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Disclaimer:

- 7 results among n

- Focus on phenomenology — interpretation
& signal selection
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Gluino searches
3™ generation squarks searches
- The case for
> Stop & Sbottom searches
EW Susy
“Naturalness”
Interpretation in complete theory
Conclusions & prospects

Results:
- Cover the 8 TeV data taking period: ~20 fb™

- Are with R, conservation hypothesis

- 90% of cases: Based on simplified models
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explored avenue in SUSY 10 100 150 200 250 300 350 400 450 500
searches... Courtesy of ATLAS Particle mass (GeV)

LHC's energy reach allows g - tty°,:

- Rather low background: 4tops

- Cross-checks across 5 final states
in case of discovery

- Hypothesis: m(g)<m(q)

Candle production- & decay-mode for
t g searches @ LHC
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A production- & decay-mode well

explored across different channels:

Sensitivity to:

- m(g) ~ O(TeV/c?) !
- form(x’) ~ 700 GeV/c?
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Squarks
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“Bottom up” approach:

Targeting low-mass players in each
category of sParticles, i.e. those with
highest chance of production for the
energy reach of LHC...
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The case for
3™ generation squarks

SUPERSYMMETRY

) Cuarks @ vLevioms @ rorce particies Squariz @ siepons @ §USY force
P& -3

Standard particles SUSY particles
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MSSM lagrangian with soft breaking terms :

pottom of sParticles

Quark left- & -right superpartners (scalars) can strongly mix to form mass

eigenstates :

)
I

AT : Tri-linear (stop) mixing term
M, = SM quark mass

Mass difference of quark superpartners:
Proportional to M 0= M, :

~ 2 ,
) M5+M5+M%(%—§smzﬂw)coﬂﬁ | Myldr+-4c)
MQ(AH# M&+M5+%M§sm Bycos))

Mass

Strong mixing in the stops fl , sector

—_» CT:'1 might be the lightest squark)

SM
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“Up” squarks
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Matter

CLightest Neutralino X’ stable: Natural candidate for Cold Dark Matter)

Observed QCDMhz = 0.111+0.006 @ 95% CL (WMAP) well explained

IF 6m = m(l3) - m()° 1) small: Co-annihilations dominate

- %', t - tg, tH°, bH*
"E "E ~ tt, gg, HOiHoj, H H*, bb

Is stop/sbottom degenerate with LSP ?

my=—pu=2M, m,=5M,, tangf=10

100 -

= B
~ - $ 60 [
Am = M(t,) - M(x’,) = 50 GeV/cz<§

...S0ft decay products L

20 -

100 10QC0
m, [GeV]

. Boehm et al., PRD 62, 35012
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Experimental look ©@
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Kinematic domain: m(fl)<m(b)+m(W*)+m()zol) PAS-SUS-13-009
Complementary to 2-body (tZ‘)l, by",) & 3-body (bW%",) decays "
Selection SR
- p.(1)>110 GeV/c A

p.(j2)>60 GeV/c: OPOOOO000 ;

v

- Increase S acceptance b/c ISR jets §ow
- Keeps soft charm jets ‘invisible’

|
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p.(j1): > 250 -» 550 GeV/c

Search performed in 7 inclusive bins of

— 350 7
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Progressive loss of sensitivity
@ higher t, mass: Decrease

of o

Good sensitivity @ low Am
b/c ISR jet requirement
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Djouadi et al. : PR D, Vol. 63,
115005
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30

Big contribution if log(A

2/MWZ) ~ 65: This is choice !

GUT

Squark mass unification can very well be @ low energy...
IV, | ~0.05

Preferred at low tanf: Excluded by LEP Higgs searches

- In terms of parameter space:
Dominating over a larger space

- In terms of mass space:
Dominating over larger kinematic regions

Ey & bwy°
S = x
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following

Decay modes
covered in the
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Phenomenology, i.e.

difference of
kinematics vs

1) decay-modes
2) masses regions
- Selection

Pedrame Bargassa, Protvino 2014

LT — by = bWy (x=0.75)
AM=My,

Lt —>by = bWy (x=0.25)

T by = bWy’ (x=0.5)

400

0 me [GeV]




CMS s=8TeV, [Ldt=19.5 b CMS 5=8TeV,
S 1 &[ 7 g4
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0

t* region: Sensitivity up to m(y’)~180 GeV/c?
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b-tagging & m

Preselection: PAS-SUS-13-018

- N(ets)=2 w p_(j) > 70 GeV/c m’_ (v,v,)=[E (v )+E (v))]*[p.(v)-p.(v,)]*

- N()=1. 2¢(b,,b))< 251 N(b)=2  Measure masses of pair-produced semi-
- H_/MET > 250/175 GeV invisibly decaying heavy particles:
¥ '~ >0
. M, (j2,MET) > 200 GeV t/b, =Xy,
600 CMS Preliminary, 19.4 fb! ys =8 TeV ) Selection: Cut & COlll'lt
> pp—bb,6— b% NLO+NLL exclusion , 8 SRbinnedin[m__, N(b)] to increase
o = Observed*+ 10 E = = ~
~ — — "Mtheory 3 c 111 0
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n EW sector of SUSY =

"
PAS-SUS-13-006
ArXiv:1405.7570

i VM sin § \

Mz =
V2 MW wsf -
Cuarks @ Leotons @ Foce particies
Standard particles SUSY particles
- N\ Hypothesis
I ) Myesfsnty Mysinfsnd _
- e 1°,: Bino-like
I, | Mg Il My (03¢ j HW S 78l IC J HW
=0 = o " w ~+ ~0 . . _13
WL -Mposdsmby Mpesisngy 0 l x-Sy Wino-like
L i m(y~,)=m(y",)=m(y)
. Wpsnsnfy -Mpsmjosty O |
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omenology picture

Associate x* /x°, production

m()=m(v)= m®°)) + x.(m@)-mE°)))

