BSM physics: |
Strong SuSy production =

LIP - Lisbon

searches at ATLAS & CMS = -~
. __:3"“ A | A% [ H_, |
Pedrame Bargassa N
\"L-ﬂr i %}

Loy, Al Moriond EW
Y 21 March 2014



ATLAS SUSY Searches*
Status: SUSY 2013

Model e, i, T,y Jets ET [rat]

- 95% CL Lower Limits

Mass limit

ATLAS Preliminary

JLdt=(4.6-229) !

Vs=7,8TeV
Reference

3" gen.

3/ gen. squarks

P

Vs=8TeV
full data

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Mass scale [TeV]

MSUGRA/CMSSM 0 2-6jets  Yes 20.3 a.& m(§)=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1enu 3-6 jets Yes 20.3 g any m(g) ATLAS-CONF-2013-062
n MSUGRA/CMSSM 0 7-10 jets  Yes 20.3 3 any m(§) 1308.1841
2 33, q—)le 0 2-6jets  Yes 20.3 q 740 GeV m(¥?)=0 GeV ATLAS-CONF-2013-047
S &g E—qgts 0 2-6jets Yes 203 g m(¥)=0 GeV ATLAS-CONF-2013-047
S BE, E—qa¥i —>qqWLs 1epu 3-6jets  Yes 20.3 g m(¥?)<200 GeV, m(F*)=0.5(m(¥3)+m(&)) ATLAS-CONF-2013-062
D gg, g-qq(Ce/tv/w)T] 2ep 0-3 jets - 203 | & m(F?)=0 GeV ATLAS-CONF-2013-089
o GMSB (Z NLSP) 2eu 2-4jets  Yes 4.7 tang<15 1208.4688
B GMSB (7 NLSP) 127 0-2jets  Yes 20.7 tang >18 ATLAS-CONF-2013-026
2  GGM (bino NLSP) 2y - Yes 4.8 m(¥9)>50 GeV 1209.0753
£ GGM (wino NLSP) 1eu+y - Yes 4.8 m(¥?)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥?)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(2) 0-3 jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10~* eV ATLAS-CONF-2012-147
he] g—)beol 0 3b Yes 20.1 g m(¥7)<600 GeV ATLAS-CONF-2013-061
“E’ EotEY 0 7-10jets  Yes 203 |g& m(¥?) <350 GeV 1308.1841
o g_>ttX1 0-1eu 3b Yes 20.1 3 m(¥?)<400 GeV ATLAS-CONF-2013-061
E— b, 0-1eu 3b Yes 20.1 g m(¥3)<300 GeV ATLAS-CONF-2013-061
biby, by —bt} 0 2b Yes  20.1 100-620 GeV m(3)<90 GeV 1308.2631
o b1 by, by —>t¥T 2 e, u (SS) 0-3 b Yes 20.7 275-430 GeV m(Xf):Z m(¥d) ATLAS-CONF-2013-007
S Hti(light), f—biT 12 e,pu 1-2 b Yes 4.7 1 mm) 55GeV 1208.4305, 1209.2102
S  Hi(light), i w2 2e,p 0-2jets  Yes 20.3 130-220 GeV m(Xl) m(%)-m(W)-50 GeV, m(f,)<<m(¥7) | ATLAS-CONF-2013-048
‘g T (medium), El—>t/\~(]i 2e,pu 2jets Yes 20.3 225-525 GeV mm) 0GeV ATLAS-CONF-2013-065
s % t1(medium), 1 — bY7 0 2b Yes 20.1 150-580 GeV m(¥7)<200 GeV, m(¥;)-m(¥3)=5 GeV 1308.2631
w5 hh(heavy), otk 1eu 1b Yes 20.7 200-610 GeV m(¥9)=0 GeV ATLAS-CONF-2013-037
© Hi(heavy), H—th 0 2b Yes 20.5 320-660 GeV m(¥2)=0 GeV ATLAS-CONF-2013-024
S tt, B —cki 0 mono-jet/c-tag Yes 20.3 90-200 GeV m(t)-m(¥3)<85 GeV ATLAS-CONF-2013-068
%t (natural GMSB) 2e,u(2) 1b Yes 20.7 500 GeV m(¥3)>150 GeV ATLAS-CONF-2013-025
bh, ot +Z 3e u(2) 1b Yes  20.7 271-520 GeV m(t)=m(¥3)+180 GeV ATLAS-CONF-2013-025
I RlLR, T 003 2e,u 0 Yes 20.3 85-315 GeV m(Xl) =0 GeV ATLAS-CONF-2013-049
= XIXl,)(i—»fv(é’v) 2e,pu 0 Yes  20.3 125-450 GeV m(#3)=0 GeV, m(7, 7)=0.5(m(¥3) +m(¥)) ATLAS-GONF-2013-049
= 9 xl)( SN —=Tv(T7) 27 - Yes 20.7 180-330 GeV m(e?)= OGeV m(%, 7)=0. (m(X1)+m(X1)) ATLAS-CONF-2013-028
w 3 X1)( Ht’va&t’(W) 98 E(9v) 3epn 0 Yes 20.7 600 GeV =m(¥3), m(¥9)=0 , $)=0.5(m(¥} )+m(¥Y)) ATLAS-CONF-2013-035
)(y\/ —Wx ZX& 3epn 0 Yes 20.7 315 GeV m(¥;)=m(E3), m(X )=0, sleptons decoupled | ATLAS-CONF-2013-035
Xika—>WX1hX] lep 2b Yes 20.3 285 GeV m(¥;)=m(¥3), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
8 ®  Direct ¥y )(I prod., long-lived ¥i  Disapp. trk 1 jet Yes 20.3 270 GeV m(¥;)-m(E3)=160 MeV, 7(¥i)=0.2 ns ATLAS-CONF-2013-069
g % Stable, stopped g R-hadron 0 1-5 jets Yes 22.9 832 GeV m(/\?‘f)=100 GeV, 10 us<7(g)<1000 s ATLAS-CONF-2013-057
SE  GMSB, stable 7, VI —#(8, ji)+r(e, u) 1-21 - - 15.9 10<tanB<50 ATLAS-CONF-2013-058
S S GMSB, x?—>y(; long- lived ¥ 2y - Yes 47 0.4<7(¥})<2 ns 1304.6310
=l §a, X2 — qqu (RPV) 1y, displ. vtx - - 20.3 (] 1.5 <cT<156 mm, BR(u)=1, m(¥7)=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥: + X, ¥r—e +pu 2e,pu - - 4.6 25,,=0.10, 1132=0.05 1212.1272
LFV pp—, + X, Vr—e(u) + 7 leu+t - - 4.6 A4,=0.10, 231(2)33=0.05 1212.1272
> B|I|near RPV CMSSM Tepu 7 jets Yes 4.7 m(g)=m(g), cTsp<1 mm ATLAS-CONF-2012-140
& ¥ A?I ¥-wil, X?Heevu, euve  denu - Yes 207 760 GeV m(E3)>300 GeV, 12150 ATLAS-CONF-2013-036
X1 X1, X1 > WXL, X —110e, eTv, e u+t - Yes 20.7 350 GeV mp%?)>so GeV, A:33>0 ATLAS-CONF-2013-036
£—qqq 0 6-7 jets - 20.3 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—tit, hi—bs 2e,u(SS) 03b Yes 20.7 880 GeV ATLAS-CONF-2013-007
. Scalar gluon pair, sgluon—qg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
_“1:-’ Scalar gluon pair, sgluon—tt 2 e, u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
5 WIMP interaction (D5, Dirac x) 0 mono-jet  Yes 10.5 m(x)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
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Summary of CMS SUSY Results* in SMS framework
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Disclaimer: 5+5 results among n for strong Susy production

