500 1000 1500 ’000 3500 5000 !
1000 — - Mass [GeV]
500 — _
:}J;;'? - ] CMS PAS FTR-13-014
3 : CMS Simulation  |s = 14 TeV
0 500 1000 1500 2000 2500 3000 Dlscovery < A S E ]
™ fren © 1800 Expected 50 Discovery ]
3 odecton s 0 (Heriges), oo reach up to S o - Phasel <PU=0, Lono " F
S SRR AR AR AARAP AL AR IR 27 T phasel <PUse0, L3000 157 ]
C . . - o <10% [ — Phasel, <PU>=0, L= ]
g Zop [ALf‘A;o aojr“ﬂat'o? Preliminary o™ 2 . 5 = 3 Tev 1400 [~ — Phasell Conf3, <PU>=140, L=3000 fb" =
g™ Co - 300, (e -14TeV ‘ 5 b
- O-lepton combined & 1200 — —
2000 o ATIAS 030", fF. B TaV, 56%CL - C pp —Gdg, §—>tf520 ....... ]
CoLonmomI ) 1000 - m{t) >>m@) o ]
o[ = eI Squark discovery b A -
u potential at 3 /ab - ]
1000 |- & 600 -
- ¢ up to 1.5 TeV g :
C 400— -
500 |- 200F _ =
. oL Ll Ll G s
0" 0 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500
m; [GeV] mg(GeV)
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Third generation squarks

» Top and bottom squarks
Direct production, feasibility studies only for standard cases (b/t+LSP)

Predictions for ‘compressed’ scenarios more difficult > need complex
analyses, good level of knowledge for systematic uncertainties

l ATL-PHYS-PUB-2013-01 |

ATLAS Simulation Preliminary 31 sbottom
(o =300 fb”! (<u>=60) 50 discovery = )
\s=14 TeV :ggg;?b.sii;:‘:%gf;f’oﬁsi’;“’,':fi;°" =4 Sbottom pair production, b, — b, /s = 14 TeV
L e - A B
> . DIATLAS & TeV (0-lepton): 95% CL obs. imit] (5 1200/ ATLAS Simulation Preliminary .
' ¢ st ., qu' N M ATLAS 20.1 b7, f5-8TeV, 95% CL ]
0 and 1-lepton combined ‘«::3-‘-""""'., T3 1000 , b Zfifﬁo“’ﬂ',.-“"?‘?“gjg’;."a -
.o-.ﬂ“" ".,_ T 3 N 14 ¥l 300 b 50 iscovery .
* : - 800 >):~\ = 3000 fb" 56 discovery —
T n o X ’
: _i 600~ s / JEPUTRSEte Yy ]
T R S
0 200 400 600 800 1000 1200 1400 - ':. :‘ 7
Mstop [GeV] 200 __ ' E -
, £ .
1 l 1 L :l l. 1 1 1 1 N
Discovery reach up to 2.5 TeV (gluino) 500 1000 1500 2000
and above 1 TeV (stop/sbottom) ATL-PHYS-PUB-2014-010  ™; [GeV]
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EWK SUSY at the HL-LHC
ATL-PHYS-PUB-2014-010

» Chargino and neutralino o
prOdUCtion Via Wzg 900 A'II'LASI Simtlllalio;r Pre;iminalwry S

(5 14 Tev — JLat-aooom“.p-uo.gsa'.CLexumn
800 5= € (

— J Ldt - 3000 ", 1140, So ciscovery
700 3-lepton channel ... J L dt - 300 ", 60, 5% CL exchusion
— JLdt 200 1o, 1~60, Sc discovery

] BTwJLm 203", 85% CL exchusion

- . . . S00E- Me=My ol et .”'\
Via WH, with higgs in WW*, tt :
CMS PAS SUS-14-012  *°F el ™ i
1000 14 TeV 300/3000 fb PU 50/140
> - CMS Phase Il Delphes Simulation
) Lo 2012 Observed 95% CL Exclusion Preliminary | A W T T T
= . 800 " 3000 fb™ 95% CL Exclusion — 900 300 400 500 600 700 800 9S00 1000 1100 1200
= - —— 3000 fb' 56 Discove .
= [ e 300 fb" 95% CL Exclr:sion ] mii'mi‘; [GeV]
600__ —— 300 fb™' 50 Discovery ]
L AL oWIH, Charginos/Neutralinos discovery
a00- 7 . potential at 3/ab up to 800(600)
i e 1 GeV depending on decays mode
A -
0:_,@?-"‘:, - T T Very challenging even with 3 /ab
200 400 600 800 00
mo (Gevg
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Even more prospects: High Energy colliders

» Higher Energy hadron colliders of course provide an exciting playground for
SUSY with possibility of reaching high sparticle masses!