! Associate 3 * /x°, production
U m(l) Too heavy
x %, wino-like: Little

AL sen31t1V1ty to ZZ. Enhanced in
i @\ ¢ GMSB
r'

Direct y* & 1 production

Large variety of production- &

decay-modes considered:

As model-independent as possible
21
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is strategy

i
/ r - Trilepton
f ";""‘i o - WH + MET
e 3 7 ~  Opposite-sign, non-resonant
A -“\-:\ ) y - dilepton
r > 4-leptons
: ("((') )| For sensitivity
L (Hj TR S enhancement:
”.--"' =mea ﬁ' I“ = 0
iy qh )
u-/.f r{l All signature-based searches
oL recast for per-diagram
el < 7 / .. interpretations
{I: g 1! 3
\r : Will present trilepton, WH+MET,

OS-NR-DL
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Preselection:

- All lepton flavours allowed
N(e or n)=1: pT(e,p)>20 GeV/c

-
o

Events / 50 GeV
=

M. = 160 GeV

Events / 50 GeV
=

120 < M; < 160 GeV

Events / 50 GeV

M = 120 GeV
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N(rh)s 1: pT(rh)>20 GeV/c

MET>50 GeV

With & without OSSF dileptons

CMS

M;» < 75 GeV 75 < M, < 105 GeV

Vs=8TeV,L=19.5f"

M = 105 GeV

‘\\\

" Events / 50 GeV
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P
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Events'/ 50 GeV.~
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uu'e
Tyt
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Bl Ay
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J--- (15::1:::@@&\.'
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x i —>trv}iff3

- - - (600, 300) GeV
K;:U 5

M- [GeV]

CMS \s =8 TeV
250 —————T—————T—

200

150
100

50

Selection:
Search regions: Exclusive bins

Get sensitivity to a variety of
signals from # kinematic
regions

Excess ?
To be followed @ 13 TeV ’3



) - lvbb + MET

CMS  {s=8TeV  L=195f"

CMS  ys=8TeV  L=195f"

no
[$3]

W: Required - lv R R S T SO
. . . L 2l top-quark r 2| top-quark
— Sensitivity to H = bb 8 oo e 818 o
E H -wm; E 14? -wm_l; ]
L|>J 15; B v+ ight jets u>J 121 B Vgt jets -
. : - Rare 10:_ - Rare ;
Preselectlon: L #4424 Total Uncertainty r #4422 Total Uncertainty 7
C — T, - WE(HE) (200/1) ] - — W7, —» W (HL,) (20001
- N(e orp)=1: p_(e,n)>30,25 GeV/c ‘ 2 ]
- N(et)=2 within |n|<2.4: Reduces ttbhar = | B, | @ &= & B, |
g b'tagged 50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
M,; [GeV] M,; [GeV]
- M_>100 GeV: Reduces W-lv
T o B etV LeBSEL M eV Lt
. N 14? miss o ® Data E miss o o Data
- No high-p_track / . : Reduces ttbar-dilepton G et R S T
% 12_— -Htop-quark 7 8 8;— -Hmp—quark
E r W vz vib ] E v [ P
S 10 B wiop - 5 °f w5
° o I vt jets 1 3 6 I vt s
Selection: - M 1% e
. . . L #4424 Total Uncertainty 4 F #4224 Total Uncertainty
bl . “ ” 6 — F - WEHE) (20001)] 4F — i~ WEL)H) 200/
" mnimum motner particie r ] g
. . : EErasa] : 3;
mass compatible w P (1, b-jets, MET).  * )
2F 3
MblT2>200 GeV/c? i |

0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500

Search regions: Mg [GeV] Mg [GeV]
3 overlapping MET regions: Get No excess observed in Data
sensitivity to different m(y)-m(y°,) @ M(bb)~125 GeV/c?
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Preselection:

- p(en) > 20 GeV/c

- M()€[75,105] GeV/c?
- MET > 60 GeV

- No b-tagged jet

- Background: Mainly ttbar & WW

o4

=
10 e— e = BODGiEW
—_—— e = SO0 Gey

10°

1o

102

Entries /10 GeY

10-1
10-=

10—*
2.0 T T T

1.5
10......|—T—|}|_T_.T

Ratio

os| SRS Lo

o.0 | | 1

=14 100 150
My [GeV]
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CMS 5 =8 Tev L=1254""
T T T
104 e*uT ¥ Data Bl Rars Shd
= Tep s R
2 0 v /1 Honprompet
10 B wWE ———— Ry = 500 Get
— —/ Z= e Rpa = 300 GE
m  10°
[h]
i
- g1
L
[ak]
5107
=
Ll
1g-1
10-=
10—=
2.0 T T | T
1.5 —
o] |_I_| I
= L L L | o Ll = LI L ].— H
= 1.0 + =t } fr e — | T
T os| - .
0.0 | 1 |
a0 100 150 200
Mery [GeV]
[
Selection:
[ ]

m_: Well suited to reduce WW &

ttbar: End-point @ m(W)
m . > 120 GeV/c?
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TR doesn't participate: Both diagrams exist.
2 diagrams y° ~ll-ll;° replaced by
1, wW-wi° : -50% Br(3l): Flavor-democratic

1R participates but not (1L V). 1R couples to % * .

via higgsino compenent: t-enriched

- Both* & %°, decay to t: t-dominated

CMS Vs = 8 TeV L=19.5 b’

= sool T T T T T
D [ pp— 11 TQ 95% CL CGLs MLO Exclusions ]
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- Trilepton &

Z

X1

e .
"*_L\_L"_ X1

W

combined: Dominating @ low &

Am

- Noticeable degradation @

Am~m(Z) b/c soft decay products

Br(y°, - Z¢°)=1

CMS Vs =8 TeV L=19.5f"
= 240_"'1'"'|""b""|'.f"1"'_‘
- 0+ 95% CL CLs NLO Exclusions E
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> OS-NR-DL: OF & SF channels >

CMS  Vs=8TeV  L=19.5fh"