- Gluino searches

- 3" generation squarks searches
- The case for

- Stop & Sbottom searches

- “Naturalness”

- Conclusions & prospects

Results:

- Cover the 8 TeV data taking period: ~20 fb™
- Are with R, conservation hypothesis

- 90% of cases: Based on simplified models

Pedrame Bargassa, Moriond EW 2014 4



IF SUSY exists
&
IF LHC can produce it:

Gluino pair production:
Most abundant source of
SUSY production @ LHC

Understood to be a well
explored avenue in SUSY
searches...

19

10

Cross section (pb)

10
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Courtesy of ATLAS Particle mass (GeV)

LHC's energy reach allows g - ttx’ :

- Rather low background: 4tops

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

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

Candle production- & decay-mode for
g searches @ LHC



i
o

Lepton & Photon 2013

production, g— ttx , m(“) >> m(”) Vs =8 TeV

ATLAS

| | | | e
950/9 CL Ilmlts cvtShUSY not |nc|uded —
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A production- & decay-mode 3 1200 —
well explored: £ T
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Prellmlnary = Observed ATLAS-CONF-2013-054 int ]
— — Expected 0-1 lepton, = 3 b-jets [L ==20.1fbT"
= Observed ATLAS-CONF-2013-061 int
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Observed ATLAS-CONF-2013-007 nt
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Both experiments have
sensitivity to:

m(g) ~ O(TeV/c?)

for m()zol) ~ 700 GeV/c?

>



Squarks

Pedrame Bargassa, Moriond EW 2014

“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...

X,

~. XO

X*, ’

X’

X, X,
Charginos Neutralinos




The case for
3™ generation squarks

Pedrame Bargassa, Moriond EW 2014 8



MSSM lagrangian with soft breaking terms :

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, :

) M5+M6+M%(%- %sinzﬂw)coﬂﬁ MQ(AH&I’;—)
MQ(AH# M5+Mé+%M%sin Bycos))

Mass

Strong mixing in the stops fl , sector

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

SM

Pedrame Bargassa, Moriond EW 2014

“Up” squarks
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Matter

CLightest Neutralino )"("1 stable: Natural candidate for Cold Dark Matter)

Observed QCDMh2 = 0.111%+0.006 @ 95% CL (WMAP) well explained

IF dm = m(P) - m(X",) small: Co-annihilations dominate

- X t - tg, tH°, bH*

. Tt > tt, gg, H'H®, H H*, bb
171 b Is stop/sbottom degenerate with LSP ?

my=—pu=2M, m,=5M,, tangf=10

100 F B - 1

80 [ ]

>’ B i

_ ~ S 60 - -

Am = M(t) - M(Xol) < 50 GeV/c* =g - I
...Soft decay products *0 e T -t d
20 b .- . ..0hE=0.0% 1

100 10QC0
m, [GeV]

Boehm et al., PRD 62, 35012
Pedrame Bargassa, Moriond EW 2014 oehm et a 10



Experimental look ©@

Pedrame Bargassa, Moriond EW 2014 11
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- Top reconstruction:
> topl: Full top reconstruction w

ay mode

CMS PAS-SUS-13-015

- Preselection:

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

N(b jet)=1
Ap(p. (, 23),pT““SS) > 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, Moriond EW 2014

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

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

12



blogic 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 & - ~,
- 12w E - Lot w on-shell top:
2001 4 7 ; Comparable sensitivity from
150 w4 ] g other signatures
: Y 7 =S ~ ~
L ! 1 — -2, . sk 0 . o
100 . ) 10% t - t* X", woff-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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CMS
EPJC 73 (2013) 2677

200 300 400 500 600

oot f = byt > bWy, (x=0.75)
N L AM =M,
& 500] .
F a00|_
1S
Phenomenology, i.e.
difference of
kinematics vs o
1) decay-modes I T
2) masses regions
— Selection by > bWy (x=025) oot {— by bWy (x=0.5)
E 5001
gﬂoo_
- i | | | |
\ 200 300 400 500 600 700 me [GGV] 00 300 400 500 600 700 m; [GEV] J

Pedrame Bargassa, Moriond EW 2014 14



Preselection:
pT(e,p)>30 GeV/c
N(et)=4 w p_(j)>30 GeV/c

N(b jet)=1
MET>100 GeV
MT>150 GeV: Reduces ttbar(11?)