50-70 TeV pp collider (SppC) Rule of thumb: at fixed Lumi, discovery
100 TeV pp collider (FCC-hh) reach scales as 2/3 E, .,
X 5 from 14 to 100 TeV

Gluino pair production @ 100 TeV

Simple feasibility studies: several jets + ETMiss searches
12———————————
r i~ .0 -0
- PP—3g—qTx,adx,

10~ 5o discovery

Feasibility studies: mono-jet searches

- Discovery reach up to (relevant for compressed scenarios)

%

m_, [TeV]

- v | 11(6) TeV depending on
-ty 4 d s [T T
[ —— 14 TeV, 300 fb" ] eécay moae A g
6; = ! m ot -
- 1.
[ pp—3g— iy, d
6 | 5 odiscovery
: : 33 Te\e/, ,140 PU, ;ooo fb: M . Battagl ia
41— 14T:V: 50 PU, ,300fb" FCC'hh
' Workshop
. 2-_ Mono-jet only |
arXiV:1310.0077 _ 100 T(]e)V -
. | 1 ab?! |
(Snowmass ‘13 studies) _ AT
0 1000 2000 3000 4009 0

0 2 4 6 0!
m, [TeV] M(x,) (GeV)

FCC-hh to operate at the same time of FCC-he and FCC-ee: great complementarity
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electron-positron machines

» Various proposals under study:

A
Linear e+e- colliders: ILC, CLIC g,q,H w
Circular e+e- colliders: FCC-ee (was TLEP), CEPC
: : ? Sensitive to EWK process D
» Why are they interesting for SUSY ? Compressed scenmioe | X2 ®. T
Sparticle o for unpolarized beams at e+e- for ILC benchmark ‘Natural’ SUSY

ILCLimg = 7025 GeV, my, = 568.3 GeV, Ay = —11426.6 GeV, tan3 = 10, u = 115 GeV, m4 = 1000 GeV

o' [ o —— it 27 o Sparticle o at e+e- for one CLIC benchmark point
s
-=-44 2z ] T Tk 3 i . i
103 L -- -%Z} 22, | —— charginos
—_— :?? - _i}z‘ —— squarks tt 120 GeV Higgs ]
-l = L] — M
102 : B = Pl CLIC CDR
! ] _ 107 1
neutralinos
’éw‘ L
© e ! € 10!
I c
; S
107" ". 9
o S 10°
10—2 1 'l ’ v
1073 \E E 1 1 v\ II', 1 l 1 1 1
200 300 400 500 600 700 800 900 1000 10t F
Vs (GeV)
arXiV:1404.7510
. . . -2 L L ! L 1
High cross section for x*; and y, production and sleptons: 1075 500 1000 1500 _ 2000 2500 3000

clean environment to access very compressed scenarios Vs (GeV)
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electron-positron machines (ll)

. : D0 e
» In EWK SUSY sector, some of the LEP limits are still the 3 o
. N ~t ~—
most stringent up to date. Y S0 KR
+ X
e ~
»  Example: fy o
o ° \ + ~+
slepton pair production - N 4@9 eLR s
X / 0 Ob d
AN i SCrve
e A Z N [ Expected
350:\”“\““HH\HH\H L.R R 1,2 20
=< 300 ;ﬁd.{-l-zii Vs=8TeV —Sb:etejllrrr::(( 11: o) ¢ LHC Current Excluded at 95% CL
=1 -_LEPZPREC' uded reSUItS 0 (1=-200 GeV/c*, tanp=1.5)
250 ; /;II limits at 95% CL. 50 60 70 30 90 1002
200:, yd 6;’20 =—e— Observed limit (+1 c'sSI“SIY) O MTR(GCV/C )
F 6\@)‘ 4 \O 18 = = Expected limit (+ O, M
§ g B ILC (300 GeV) arXiV:1307.5248
L arXiv: 1403.5294 g 1 ™ =0 Gov = =
. s F =20.3 fb”, Vs=8 Te - [0)
; £ fLdt=20.3 10", V5=8 TeV (053 250 I [NLSP 3, o 250 |INLSP: g
& 3 R 5 |
N T ] = 200| — Exclusion =200 F — Exclusion
100 150 200 250 300 3¢ F L i
~~ ' E - — Discovery ] - — Discovery v
e/ig mass 150 | O\P\.’ 150 | W
2 ek i H L ]
: E ’ > 100 | &>
T, Mass & .. | 100 : o°
I I3 F m_=60 GeV ] I 1 o
g E oy " 2 i 50 | c}\)
5% A 507 : @
E o\ E i I
Difficult to probe -\ E ol ] 0 G
: , 2 E 0 50 100 150 200 250
regions with AM(Next ; R s VA AT My, sp [GEV]

LSP-LSP)<100 GeV 700 TTe0 0 30300 .. . . . .
) ~c" | Similar studies in progress for circular colliders
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electron-positron machines (lll) P

10 " ! I T = 10

Chargino/neutralino pair production

Very challenging at hadron colliders if no intermediate .
sleptons and/or in compressed scenarios