= AT NN AL
8 600 - pp— 111 ﬁGLCLs NLO Exclusions -
= - - — Observed 116“1&:._‘r B
. [ 7Ty, —— ]
E s00f- ZI: Expectedlo, oo -
i Fe!fi?,'\‘r—)vz ..... mp >y ]
400 = -
300 .
200 - . -
100 .
: L4 ‘\ ‘I ‘\ :
0‘ FTi S I IRPRPEIN IR SO % | | AR S

200 300 400 500 600 700
: M;=m; =05m. +0.5m.,, (I=e,u1) . mﬁj [GeV]
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. Higgs

Ida: If only stop has O(GeV) mass among sParticles, close enough

to Higgs: Enough to “stabilize” the Higgs mass problem

g

)
E M—imﬂ]

’ H ) A
0 Lo
c, . f s
H

o0
::I:.'
@
1
1
1
)
/,_\"‘\
“ y
\._____./

!

=
=

Explore SUSY scenarios, i.e. mass hierarchies, where fl &
higgs/higgsinos are light
- Decoupled regime: h “SM like”: h - vy, {H,H*,A} much heavier

- Meanwhile: Start looking @ this physics within (more) constrained
models...
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“Natural SUSY”: PAS-SUS-13-01
Masses of the stop & the higgsinos light ArXiv:1312.331

Q=

1,5 %, : Almost pure Higgsinos » Degenerate in mass
- Higgsino production mode:

. (- )
- Direct: EW \ - .
. Strong t.t. production = R
- Decay modes: 7 BERREE
Iy ot 4o 0
> tR - bxl )] tXl,Z \ J
~ ~ _ Stopg
- Degenerate x *,x, . Bottom
o * - 0 ,1.,20 .~ 0 Top
Xy Ay, = WHZE Y = Y —  higesino
- Model-dependance: GMSB: s < l
x,” = G H: Dominates for =
significant part of parameter P, ~N Q;co Hf
space, including low tang, i x| e~
and negative values of p S t b
Final state: HH, MET, +2b/2t for / 2 T/
strong production - )\ é H
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Selection:

C

3

Y

& C

v

At least one H - yy: Take advantage of known m(H)
N(jet)=2 from either other H, or fR decays

- 2 satisfy loose b-tagging / At least one satisfies medium b-tagging

Signal .

regions:

Events per 10 GeV

Events per 10 GeV

w

Do

—

)

v

a) N(b)=3: Larger Am
b) N(b)=2 & m(bb) € [95,155] GeV - Small Am= m(t )>-m(H)

- ¢) N(b)=2 & m(bb) off-Higgs mass: Larger Am

CMS, (s = 8 TeV, _[L dr=19.7 b
T I

‘ ———
57 (a) + Data 3

N Background
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5L 400 /300 GeV E
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e 300 / 290 GeV

80 100 120 140
s (GeV)

60

Events per 10 GeV

“MS, Vs = 8 TeV, _[Ldz 19. 7ﬂo1
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Bottom-to-up approach:
{Measurements}
-

{Susy complete model}

- Pick-up a simplified version, a less constrained Susy model:
» parametrized Minimal Supersymmetric SM: pMSSM: 19 parameters

- Here, we parametrize our ignorance on how Susy is broken, i.e. no
assumption - Large(r) number of parameters than constrained
models

- Consider pre-CMS, indirect measurements & SM measurements
- Consider results from 7 & 8 TeV searches of CMS

- “Confront” both via a Bayesian analysis — Posterior probability density
of model parameters
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~Loope = mi [[H P +m3 [{Ha | < By (H{H3 + hec.) | Mg (@ I d

+H U‘u}‘%uﬁ + 1[2

) = o »tan g = 2
(Hy) = v} Y1
\ /
= 2pE
A sin 23

SM subspace defined by
m, & ocS(MZ)
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iEdR + ﬂ--ff(eLeL + Ui vr) 1[29 RCR

M,
VT Jb 3| oo FAHQ ]
] T \/QJ[H NG L d 1Q i

DG e

Chose realistic subspace for 19
parameters:

—3TeV < M;, M, < 3TeV
0 < M; <3TeV
—3TeV < u <3TeV
0<my <3TeV
2<tanf <60
0 < Qup, U1, D1p,L12,E12,Qs,Us, D3, Ly, E5 < 3TeV
—7TeV < Ay, Ap, Ay < 7TeV,
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& CMS measurements

[ Observable Constraint Likelihood function
i”j [ﬂ'} D?r.m-]}f_‘fi L ( D;‘um—[)CS| }{r' (9}‘}
la | BR(b — s7) [43,44] [ (3.55 £ 0.23% £ 0.24™ £ 0.00%%) x 10~ * Gaussian
b | BR(b—sy)[45] | (3.43+0.21%¢ +0.24™ +0.07%%) % 10~ Gaussian
2a | BR(B; — up) [46] observed CLs curve from [46] d(1 —CLs)/d(BR(Bs; — up))
2b | BR(B, — up) [47] (29 +0.7 +£0.29") % 10-° Gaussian
3a | R(By — Tv)[36, 48] 1.63 = 0.54 Gaussian
3b | R(B, — Tv)[45] 1.04 +0.34 Gaussian
Aay [49] (26.1 £6.3°P £49°M £ 10.0°%7) « 10717 Gaussian
5a my [50] 1733 £ 0.5 £ 1.37° GeV Gaussian
5b my [51] 173.20 + 0.87°1t + 1.39* GeV Gaussian
6 my(my) [48] 41905 GeV Two-sided Gaussian
7 a; (M) [48] 0.1184 =+ 0.0007 Gaussian
8a y pre-LHC: m}" = 112 1if my, = my™
0if my < my"™
8b iy, LHC: mi®® =120, m," =130 Tif mf?™ < my < m)”
0if my < mi™ or my > m,"
9 sparticle LEP [52] 1if allowed
masses (via micrOMEGASs [37-39]) 0 if excluded
o . . Analysis Vs L
Sensitive to sparticles in Hadronic HT + MHT search 7TeV [ 498 b
long decay chains Hadronic HT + MET + bjets search | 7 TeV | 498 fb~!
/ Leptonic search for EW prod. of °, ¥*,1 | 7 TeV | 4.98 fb!
Sensitive to Spartjc]es in Hadronic HT + MHT search 8TeV | 19.5fb!
long decay chains Hadronic HT + MET + b-jets search 8§TeV | 194 fb?
involving 3™ generation Leptonic search for EW prod. of °, x*,1 | 8 TeV | 19.5 fb™!