>

Entries / 0.05  pata/MC

CMs s=8TeV, [Ldt=19.5"
u ~——8 o o o o —"—» .
| ,,/

+

T by, (250/50/05)

x30 3

........

0.1

0.2 0.3 0.4 0.5

BDT output

cMs s=8TeV, [Ldt=19.5 b cMS ls=8TeV,
2 o 2
S 15f 4 = 15-
T Pttt s+ o+ ¢+ o+ o+ 8 le—e—e——¢— —+—*
‘© 0.5+ 4 % o5
a o o o0
T ‘ : R B ,

g e b 18 | T
c 10~ =0 [ 117 top T N [ 1/top __
=z totf g = 10*f =i . E
@9 ol Region 1 I I N/ a E  Region 4 | — tt— 1l
2 10°E [ Wijets 5 2 F [ Wijets
= F [ rare c . [ rare
w 105 — T—”i? (250/50) x30 w10 E e t—)tz? (650/50) x100 3

10*E e

10%L :

0.4 06 03 04 05 06 07

BDT output BDT output
Clear Am effect through BDT output
cMS (s=8TeV, [Ldt=1951"
15[ ]
£\ ool " —— N
Q\o
._,o-,l NN ‘I“;Llll‘:)l’:llal T
e 1 by (x=0.5)] 2 1/t0p .
g1 Mooy |ES 0t 1 Selection:
&L g eomos0]  Boosted Decision Tree
2 - Topological & kinematic
hd: variables fed to BDT
10 > Signal Regions (SRs):
| Specific BDT training / Am

0.6 0.7
BDT output

0.3 04

0.5
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: Sensitivity up to m(§°1)~180 GeV/c?

/s =8TeV, [Ldt =19.5 fb”

Vs =8 TeV, [Ldt = 19.5 fb”

e (EEURETE
Expected (+1o)

ppo1TT—bY]
BDT analysis

T
S
_|
o
3
I
<
@
»

right-handed top

_III|IIII|IIII|IIII IIII|IIII|IIII|I

pp o1t i—-by]
BDT analysis

m.=0.75m_+ 0.25 m_
X t X,

m. [GeV]

Pedrame Bargassa, Moriond EW 2014

R R 102

bserved (+15"°°")

Expected (+1c)
10
1
10
102

600 700 800 10-3
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o upper limit |

o upper limit [pb]



Selection: Cut & Count. Same flnal state:

- Scrutinized by topological & kinematic variables

- SRs: 2: For high & low Am= m(t /b ) m(x ), both
interpreted for direct t (bx® ) & b DI‘OdU.CthI’l

‘m(bb):

t/b, > XX,

k
nleﬁ(;"‘} — Z(

i=1
Hra = Z(

\_

Admin = min(‘ﬁﬁl - ﬂ.ﬁp%lirrﬁ ;

)2 _|_ E‘Fﬂi&-b

‘E

O g 63 -

Invariant mass of the 2 b-tagged jets
m’_(v,v)=[E (v)+E (v)]*[p.(v)-p.(v)]*
Measure masses of pair-produced semi-

invisibly decaying heavy particles:

D mice
,Fl'lglhn

- Both reduce
multijet

~N

)

Pedrame Bargassa, Moriond EW 2014

Events / 40 GeV

Data/SM

Events / 25 GeV

Data/SM

ATIAS

JHEP 10 (2013) 189

70 :— ATLAS - Data \s = 8 TeV, —:
E SRA ; i SM total -
60— = top-quark production —]
- I W production -
50— I Z production —
— Others —
40— m(b,)=500 GeV , mEx)=1 Gev ]
E - - m({ )=500 GeV , m(x )=100 GeV E
30— m(x:)=105 GeV -
20 —
10— | TT L STPpm =
ot —e
SE I 3
3 o E
L S A K i WA %
- : T by L 3
o L 1 1 I |
(0] 100 200 300 400 500 600
m,,, [GeV]
120 T T T e e
I ATLAS ®  Datavs=8TeV.20.11b -
100 - SRA ey SM total ) ]
[ p-quark productio 1
o = I W producti n
80— I - productio —
N Other: ]
- m(b,)=500 GeV, mE)=1 GeV —
60— == ! . m ({,)-500 GeV . m(F)=100 GeV ~_|
— mEx)=105 Gev m
40— —
0 - pr == W W _.
E T T 3
> T
E T * ® 3
B b & koo Z
1 %/!///ﬁ;f,%z/) e 7 N 4 2% Z
O E 1 1 1 i =
0] 50 1 OO 1 50 200 250 300 350 400 450 500

M. [GeV]



o Signal Regions
. Description
High Am SRA SRB Low Am
Event cleaning Common to all SR
Lepton veto No e/p after overlap removal with pr > 7(6) GeV for e(u)
i > 150 GeV >umey | Taking advantage of
Leading jet pr(ji) > 130 GeV > 150 GeV i_?R 1\1 et: MET
1 ’
Second jet pr(js) > 50 GeV, > 30 GeV 94 b,
- . : ) Back to MET
Third jet pr(ja) veto if > 50 GeV > 30 GeV .
‘ Not a b jet
DG(pE™, 1) : i A
/|
b-taggin leading 2 jets 2nd- and 3rd-leading jets S —
Opt. for SEHS gr ] - 8] E 1 E égéAs #%:ﬁ z:;a‘;tzl=aTev,2o.1 oS E
different (pr > 50 GeV, |n| <2.5) | (pr>30GeV, || < 25) | & 100;} -"op.qua,kp e .
% 2 W productio .
Am \ M jots = 2 s "0, —pivg E
-------- (b)=300 GeV , maf):zoo Gev
N > 04 > 04 * s el S
5 e (k) B fingg(2) > 0.25 B35 mq(3) > 0.25 " E
205 e —
B it of mer > 150, 200, 250, 300, 350 GeV - e | -
enefit o T 3
1 Hrg o <50 GeV % 25. e /if/,
al“g‘er - T é‘% 1?%#}}37/)/»&}9?&%&/”/%?;/ / //%éf?;/// 2 {:%:E
(p-Space Mhbb } Te - ?5_0 20IO 25;0 S(I)O 35IO 4(I)0 éllééo