LHC current results

CMSPmmmaw ws—smVL —195m*

> 900 e R A
8 800:— — i x (vial, i) —— Observed limits 3
E 5 =

o 700¢ b
600F =

= —Pp—>xx—>(Zx)(W4) .
500 — PP, —>(Hx)(W1°) L

E sus-13-006
400:_ SUS-13-017

300F

", il VRNETET | NED TSN EESTSTE RRTE S SrAr S R S
200 300 400 500 600 700 800
m; = 0.5m. + 0.5m. m.. = m, [GeV]
" Lo X

\‘H‘\HHWHWHWL
=== Observe ol I
Ldt=203fb", (5=8 TeV ----- Expected limit (=10, )
7 -Wr Wy I LEP2 7 (1035 Gev)
((\ N Al limits at 95% CL A

L

m_, [GeV]
3
>
':| i
b Y
»
2
]
El
|

VT A e 0 N
100 120 140 160 180

35
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=

T
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Higgsino - cMSSM

----- expected limit

= s
—> LEP limits are still the most = LEP ]
stringent for model- independent F
chargino mass!
o0 M;Z’;((;es‘{") 100

CLIC (Stage 2: 1.4 TeV)
1601

o COR e-m |8

120 &

50 ee” - 11 i — 1 X1W+W_
40 €'e” > )“(g )”(2 - th1 Xl

] + .- ~0 ~0
] — — Zh¥
1430 c¢c L2 %2 X1X1

100} .
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10 (few hundred GeV): 1 - 1.5%

80"

60 ) , o 1
Y '.; :
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*Similar studies in progress for circular colliders

(M(charg/neut2)=487 GeV)
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For discussion

» Let’s make a step backward:
What experimentalists like about ‘Natural’ SUSY ?
And what do we mean by searching for Natural SUSY ?

» We saw nothing so far: what’s wrong? Are we using a too simplistic
approach in our searches ?

Should we better complement the simplified models approach ?
» The real question (and biggest nightmare): are we missing something ?
... and are we searching in the right way (if there is one)?

Maybe should explore more on naturalness of the Higgs mass and its
implication (more in Marumi’s discussion)

Move to NMSSM or other beyond-MSSM scenarios: does this imply a
radical change in experimental approach?

Probably not in several cases (e.g. maximally natural susy models)
Should exploit more possible indications from indirect constrains?
» What are the prospects for (classic) Natural SUSY searches
And until which point can we talk about ‘Natural’ searches ?
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Bonus slides
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Searches for EWK SUSY with higgs

Higgs discovery opens up new branches of searches:

Lightest neutral CP-even higgs expected to be SM-like, if others are heavy
Charginos and neutralinos can decay to h+LSP

» CMS: Comprehensive set of searches for Zh, hh and hW final states
higgs in yy, bb, ZZ* and WW* o
Example for neutralino pair production in Gauge Mediated Models: -

; N
hh—>bbbb mode _ n
CMS L=195fb" Vs=8TeV
CMS L = 19_3 fb'1 ‘/g = 8 Tev :a il T T LI Ly L L L B D L L Y S B L B BN B L L s §
> L L I L L L L B NI NN I Q_ B mi(;:m..x“::m.xo; m§=1GeV IndlvidualexpectEd B
o L Dat i ~ = ' —_ _
O] 12: ¢ _aa i 5 105' m= >3]  ==isbbbb
9 10 |:|tt ] l-n-'.'lq.,..,m.. -y bb LIL LT YYI n
; L .Non-ﬁ ] ~ —— 'H"_"—-.-'um-._u_.—-._-
c gL ® weeea Lo = 250 G\ 1B -~ —
o) N %, i = -, -~ E
Lﬁ C — M = 400 GeV] = — e =]
6 ' ] u i
i " %%, — hGhG i
4r 10" = — Observed
C - B Expected =1 0,
2r ] B (1000 %2 Ogyp, 17071
0_ _____ ] (02 === NLO4NLL =1 0y,
"_'_I I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
20 40 60 80 100 120 140 160 180 200 150 200 250 300 350 400 450 500
(mbB) (GeV) Higgsino mass m , (GeV)

X1
arXiv:1409.3168
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Constraints from Bs

» Other examples of constraints from Bs=>uu

mSUGRA

2000

CMSSM  tan p=30,Aq=2.5mg, u>0
g 'l 'l ll T T T T

g

------
---------
~

- - -
______________

100 1000 1500
my,» (GeV)
green lines — bounds from B; — pTpu— (CMS & LHCb 2013, exclusion to the left)
purple lines — ATLAS 95%CL bounds from Er+ jets
green shaded - excluded by b — s .
K arXiv:1312.5426

brown shaded - charged LSP
pink shaded — SUSY helps with g—2

blue strips — favoured by Qpnm

39 Discussion, Naturalness 2014 14/11/2014