(ss, 31, and 4l channels)
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stical analysis

To gauge impact of CMS data, we compare:

Non-CMS prior p"°™P®® Posterior distribution including
CMS data

p(8) = p(prompt 7=|6)p(theory|0)po(8) [ p(9|DMS) = L(DMS|g) ponDS g

o: Point in MSSM space
p,: Initial prior = Flat

Build from the overall CMS likelihood:

From each Djnon—DCS datum build L(DCMS|9) — 1_[ F](NE |SE (9))
likelihood of all non-CMS I
measurements: N: Observed gvents
L(DnonDeS |9y — T L( D}*O“‘Dcsnsj (6)) s;: Expected signal
n(p): Model prediction p(Nils;(8)) = / Poisson(N;|s;(8) + by | p(by|By, 0B; )by
\/
Background

probability density

pnon-DCS (9) — I (DHDH-DCS I 9) p (9)

Backgrc!und+ Signal hypothesis,
given N, observed events
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e) Results (among many)

10° pMSSM, CMS preliminary ﬂ,_nxlﬂ'z pMSSM, CMS preliminary x10r% pMSSM, CMS preliminary
Ly ™™ {a) prior from non-DCS data ™™g} pricr from non-DCS data 0.7 p™™ 58] prior from non-DCS data
— pie|D™%) HT + MHT, 7 TeV, 4.98 i 07l = D™ HT « MHT, 7 Tev, 4.98 6" — pig{0™5) HT + MHT. 7 TaV, 4.98 b
——— piB|0¥%) HT + MHT, B TV, 10.5 i —— p{E|0™) HT + MHT, B TeV, 195 1™ 0B = pED™HT + MHT, 8 TeV, 10.5 /"
0.8 = pE|0™ HT + MHT, 7 and 8 TeV —— piB|0™5) HT + MHT, 7 and 8 TeV — (B 075 HT + MHT. 7 and B TeV
= —p=05 —p=10 —p-15 > 08 05 —p0  —pe1s = | ep=DE —pelD —pelE
& o] L S ¢ 05 =
= = o5 1 =
w06 & — — w 0.4 -
b o] N " —] T ’ —
o - 04 el o | _
g Fry | = =
O 04 i 0.3 o = 0.3 =
B B [ 2 =
B g e I 5 oz
- B oz T a8 o —
0.2 - —
o1~ T-- 0.
a naflnnnnflonnnllnnnnllonaal 0 B M 0 onnnllonnnllannnflonnnllonool
0 500 100D 1500 2000 2500 3000 0 500 1 1500 2000 2500 3000 % 500 1000 1500 2000 2500 3000
g mass [GeV] 0,. €, mass [GeV] dg. §; mass [GeV]
=107 pPMSSM, CMS preliminary =107 pPMSSM, CMS preliminary
18 ™ %5g) peior from non-DCS data 3l p P55 g) prir from non-DCS data
— pig[D™5 HT « MHT. 7 TeV, 408 & —— |0 HT + MHT, 7 TeV, 4.08 "
1B~ —— pieiD™S) HT - MHT. 8 TeV, 195 & — plaD™) HT + MHT, 8 Tel, 19.5 "
—— pig[D™™) HT + MHT, 7 and & TaV/ 2 | == pie|D™) HT + MHT, 7 and & TV
2 V- s —psp —pe1s = cp=05  =—p=l0 —-p=lS
o Ir—jl G
= T - — =
= ey =
E 1t —— E
@ | — _ @
= i — g=l
£ o I == = £
= — F—1 =}
= ’ —] =
(=1 (=9
0.4
02 e
B - O P 0l ol PO N I P P i L
0 500 1000 1500 2000 2500 0 P00 400 GO0 BOD 1000 1200 1400
mass of lightest colored sparticle [GeV] xl mass [GeV]

CMS data not only restricts (probabilisitcally) the mass range of physical

sparticles (direct searches)

Capable of (starting to) constraining the pMSSM parameters space
Indicating preferred mass regions for sparticles not covered
by direct searches
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8 TeV campaign: Opportunity for CMS experiment to cover from gluino
down to 3™ generation squark searches, through EWikino...

- Gluino searches: Now in the TeV/c? field...

- 3" generation searches:

> Pertinent:
- Dynamic/Robust reason to be ~low mass if SUSY realized
- Have a good profile in view of cosmological argument

> Challenging:
- Low o...
- In cosmological scenario: Sitting on top/left-side of SM

~

-t /b_: To be actively pursued during coming years...
- t,: Covered across 4 decay-modes !
- Domain of sensitivity: m(&s,)?)l) < ~(700,300) GeV/c?
- Susy EW: m(%il,%(’l) < ~(200-700,50-350) GeV/c?* depending hypothesis

- Trying to be as generic, i.e. as case-covering, as possible: Cover the
same object through different Decay-modes, Masses of produced /
intermediate / final (y° 1) sParticles
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'ATLAS Simulation Preliminary '~~~ '~ ' 3>
=300 fb™ (<>=60) 5¢ discovery —
\s=14 TeV 1300 b (<11>=60) 95% CL exclusion _J
=3000 fb™' (<u>=140) 56 discovery 4 &
O-lepton channel *13000 fb™" (<u>=140) 95% CL exclusion 3
[ATLAS 8 TeV: 95% CL obs. limit
0 E I 1 k 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 :I I 1 1 1 I: 1 E
200 400 600 800 1000 1200 1400