Pedrame Bargassa, Moriond EW 2014 18



Hypothesis: 3™ generation squarks decay exclusively via: T:'l—>b§il

Stop pair production,t, — b Tc:,lm(i:)-m(ir) = 20 GeVI

Stop pair production,?1 —>
T

b X,.|m&;)-mx,) = 5 GeV|

= 600 I I L B peevovevsrey Observed limit (1 c>YSY) = 600 =L r ! Observed limit (1 c=YSY)
3 . ATLAS | T — " Ttheory 3 s50 - ATLAS : T Ttheory

o co. i Expected limit (:1 o) Tos = Expected limit (+1 S,,)
E 500 —I Ldt = 20.1 fb', Vs=8 TeV = & 500 | Lat =20.1 6", Vs=8 TeVv —
: All limits at 95% CL : 450 f_ All limits at 95% CL _;
400 |- - 400 =
: . = S -
300 — . = BN E
- . - A =
- ] - g & =
200 |- — :/' --------- =
1 OO T ] 1 OO EI 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 I 1 -:=I I -'::;'I 1 1 1 E

200 300 400 500 600 700
m; [GeV]
Stop pair production,?1 — b 56:,' m(ﬂ) = 300 GeV I

7| T T | L I L I T T I T T - . Sus
350 - ATLAS —— Observed limit (1 othL;or\;)

o I Expected limit (X1 o)
300 ?I Ldt = 20.1 fb', Vs=8 TeV 5
% =0 4 Al limits at 95% CL .
- m(x 1)-m()( 1) small -» Larger m(t 1)- 250 |- -
~i . L n
m(x",): More @-space for b-jets 200 - =
~y =0 . 150 |— —
- [m(x 1),m()( 1)] exclusion for - ]
.0 o 100 [ —
specificm(t) F .
50 -
0 :I 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I I:
100 120 140 160 180 200 220 240 260 280
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Selection: Cut & Count

>

SRs: Sensitivity to different
decay-modes & kinematics:

- 3 / decay-mode, vs Am
- Handles: MET, MET/V H,
meff=pT(1)+pT(]'ets)+MET,mT2

- m(jjj) for t —»tx°,

T, production, t— t is

P
ATLAS-CONF-2013-037

400 T T T T T T T I T T
% o = Observed limit (=1 “tshL;%;) i
O}  asol ATLAS Preliminary — — Expeoted limit (+10,,,) B
g Expected limit (HCP12) N

= 1-lepton + jets + E';"“
300—

f Ldt=20.7fo", ys=8 TeV
250
200
150

100

50

All limits at 95% CL

200

300 400 500 600 700 800
m. [GeV]
1
T, production, T, — D-FZT. f—r W(’JPZ?, m_. =150 GeV
= 250F——T— — T T T T o
[ | — Observed limit (=1 oy 0.)
S, ) - ATLAS Preliminary — — Expected limit (£1 Guyp)
g7 - lonton + iots + £ Expected limit (HCP12)
200—"'""eP I T Al limi
imits at 95% CL
| fL di = 20.7 5", Ys=8 TeV ]
Mo =M. [ = 150 GeV)
150|— == —
S —
o N
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. m- [GeV
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Kinematic domain: m(?:'1)<m(b)+m(Wi)+m()?0 )
Complementary to 2-body (tx bx ) & 3-body (bW*x ) decays
Preselection: - N(et)=1 w p_(j) > 120 GeV/c

- MET > 150 GeV
Selection: Cut & Count

Moderate Am: Charm-tagging enhances signal purity
pT(jl) > 270 GeV/c

+ N(add. jet)=3 w pT(j)>30 GeV/c
MET > 410 GeV

Low Am: Small ¢-space:
- N(et)=3 wp_(j) > 30 GeV/c

- ISR jet: p(j1) > 280 GeV/c

- MET > 220 GeV

‘ I I —IO— Data 20‘12
ATLAS Preliminary #4#% Standard Model
a4 I Z(-v)+jets

Ldt=20.31b Ns=8TeV W (1) +jets
B 2 (o) ¢ fets
I () + single top
| d\busons
- m(,x (200.195) GeV
miti)= (200,125} GeV

[ Events / GeV ]

dN/dET'®®

Data/ SM
= 4
-

L
<

- P B
400 600 800 1000 1200 1400
E,TISS [GeV]
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? production, ? —>cCc+ '720
I T T T T | T T T T I T T T T I T T T T I T T T I

ATLAS Preliminary [Ldt-203fb", Vs=8 TeV -~
Charm-tagged + Monojet-like selection -

(=)
ES

Observed limit (1 o

Expected limit (1 o)
LEP (6 =0°)

[ cDF (2.6 b

All limits at 95% CL

\lIIII|IIII|IIII|IIII|IIII
Events / 50 GeV

Data / SM

IIII|IIII|IIII|IIII|I\III|IIII‘

ATLAS-CONF-2013-068

o %9
%ol
A 15 +
/ €
]

2 X1

&

ATLAS Preliminary —+— Data 2012
Lot =203 15=BTeV g Wiere ) e
[ ti (+X) + single top
Wl Z( - ) +jets
B Z( - 1) 4jets
I dibosons
multijets 3
- - m(iy’) = (200,195) GeV |
"‘ﬁ’iw) =(200,125) GeVg

0 .
200 300 400 500 600 700 800 900 1000
EITIISS [GeV]

21



des & signatures

tt, production New result: Talk by F. Meloni Status: SUSY 2013

[
;' II|||ll|||||||||||||||||‘_|_IIIIII|IIII|IIII|IIII|I|II|IIII|
. RN 1a i
© 600 ATLAS Preliminary Ly=20-21f0"vs=8TeV L, =4.71b" 1s=7 TeV
9' B = oL, i—)t%o OL ATLAS-CONF-2013-024 0L [1208.1447] T
o — | = Observed limits — 1L 11—>t;~(0 1L ATLAS-CONF-2013-037 1L[1208.2590] i
1= i = o, Loty 2L ATLAS-CONF-2013-085 2L [1209.4186]
E 500 | mmm Expected limits = o i—)Wb%? N 2L ATLAS-CONF-2013-048 _
u = 0L mono-jet/c-tag,t1—>c;”(? 0L mono-jet/c-tag, CONF-2013-068 i
L All limits at 95% CL — 0oL, mxt=miu+5GeV 0L 1308.2631 i
~1 ‘Lt
= ] 1-2L~,t1—>bx;,mi=106GeV - 2L [1208.4305], 1-2L [1209.2102] |
| CDF 26 .I:b-1 [120341 71] - 1|_’ Eebaa",mt; 150 GeV 1L CONF-2013-037, OL 1308.2631 - .
400 — — 2., t1—>b7(f, mxl=m;-10 GeV 2L ATLAS-CONF-2013-048 - —
B == 1-2L,T1—>b;~(f, rﬁxfzx m 1L CONF-2013-037, 2L CONF-2013-048  1-2L[1209.2102] -
i ~ () =0 1 1 ~ g 0~ .0 i
i t1—>bx1,x1—>W 1 t1—>cx1/t1—>be1/t1—>tx1 i
- ="\
- \Y - -
300 r _. y
N
B \
| |
N ‘.
B R 1
200 - '.
Y |
< Ge)
3
I
1
100 _l.
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Experimental look @ sbeauty
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Hypothesis: 3™ generation squarks decay exclusively ATLAS
via: b —»by° JHEP 10 (2013) 189
' ' Low Am: Sensitivity achieved thank to SR w
ISR requirement. Sensitivity down to
Sbottom pair production, 61 —-b i? Am~50 GGV/CZ for m(t1)<300 GeV/C2
= 0 T T T T opserved fmit (2102
& - ATLAS |77 ~theory
oy - . ---- Expected limit (£1 6,,,)
£ 500 —I Ldt =20.1 fb", \s=8 TeV
N CDF 2.65 fb
All limits at 95% CL I:l DO 5.2 b

4 .
00 —— ATLAS 2.05fb™", \s=7 TeV

300

High Am: Sensitivity achieved
thank to differential cut on m or

200

\IIII|IIII|IIII|IIII

100

II|IIIIIIIII|IIII|I§IEI|IIII

0
100 200 300 400 500 600 700 800
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Preselection:
- N(ets)=2 w p_(j) > 70 GeV/c

- N(b)=1.A@b, b )< 2.5 if N(b)=2
- H_/MET > 250/175 GeV
- M, (j2,MET) > 200 GeV

500

m, ¢p (GeV)

400

300

200

100

CMS Preliminary, 19.4 fb {s = 8 TeV

pp — bb,b—b i? NLO+NLL exclusion
= Observed+ 1¢
=<= Expected+ 1¢

theory

experiment

-
-f‘.
|IIII|IIII

P N e

200 300 400 500 600 700 800
msbottom (GEV)

102

10°

95% CL upper limit on cro

L
CMS PAS-SUS-13-018

Selection: Cut & Count
SR binned in [mCT , N(b)] to increase

sensitivity across (m(b ), m(x°))

/

SR: N(b)=1

AR ALY RS A
CMS Preliminary, 19.4 fb", §Tev * Data

' e - Z{w)+ets
Signal region with Nme's 1 I Wi lets -
0 * Top
- o ]
: mQcp
l Mg =150m =50 - =
Img =300m =150

4 gtk

-
10"=
O 2-, T T T
21'55 f 1 3
1E 1 E
05 Fi
0 100 200 300 400 500 600 700 800
My [GeV]
g
g
[a]

SR: N(b)=2

CMS Preliminary, 19.4 fb'1, §Tev * Data

Z(vv)+lets
0 W(v)+Jets
Top

Signal region with N =2

biets

R

w

0 100 200 300 400 500 600 700 800

M, [GeV]



ENatiralness: Stop and... Higgs

Idea: 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:.'
@
I
]
]
=
/,_\"‘\
~ s
\._____./

!

=
=

Explore SUSY scenarios, i.e. mass hierarchies, where fl &
higgs/higgsinos are light

- Decoupled regime: h “SM like”: h -» yy, {H,H*,A} much heavier

- Meanwhile: Start looking @ this physics within (more) constrained
models...
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“Natural SUSY”: CMS PAS-SUS-13-014
Masses of the stop & the higgsinos light ArXiv:1312.3310

X, X, ,” : Almost pure Higgsinos — Degenerate in mass
- Higgsino production mode:

. (3 )
- Direct: EW \ -
-~ . Py X1 R
- Strong t t production TR
- Decay modes: 7 BERREE
R bxli’ tXl,zo \ J
g+ O, S Stopgy
- Degenerate X °,X, ,™: Bottor
')*('113'(1 20 — W* 7% Xlo N fflxlo P
, —_— ] Higgsino
- Model-dependance: GMSB: el l
X,° » G H: Dominates for =
significant part of parameter P, ~N Q;co Hf
space, including low tanp, i x| e~
and negative values of S t b
Final state: HH, MET, +2b/2t for / 7 T/
strong production - )\ é H
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Selection:

C

3

regions:

Events per 10 GeV

Events per 10 GeV

\S) w
Q1 = 0 DN O W U‘I
T 1T T

—

)

Y

& C

%

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

v

Y

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
7(3) +Data E

Background
Signal (m /m_ )
—— 350/135 GeV
400/ 300 GeV
- 300/ 290 GeV

Background
Signal (m_ /mio)i
[R
— 350/ 135 GeV ]
-------- 400/ 300 GeV f
e 300 / 290 GeV

80 100 120 140
s (GeV)

60

Events per 10 GeV

“MS, Vs = 8 TeV, _[Ldz 197 1" 3
—— Data — E

6 .(‘ ——
b)
Background
5 Signal (m_ /mi)
[ 350/ 135 GeV
-------- 400/ 300 GeV

300/ 290 GeV

0 80 1001201
= (GeV

Similar search by ATLAS:
CERN-PH-EP-2014-035

300

200

CMS, {5 = 8 TeV jL dt=197 1"

_| T T T T | T T T T | T
| Natural GMSB Higgsino model

B Br[i?J —HG =1, Strong and EW Production
i Mo = m.-5GeV,m,= m.. + 5GeV
1

r oM 1 5

~ mmmm (Observed 95% CLs Limits
- === Theory uncertainty

| === Expected 95% CLs Limits
Expected +1o

.......... .
= experimental

200 300 400

m.
[R

-1

500
(GeV)

(%]
[ p]

Observed 95% Cross Section Exclusion (pb)

[
[ p]

| ]

[ —
[y |

=
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8 TeV campaign: Opportunity for both experiments to cover from gluino
down to 3™ generation squark searches

- 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
> Illiil‘ To be actively pursued during coming years...