\s=14 TeV

'ATLAS ' Simulation Preliminary '~~~ '~ '~

=300 fb! (<p>=60) 56 discovery
== 300 fb™' (<u>=60) 95% CL exclusion

1-lepton channel

==3000 fb™! (<u>=140) 5c discovery

1 1 1 I 1 1
600 800

* 3000 fb™' (<>=140) 95% CL exclusion
.ATLAS 8 TeV: 95% CL obs. limit

:I I 1 1 1 :..I 1 1
1200 1400
stop [GeV]

1 I 1
1000

1-lepton searches (generally) %J
more sensitive at low Am: =3
Lower lepton/jet thresholds

ATLAS 3
\s=14 TeV

mulation Preliminary

—300 b (<u>_60) 5¢ discovery

*300 fb™ <pu>=60) 95% CL exclusion
-3000 fb (<|.L>—1 40) 56 dlscover}(

= 3000 fb™' (<u>=140) 95% CL exclusion
.ATLAS 8 TeV (1-lepton): 95% CL obs. limit
COATLAS 8 TeV (0-lepton): 95% CL obs. limit

TiEEEEEREED
. ey,

At high Am: Quite similar

-0 and 1-lepton combined

'R J
-t
*

performance across final states

If nature realizes SUSY &
m(t )~O(TeV) & t1—>tx°1
favoured: Watch within
(m(tl),m(g?l))E(l.2TeV,4OOGeV) 0
area...
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Backup slides

Pedrame Bargassa, Protvino 2014 39



SUperSYmmetry :

“Generalize” the spin of known fields

spin particle ¥2 < spin partner 0

spin particle 1 < spin partner 2

Names spin 1/2 spin 1
gluino, gluon g g
winos, W bosons wE wo | wE wo
bino, B boson B BY

Names spin 0 spin 1/2

squarks, quarks | @ (2, dN.L) (ur dr)
(x3 families) w up u};{.
d d, dl,

sleptons, leptons | L (v er) (v er)

(x3 families) @ ch e}}{

Higgs. higgsinos | H, | (H,” H?) | (H} HY)

Hy | (Hy Hy) | (Hy Hp)

Pedrame Bargassa, Protvino 2014

SUSY : A broken symmetry ! -
Physical sParticles:
Mixture of super-partners

Observed SUSY particles with same mass
than Standard-Model partners ? No !

Charginos (x*) / Neutralinos (%) :
Bino/Wino < Higgs (charged/neutral)

Squarks, Sleptons : Mixture of f & £

40



/ re of hierarchy problem
- Higgs Boson m, ~ O(100 GeV/c?)
- Considering Gauge boson scatterings at High-Energy

- Requiring Unitarity of scattering amplitudes
- Consider Higgs mass correction from fermionic loop:

f 7L2
2 _
O e g

A+ Energy-scale at which new physics alters the Standard-Model

(momentum cut-off regulating the loop-integral)
IfA, ~M, -> Am? ~ 0(10%) larger than m_ !!!

And all Standard-Model masses indirectly sensitive to A, !!!

AmZH quadratic divergence cancelled :
Hierarchy problem naturally solved !

Pedrame Bargassa, Protvino 2014
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1ggs

f S
Stop/Higgs yukawa) N e M(h) = f[ MGT )]
coupling o S

_—— e - -

Higgs & stop searches in inter-relation with each other

Stop masses

Higgs masses

Demina et al., PRD 62, 35011
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ark Matter

CLightest Neutralino 520 , stable: Natural candidate for Cold Dark Matter
0.1 <Q CDMh2 < 1 : “Reproduced” in most of SUSY parameter space...
...if ¥° x°, annihilation : Only process changing N(Superparticles)

IF : dm = M(ﬁ) - M()ZO 1) small, co-annihilations dominates —» Q CDMh2 =~ 0.1

m,=—u=2M, m,=5M, tanf=10

- %', t - tg, tH°, bH* 100:_.=-. | 4
> f s ~ tt, gg, HOiHOJ., H H*, bb 50 C .
> i
- - 3 60 g
Am = M(t,) - M()",) = 50 GeV/c? : .
by 40 — -
Compatible with - 3
Q_ h*>=0.11 + 0.01 @ 95% CL 2017 1
(WMAP) o b T
100 1000
m, [GeV]

Boehm et al., PRD 62, 35012

Exciting times for HEP in view of Cosmology Data:
Is stop/sbottom/stau degenerate with LSP ?
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Constraints the MSSM parameter space
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Excerpts from the
“Handbook of LHC Higgs Cross Sections: 3.
Higgs Properties” (arXiv:1307.1347)

The Higgs measurement still leaves quite open

spaces, depending on MSSM scena}gios...

50
T-phobic
s« M =1255+3
40 e M =1255%2

*  LHCexcl.
* LEPexcl

30

tanp

20

10

600
M, [GeV]

200 400
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800

LHC Higgs XS WG 2013

light stau

. oM 7125.5z3
o MLi1255+2

>y

HC excl.
EP excl.

800

LHC Higgs XS WG 2013

60

50

40

L1
LHC Higgs XS WG 2013

LHC Higgs XS WG 2013



- Tracker: r ' ' J i 5 .

optically clear material (

» 13/14 silicon layers in Barrel (B) / Kimﬂ
End-Cap (EC) el
- EM calorimeter: 7 L %;;;\ _
- PbWO, crystals, extremely dense & “\\\\ L\ g
NS
!

- HAD calorimeter:
- Layers of dense material (brass or

$llicon oy ]

steel) interleaved with tiles of e -
plastic scintillators - / :
|“ Calori n: fer / ‘
rﬂt ron -Vr Superconduc ting }‘
Calorimater Salenaid i

Iran return yoke interspersed i
with Muon chambers i

Trangverse slice
though CMS

- Magnet: 3.8T / Return yoke after...