> Ilz Covered across 4 decay-modes !
- Domain of sensitivity: m(&s,)?ol) < ~(700,300) GeV/c?

- Trying to be as generic, i.e. as case-covering, as possible:
Cover the same object through different:

- Decay-modes

- Masses of produced (ES) / intermediate / final (')V(Ol) sParticles

Pedrame Bargassa, Moriond EW 2014 Pe rsp ectives...
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= = 'ATLAS Simulation Preliminary '~ ' ' 4>
g 900 == =300 fb™ (<>=60) 5¢ discovery —

% 800E- V5= 14 TeV 1300 b (<11>=60) 95% CL exclusion _J
E_I - =3000 fb™' (<u>=140) 56 discovery 4 &
700 = O-lepton channel *13000 fb™" (<u>=140) 95% CL exclusion 3
600F- [ATLAS 8 TeV: 95% CL obs. limit
500F- =
400E- =
300F- =
200F- =
100F =
0 : 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 :
200 400 600 800 1000 1200 1400

I T T T I 1 . T T . T LI T . .I T T I T I T T T
ATLAS ' Simulation Prel.r}mnary
. =300 fb! (<p>=60) 56 discovery
\s=14 TeV ) _
== 300 fb" (<p>=60) 95% CL exclusion
==3000 fb™! (<u>=140) 5c discovery

* 3000 fb™' (<>=140) 95% CL exclusion

.ATLAS 8 TeV: 95% CL obs. limit

1-lepton channel

500 —
400 Y
300 .
200
100 : :
500 800 1000 — 7200 1400
Mgiop [GEV]

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

ATLAS Simulation Prehmrjnary

—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

\s=14 TeV

TiEEEEEREED
. ey,

>

At high Am: Quite similar

-0 and 1-lepton combined

+

performance across final states

If nature realizes SUSY &

m(t )~O(TeV) & t -tx°,
favoured: Watch within
(m(tl),m()?l))E(l.2TeV,4OOGeV)

area...
Pedrame Bargassa, Moriond EW 2014
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Backup slides
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r

7 7

“Generalize” the spin of known fields

SUperSYmmetry : spin particle ¥2 < spin partner 0
spin particle 1 < spin partner 2
Names spin 0 spin 1/2 Names spin 1 /2 spin 1
squarks, quarks | @ (wr, dp) (ur dr)
(x3 families) [ up u};{. gluino, gluon g g
d Ir i winos, W bosons | W* W° | w* wo
sleptons, leptons | L (v er) (v er) ~
(%3 familics) ~ o o bino, B boson BY BY
Higgs. higgsinos | H, | (H,” H?) | (H} HY)
Hy | (H} Hy) | (Hy H;)

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

SUSY : A broken symmetry ! -~ Charginos (x*) / Neutralinos (X°) :
Physical sParticles: Bino/Wino < Higgs (charged/neutral)

Mixture of super-partners - Squarks, Sleptons : Mixture of f & f
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- Admitting existence of a Higgs Boson
- Considering Gauge boson scatterings at High-Energy

- Requiring Unitarity of scattering amplitudes
- m_ ~ 0(100 GeV/c?)

- Consider Higgs mass correction from fermionic loop:

f 7\%
HQ e = e

N\, 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

7@ f /’:S\\ 2 7LS 2
2 f 2 o e / \ —
Ay = @.[_QAUVH O C Aoy e gy =

AmzH quadratic divergence cancelled :

Hierarchy problem naturally solved !
Pedrame Bargassa, Moriond EW 2014
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Stop/Higgs yukaw
coupling

Higgs & stop searches in inter-relation with each other
Stop masses

50

=20

Higgs masses

—2 —1 0 1 2 = 3
ag = Ap/(M5+4M? )Y

Demina et al., PRD 62, 35011

—& —1 0 1 2
ag = Ao/(M%+4MT{2)I/2
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k Matter

CLightest Neutralino )?01 stable: Natural candidate for Cold Dark Matter
0.1 <Q CDMh2 < 1 : “Reproduced” in most of SUSY parameter space...
...if X°, X°, annihilation : Only process changing N(Superparticles)

IF : dm = M(l;) - M()'(Ol) small, co-annihilations dominates —» Q CDMh2 =~ 0.1

m,=—u=2M, m,=5M, tanf=10

- Xt - tg, tH?, bH” 0ol ' .
- 1,10 > tt, gg, H'H, H'H*, bb %0 b :
= [
- - S 6or g
Am = M(t,) - M(X°) = 50 GeV/c” : g L
e 40 — -
Compatible with - 3
Q_h?>=0.11 * 0.01 @ 95% CL 0L 1
(WMAP) -y e e
100 1000
m, [GeV]

Boehm et al., PRD 62, 35012

Exciting times for HEP in view of Cosmology Data:
Is stop/sbottom degenerate with LSP ?
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Constraints the MSSM parameter space

ANSSAAL
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Improvi
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-
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: hep-ph/0403224

[

¥

-go

[
tal

Q u O v D
N QO N 1N QN
N NN ~

(199

j o
Balazs

X’ X°, -> h,H annihilations
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(Is c X’ , the only / best window to search for stops ?)