- Muon system:
> Drift-Tube (B): Measure

- Cathod-Strip-Chamber (EC):
Measure & Trigger

- Resistive-Plate-Chamber: Trigger
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Searches motivated by models of new physics,
including SUSY, that involve strong production
processes & cascade decays producing many jets
and missing momentum from unobserved, weakly
interacting particles
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Model A1

£

Testing a T _production via gluino
pair production

Model A2

Pedrame Bargassa, Protvino 2014

& Interpretations

CMS Preliminary, 19.5 fb', Vs = 8 TeV

— —as
% PP —>39.9 — tTx%° NLO+NLL exclusion
S 1000 —_ I 1
- = served + 1 Siheory .0
& === Expected *+ 10, hariment
& 800 —
B B i
600 -
= 4 —30
400 — o [ P
200 —: o0
lo] A I ) | [ || [ 1 i —|: ey 5
600 700 800 900 1000 1100 1200
rT"gluino (GeV)
CMS Preliminary, 19.5 fb', Vs = 8 TeV
— — 40
:ZT, 1200 pp — 99,9 — tf’;;'(? NLO+NLL exclusion
S =Observed* 106,
g ==z Expected+ 16, ,criment —35
Em1 000 mio =50 GeV
i 1 30
800 —
L ; 1 —25
600 — i —
400 : - 2
[ N e r’lfi?/ . | M P
900 950 1000 1050 1100 1150

rT"gluino (GeV)

95% C.L. upper limit on cross section (fb)

95% C.L. upper limit on cross section (fb)
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Testmg direct b pair production with b x decays: To be as generic as

s & Interpretations

possible, have to consider different x—l & x° : hypothe51s:

W

200

180

160

140

120

100

80

60

40

20

Model Bl
¢ : X
b,
7
7
-,
,
~ Y .
S S XIL
L ~ e
bi x?
Py
vv+
i
CMS Preliminary, 19.5fb', Vs = 8 TeV
—~ 350 PO —
%_, pp—>b1b*1, b1—> tW%? NLO-+NLL exclusion
S 300| =OCbserved+ 105,
& =z Expected+ 16 ,pcriment m_o/m . =0.5| —
— 1 1
E o250 = _|
200 — —]
150 s —
100 B D =
50— P —
L T R T I I B

Ll . i VI R I
300 350 400 450 500 550 600 650

m (GeV)

sbottom
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95% C.L. upper limit on cross section (fh)

CMS Preliminary, 19.5 fb', Vs = 8 TeV

600 PR — 120
pp—>b1b*1, b1—> tWi? NLO-+NLL exclusion
550 —= observed + 1 Ciheory
_ — 100
500| === Expected* 10 ,,criment
Mo = 50 GeV
450 : —80
400 —
B — 60
350 —
300 —| —ao
250 —
200 S
S T T T T o
350 400 450 500 550 600 650
msbottom (GeV)
CMS Preliminary, 19.5 fb!, Vs = 8 TeV
400 SO — 200
pp—>b1b*1, b1—> tWi? NLO+NLL exclusion 180
350 =—Observed + 1 Ciheory
sz Expected + 10 ,periment mi.‘u/mf =0.8 —160
300
| —140
250 — - —{1=20
_ — 80
150 — ==l ERE —
R I 4 —60
100 | H - _lio
50— 5 Do — =0
Foloo o I B B B B o
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Testing a b _production via gluino
pair production with b _— t y* decays
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s & Interpretations
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“General” searches,
Gluino oriented searches:

g

Squarks

Pedrame Bargassa, Protvino 2014

\

- Frequently high jet, missing energy
- Capture physics picture of long decay
chains

- Decay chains can involve higher mass
players

- Since many “SUSY actors” involved: They
are frequently quite specific in mass-
hierarchy, thus quite model-dependent

_)txil_)twi Xol v _)bXOZ_)bZO xol
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>

>

>

- Top reconstruction:
> topl: Full top reconstruction w

2cay mode

CMS PAS-SUS-13-015

Preselection:

Lepton veto
p.G,,) > 70p.(,,) > 50p.(,) > 30 GeV/c

N(b jet)=1
A<|>(pT(jl,2,3),meiSS) > 0.5,0.5,0.3 rad.

Trigger: p_(j, ,) > 50 GeV/c & p_™* > 80 GeV

3 jets out of =5: 3-jet

- topZ2: Partial top reconstruction: Remnant jets out of =5: Rsys
- Gain signal acceptance while kinematically constraining top

- 'Topological requirement: Form 2 invariant transverse masses
assuming invisible particles as massless:

N MTB-jet — m(S'Jet) @ meiss
. MTRsys — m(RSYS) ) meiss

Pedrame Bargassa, Protvino 2014

- Selection: Cut & Count
- Topological cut on (M_***,M ")

> Signal Regions (SRs): |
Defined with N(b jet) & p,. ™
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al selection. Interpretation

- Interesting SeB separation by topological CMS Preliminary, L = 19.4 fo, Vs = 8 TeV
view across 2 kinematic variables g T T
. o 80 W — T, +X
- No excess observed in Data, further 2 W eiex
5

............ Signal (500, 100)
....... Signal (650, 50)

confirmed in SRs (backup)

Vi
g 3

IH‘\HI‘HII‘HHlIH |HH‘\II\‘\IH‘\HI4

CMS Preliminary, 19.4 fb™, {s = 8 TeV

B
o

< . o)
% 450 pp = ttt— tf NLO+NLL exclusion =410 & %
— 3 [ 20
Q, 400 =Observedi1cmew ] -_S .
EEE.“E 350 = ExpectEdi 1Gexperiment : é [‘-1)0:6‘&%8\\‘;300”400 500___600__700__800__900 100‘0‘
- 7 ] — 1 @ 0.5*M>° + MTESysl[GeV]
300F 131 0
= 1 - O
2501 4 1 & - ~,
- 1 Zw0'E - Loty w on-shell top:
2001 4 7 ; Comparable sensitivity from
150 w4 ] g other signatures
: Y 7 =S ~ ~
L ! 1 — -2, . sk 0 . .
100 . ) 10% t - t*y" w off-shell top:
- b 14 9 m(t,) < m(t)+m(LSP):
50 : v 4 =
B M 1 7] L] e g e e
SO AN W 3 NN PR No sensitivity because top
20p 300 400 500 600 700 kinematics reconstruction
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Search performed in 7 inclusive bins of p_(j1): >
250/300/350/400/450/500/550 GeV/c

Wjets determined from W-pv:

Events surviving lepton-veto

Pedrame Bargassa, Protvino 2014

Selection Wjets Z+4jets Z — viv+jets tt QCD  Single top Diboson | Total MC
Cross section (pb) 228.9 40.5 588.3 234.0 1.1e6 114.8 105.7
Trigger 2514352 190332 4337526 65666 461413 77284 5429269 | 13075841
ETF"S = 200 GeV 317656 30242 134578 9572 63174 9289 87605 652117
Noise Cleaning 292550 27880 123420 8706 59412 8525 81668 602162
pr(j1) =110 GeV/c 279323 26652 117513 8045 53353 7752 80844 573484
Nijets = 2 254058 24413 109313 7287 29364 5596 44247 474278
A¢p(j1,j2) < 2.5 237533 22947 104158 6984 25312 4815 8433 410181
Muon veto 106236 1511 104152 4051 9826 1892 7444 235112
Electron veto 79407 1004 104065 3459 6557 1325 7401 203218
Tau veto | 71808 | 807 | 103106 | 3248 5599 1147 7047 192762
pr(j1) =250 GeV/e,
E%‘if's 250 GeV 13641 127 22615 639 602 172 819 38615
pr(j1) >300 GeV/c 6873 75 11093 369 344 97 546 19397
pr(j1) =350 GeV/c 3182 40 5231 206 178 49 332 9218
pr(j1) =400 GeV/c 1501 25 2617 113 91 21 181 4549
pr(ji1) >450 GeV/e 751 17 1335 64 48 11 92 2318
pr(j1) >500 GeV/ce 376 11 727 36 27 5.2 61 1244
pr(j1) >550 GeV/c 204 7.4 406 21 18 3.2 34 693
) . Neobs _ Nbgd
Z-vv determined from Z- pp: N(Z — vv) = . . R
<

R = BF(Z — w)/BF(Z — )

Nlmst;f — Ntot;u X (1 - AF*E:F‘)
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- Preselection:
- Lepton veto: tthar & Wjets minimization
- p,G,,) > 70p,G,,) > 50 p,G,) > 30 GeV/c
- N(b jet)=1
- Ad(p,(G, , ) P™) > 0.5,0.5,0.3 rad.: QCD suppression

- Trigger: p.(j, ) > 50 GeV/c + p_™* > 80 GeV

- Top reconstruction:
- topl: Full top reconstruction w 3 jets out of =5: 3-jet
- m(j,)/m(@jj,), m(12)/m(jj,), mG,j,)/m(@j,j,): Consistent with m(W)/m(top)

- m(jjj,) € [80,270] GeV/c?

- Combinations: m(3-jet) closest to m(top) is selected

- topZ2: Partial top reconstruction: Invariant mass of remnant jets out of =5: Rsys
- No full kinematic reconstruction as above
- Differential reconstruction for N(jet) =23 & =2

e.g. N(jet) =3: N(b jet)=1 & m(j_j ) € [80,270] GeV/c?

m,n=btag

- Topological requirement: Form 2 invariant transverse masses assuming invisible
particles as massless:

N MTB-jet — m(3—Jet) @ meiss
> MTRsys = m(Rsys) & meiSS

Pedrame Bargassa, Protvino 2014
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Vs = 8 TeV
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n background

- Hadronic decay of t leptons produced in W boson decays:
- Estimated from a data sample of n+jets events with M_ < 100 GeV/c?

- ptjets &t +jets arise from same process: Hadronic component of the two samples is
the same except for the response of the detector to the muon or ¢ _jet:

u in data replaced by a r, with randomly sampled p,, then differences of response
corrected
- Lost leptons from a W boson decaying to e or p:
- Estimated from a p+jets sample selected with same criteria as for search
- Corrected for IDentification & ISOlation efficiencies derived from Data
- Z boson decaying into neutrinos:

- Z(vv)+jets simulation corrected with Scale-Factor, itself validated with Z(uu)+jets
events

- Multijet production:

- Due to the meiss & Ay requirements, the QCD multijet background contribution in the
search region is nearly negligible
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A background & signals

=L

\
|

ol |/ l/l(l

Process ¢, 1 Vetos jefcounting | Ag(jm, p’ft) Nojes 21 top reco. + kinematic cuts

t 028170 6206321303 3e4869£277 | 319D 297169
Wl 1097574 £ 624 31431122 24594198 1767+ 4 286432
L1 1053228 £ 425 991827 0760 £ 23 1276110 282412
QCD | 1955005397 £ 674400 85334931 £ 123627 | 48350298 + 93847 | 9916527 £ 41181 11641725
singletop | 1018082468 51918623 | 24344 | 242701433 U446
ttZ 203316 112145 070 +4 8713 93104

ttW 20887 10925 o4 Wtd 33203

Il 28082099 20319 123947 Mtd 09402

WZ 190185 £179 4086+ 16 B12+1 k4 07402

WW 728425 4 287 3125 07619 76819 09403
TotalmoQCD) | 792589924817 | TAOI77£730 | 4336254554 | 3476764506 59191
Signal (350, 0) 88024 53 3113431 2505 £ 28 2200426 1829176
Signal (500, 100) 9716 11944 30043 J413 59117
Signal (650, 5) 15241 /H1l 01 Bl 207404

Pedrame Bargassa,

Protvino 2014
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I~ 1/
M background & signals (]