(2/3-b0dy decays )

1

0.9

08

0.7

0.6

0.5

04

0.3

0.2

0.1

Big contribution if log(A

GUT

/M%) ~ 65: By choice !

MSSM: Squark mass unification at low energy...
[V, | ~0.05

Prefered at low tanf: Excluded by LEP Higgs searches

T

T

T

T

T

T

T

1

bW

BR()

At = 1 TeV
My =230 Gev
m; = 280 GeV

My =250 GeV

5

10 15 20 25 30 35

Djouadi et al. : PR D, Vol. 63, 115005
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40 4
tan 3

5

t1 — -
X
fi - -
Xi

Xo

Xo

sneutrino

f =
= lepton f' =

f

Contributes more
if M(v) ~ 80 GeV/c?

Br (x* -> vlept) = 1/3

neutrino

No hypothesis on M(;)

Dominating over a large
parameter space
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%

y

60

Excerpts from the
“Handbook of LHC Higgs Cross Sections: 3. 0
Higgs Properties” (arXiv:1307.1347)

I
LHC Higgs XS WG 2013

The Higgs measurement still leaves quite o
spaces, depending on MSSM scena}gios...

50

light stau
. M 7125.5 +3
e M E1255+2

. HC excl.
* /LEPexcl.

T-phobic
o« M =1255+3

LHC Higgs XS WG 2013

LHC Higgs XS WG 2013

40

« M =12554+2

*  LHCexcl.
* LEPexcl

LHC Higgs XS WG 2013

30

tanp

20

10

200 400 600

M, [GeV]

800 1000 800
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Tracker:

- 13/14 silicon layers in Barrel (B) / g
End-Cap (EC) i
- EM calorimeter: 7 i
- PbWO, crystals, extremely dense &
optically clear material
- HAD calorimeter: (

- Layers of dense material (brass or
steel) interleaved with tiles of

plastic scintillators

i

Trangverse slice
though CMS

=== (harged Hadron (g.Pion)
= = =+ Neutral Hadron (e.g.Neutron) /’

Sllicon
Tracker

Electrom .i.;nanc\

Calorimeter

3
rht o W
Calorimater

Superconducting
Solenoid

Iran return yoke interspersed
with Muon chambers

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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Inner detector: Provide info about p_
& identity of charged particles:

>

>

>

3 layers of Pixel Detector
4 layers of SCT
Transition Radiation Tracker

EM calorimeter:

>

Liquid Ar / Lead + Stainless steel

HAD calorimeter:

>

Steel / Scintillating tiles

Muon Detectors Electromagnetic Calorimeters ]
A\ \\ =
2 \X

- s \\ Solenoid \\

Barrel Toroid

>

LAS

A

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

b

Inner Detector . .
Hadronic Calorimeters

Magnet:

>

>

Inner solenoid: 2T
Outer toroid: 0.5 » 1T

Muon system:

>

>

>

CERN AC - ATLAS V1997

Forward Calorimeters

End Cap Toroid

Shielding

Magnetic field from 3 toroids
CSC, Monitored-DT, RPC

For trigger: MDT, RPC

40



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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v

v

E™ [GeV]

N

N

1

1

Preselection: CMS Preliminary  Ns=8TeV, L =19.5b"
p,(lepton1,2,3)>20,10,10 GeV/c S 250 _
. S v oz eee 1
p.(G)>30 GeV/c a1 B — = eepl ]
- N(jet)=2 Wy + Hpe
. H_>60 GeV R . T
T M(I1)€&[75,105] S . 4leptons ]
MET>50 GeV 100 E"..;ﬂi“‘-ﬂ‘ ......... S Aerrmeerasennerenaennns ,.E
N(b jet)=1 - ““,‘;\ " E
50 __‘?‘s‘ .}..1.‘. ................................................ -1
- ‘fi=". S i
M(11)€[75,105] oL~ *A PO A ISR AR W
6106200300 400" 500" 600" 700800 9(%0 {})oo
5o CMS Preliminary ls=8TeV,L_ =195f0" M [GeV]
- OnZ AGEE Variable | Baseline Search Regions
(0[] raceareneanessanes s =eep T ————e— '
. N Sign/Flavar | 3e/p | Ol Off-Z
r . ‘ ’ IfIWM E Nb—jets > 1 l ) 23
- vy, Ta + 4 leptons -
00 :""i'"."'"'c?j:-""' .................................................. - Njets Z 2 2—3 2 4
B "" . ,
ol Fb Hy (GeV] [>60 [ G000 >
I Y Arormremn e ] .
S e 2 Y E S TP
% 100 200 300 400 500 600 700 'éob' 900 1000 ~ -
H; [GeV] PAS-SUS-13-008 42




Model A1

£

Testing a T _production via gluino
pair production

Model A2

Pedrame Bargassa, Moriond EW 2014

& Interpretations

CMS Preliminary, 19.5 fb', Vs = 8 TeV

— —as
% 1000 pp —>99.9 — tf;‘(? NLO+NLL exclusion
S =—Observed * 16,y 40
& === Expected *+ 10, hariment
& 800 —
B B i
600 -
= 4 —30
400 —
B 1 =5
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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s & Interpretations

Testing direct 51 pair production with b =t ~x$1 decays: To be as generic

as possible, have to consider different X*, & x°. hypothesis:
1 1

- CMS Preliminary, 19.5 fb', Vs = 8 TeV
W — 600 —— —120
> pp—b,b* . b, — tWx? NLO+NLL exclusion =
Model Bl S 550 —obpserved + 1 S s
p . - — ory —{100 =
1 0 S 500 =7 Expected* 106 ,pcriment 2
i X1 = m o = 50 GeV P
L. £ 450 : 1 180 &
7
Ve 400 —] g
-, 4 leo S
350 — =
~ X ~ — f
. + 300 — 4
N PAAA ; | | &
) i i 250 = =
? 200 _{ —|2° 3
1+ > f . = S
t W 150, 0 v vaa bbby o S
350 400 450 500 550 600 650
msbottom (GeV)
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Testmg a b productlon via glumo
pair Droductlon with b x decays

fwall

Model B2

uﬁr

o~

Testing direct b ,broduction via

“higher mass players”