LI P
PS> 200GeV, | piise > 350GeV, | pis > 200GeV, | pis > 350 GeV,
Nb-jets > 1 Nb-jets > 1 Nb-jets > 2 Nb-jets > 2
tt 1538 +5.7 18.9£2.0 63.4+37 6.3+ 1.2
W — fv 229429 5.8 £ 1.4 39+ 1.2 11406
Z = b 250412 8.440.6 46+0.5 13402
QCD 11406 0.0%57 0.07)7 0.0707
single top 17.5 439 52+21 70425 18412
ttZ 7.8+0.4 23402 42403 14402
ttw 24402 03+0.1 11402 0.140.1
77 0.8+0.2 0.3+0.1 0240.1 0.07)7
Wz 05+02 0.1+0.1 0.1+0.1 0.0735
WW 08403 0.1£0.1 03+0.2 0.0707
Total o QCD) | 2315476 412433 84.7 +4.6 120+18
Data 254 45 83 15
Signal (350,0) | 1628 +7.2 113+19 84.4+52 75+15
Signal (500,100) | 832417 33.7 4 1.1 481413 19.8+0.8
Signal (650,50) | 224404 15840.3 13.1403 9.340.2
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ermination

Idea: Use the M _ peak region, where we know

o 2
=1.5" s o o o o, o
well the SM background, to predict 1 e
background in the tails A —
8 - Preselection —®— Data -
o410 [ 1/ to
@ 107 B oy 3
wn L [ ] W+jets 7
210°F B rare -
u‘i ; -------- t %ti1 (650/50) x1000 ;
10%E
10°E
10?
10
0 50 100 150 200 250 300
My [GeV]

N (B) = N, (SR) . [N _(peak)/N, (peak)]. [N _(SR)/N  (peak)]

predicted
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. . .~ ~0
Acceptances depend on top polarizationint =t} .
Acceptances depend on ¥* , bolarization & (iinO )
coupling in t, » b ", decays
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I Z(vv)+dets

s =1  W(lv)+Jets

[ Top

jots

" CMS Preliminary, 19.4 fo™!, 8 TeV/

ISR s s e s s e e e
+« Data

0 Z(vv)+Jets
B W(v)+Jets
[0 Top

A

Il QCD

{img, =750,m, =5l
LU =300,m|_SP =1

107"
ST f, ] 3 Z2r8l iy E
o5l | ““ I“r H |‘ | | E 0.5F | T‘ | | | | | r
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
ETS [GeV] ETSS [GeV]
Mcer <250 GeV | 250< Mcr <350GeV | 350< Mcr <450GeV | Mcr > 450 GeV
Nb—iets=1 Nb—jets=1 Nb—]‘ets=1 Nb—jets=1
Z(vi)+jets 848+124+79 33948.1452 4843.0+6.0 0 et % B
Top+W (£v)+jets 645424457 381117138 361+4.9-157 7.8 £2.61+2.0
QCD 25.34+945.2 16+7.442.8 1074 10h=
Rare processes 18 £ 9.2 184+8.9 1.1+0.5 0.340.1
Total Background 1536102 754168 8610 17 4.1
Data 1556 807 101 23
Mer <250 GeV | 250< Mcer <350GeV | 350< Mcer <450GeV | Mcer > 450 GeV
Nb—iets=2 Nb—jets=2 Nb—jet3=2 Nb—jet3=2
Z(vv)+jets 60+3.44+7.1 28+2.443.8 3.940.941.0 0.74+0.630.6
Top+W (fv)+jets 20-+2 9155 17425435 2.440.940.6 0.240.2
QCD 1.94+0.7+0.4 1.24+0.840.2 014401 0.14+0.1
Rare processes 18109 3.44+1.7 .1-10.1 0.14+0.1
Total Background 93+10 50+6.4 6.5-1-1.7 1.0 £0.9
Data 101 55 8 1
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and... Higgs

Idea: If only stop is low mass among sParticles: Enough to cure the
hierarchy problem. One preferred phenomenological windows for this is:

(Decoupled regimea Light h “SM like”: h - vy, {H,H*,A} much heavier
Coupling : g, --= ... + [ -m* + m-sin2g (A + p/tanB)/2]/ M 2

A, = 1.5 Tev, o =— 1C >
A, = 0.6 TeV, jr — 100 GeV - ---
A, = 0.2 TeV, pp = 4AC 4

o(pp — t1t1 R) [pb] =

i phe | A~ o(tth) = 2 o(t, t,h) = o(tth)

AT intermediate: Destructive interference

| 1 - A, (very) large: o(t,T,h) > of(tth) for
\ \ ; m(t,) < 220 GeV/c?

100 150 200 250 300

Djouadi et al., PRL 80, 1830

(. For parts of SUSY “mass space” : o(t.t h) = o(tth)
- An experimental measure of I'(ff' MET jj vy) - FSM(tth) —

- Any significant deviation from 0 - BSM, pointing to t,

- Test of scalar potential (soft breaking of SUSY)
- Largest electroweak MSSM coupling J
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‘Diminish SM background:
- At least H - vyy: Take advantage of known m(H)

- Allows to use m(yy) sidebands for estimation of the background from
data, w/o sensitivity to exact composition of the background, which is

dominated by QCD production of yybb events and yb+jet events with
jet misidentified as a vy

- E(y,v) > 45,25 GeV
- m(yy) €

- [120,131] GeV : Signal region

- [103,118] & [133,163] GeV: Lower & Upper side-band regions
- N(jet)=2 from either other H, or t_ decays
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Kinematic distributions before event categorization:

CMS, ¥s = 8TeV, [L dr=19.7 b CMS, is=8TeV, [Z dr=19.7 b’ CMS, ¥s = 8TeV, [L dr=19.7 b
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m(yy) in the 3 Signal Regions:

CMS, 15 =8 TeV, [Ldr=19.7 b’ CMS, (s =8 TeV, [Ldr=10.7 ' OMS, (5 =8 TeV, [Ldr =197 b
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