0
.Xz

Model C1
Po

P ~
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& Interpretations

CMS Preliminary, 192.5 fb'', Vs = 8 TewVv
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“General” searches,
Gluino oriented searches:

g

Squarks v o '{th > tWEX, vy °bX,-bZX

Pedrame Bargassa, Moriond EW 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

~ ~ ~

1
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- Preselection:
W+ - Lepton veto: tthar & Wjets minimization
% pT(jLz) > 70 pT(jM) > 50 p_(.) > 30 GeV/c
X - N(b jet)=1
W- > A(p(pT(jl’m),meiSS) > 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(Gjj,), m(12)/m(jj,), mG,j,)/m(@j,j,): Consistent with m(W)/m(top)
- m(j j,j,) €[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) =3 & =2
e.g. N(jet) =3: N(b jet)=1 & m(jmjn)m,n#btag
- Topological requirement: Form 2 invariant transverse masses assuming invisible
particles as massless:
- M 7 =m(3-jet) & p, ™

- M_** =m(Rsys) & p, ™
Pedrame Bargassa, Moriond EW 2014

€ [80,270] GeV/c?
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background

///

Hadronic decay of 1 leptons produced in W boson decays:

- Estimated from a data sample of p+jets events with M_ < 100 GeV/c?

- Wtjets & 1, +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 t_jet:

U in data replaced by a 1, with randomly sampled p_, then differences of response
corrected
Lost leptons from a W boson decaying to e or pu:
- 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(pu)+jets
events

Multijet production:

- Due to the meiss & Aprequirements, the QCD multijet background contribution in the
search region is nearly negligible
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SM 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,

Moriond EW 2014
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7 ~ [/
/« background & signals S|

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

well the SM background, to predict
background in the tails

i : ;
etermination

CcCMS
o 2
=1.5— |
- a—®—80—8— -
:‘ii- 1—= et hd -
w 0.5 |
(== I 0]
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8 [ Preselection —®— Data .
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U E O fisu :
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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 polarization in t, = t X
1 1
Acceptances depend on X* , bolarization & X . WY° )
coupling int - b x*, decays
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- p.(j1,2)>110,60 GeV/c: Keeps soft charm jets ‘invisible’ while CMS

maintaining a low QCD
- MET>250 GeV
- A@(j1,j2)<2.5: Reduce QCD
- Lepton veto

- Search performed in 7
inclusive bins of p_(j1)

Pedrame Bargassa, Moriond EW 2014

PAS-SUS-13-009
—380r =
¢ I CMS Preliminary [Ldt=19.71’o'l\f§ =8 TeV -
3 a0t = 1,6 NLO#NLL exclusion A
ol [ = Expected lilmilts 165, '
= Observed limits £ 1 Ty o
50— - -
200 Fa
150
N LEP, 8=0°
E ) - LEP, 9=56°
100j= 00: 1
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50 A | 0 o oouow oy v )y
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gk
mination

» Dominating background: Z+HF-jets / Z—vv
- W+HF-jets / W—=1*: Non-reconstructed lepton or 1= 1 = had
- Control-regions w N(1)=1,2:
- N(@1)=2: SF & OS dilepton w m(ll)€[75,105]: Enriched in Z. pT(l) vectorially added
to p.™**: Mimic expected MET from Z—vv events

- N()=1: MT€[4O,1OO]: Enriched in ttbar & W+]Jets

CRAL CRASF CRA_DF
: : One e or eXeT or pTpuT etut
Contributions of ttbar, Z+]Jets ! alls :
& W+]Jets: Veto additional lepton candidates (pr(e) >7GeV pp(p) >6 GeV)

Only two reconstructed jets with pr > 50 GeV

Simultaneously estimated , , , . :
with profile likelihood in 3 pr(j1) > 130 GeV pr(ji) > 50 GeV pr(ji) > 130 GeV
control-regions pr(ja) > 50 GeV pr(ja) > 50 GeV pr(ja) > 50 GeV

E™is 5 100 GeV E%=(lepton-corrected) > 100GeV | EF* > 100 GeV

Two reconstructed b-jets (pr > 50)

40 GeV < m7 < 100 GeV 75 GeV < myr < 105GeV mee > 50 GeV
mcr > 150 GeV lepton pr > 90 GeV mer > 75 GeV
— my, > 200 GeV —

Pedrame Bargassa, Moriond EW 2014




- SR B:
- Dominating background: ttbar

- W+HF-jets / W—1*

CRB_1L

CRB_SF

One € or [

efeT or p.i;ﬁ

Veto additional lepton candidates (pr(e) >7GeV pr(p) >6 GeV)

Contributions of tthar &

Only three reconstructed jets with pr > 30 GeV

W+]Jets:

Simultaneously estimated
with profile likelihood in 2

pr(j1) > 130 GeV
ER 5 190 GeV

pr(j1) > 50 GeV

priss (lepton-corrected) > 100 GeV

control-regions

71 ant1 b-tagged; 72 and j3 b-tagged

40 GeV < mp < 100 GeV

75 GeV < myr < 105GeV

Lepton pr > 90 GeV

Hrp3 < 50 GeV

Pedrame Bargassa, Moriond EW 2014
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Channel

SRHA, mor selection

Pedrame Bargassa, Moriond EW 2014

Data / SM

150 GeV 200 GeV 250 GeV 300 GeV 350 GeV
Observed 102 48 14 T 3 G5
Total SM 94+ 13 309+ 6 15.8 2.8 59+1.1 2.5 +£0.6 64 + 10
Top-quark 11.1 =+ 1.8 244+1.4 0.44 4+ 0.25 < 0.01 < 0.01 41 =T
Z production 66 =11 284+ 5 11.4 + 2.2 4.7+ 0.9 1.9+ 0.4 13 +4
W production 13+ 6 4.9+ 2.6 21+1.1 1.0 £ 0.5 0.46 = 0.26 8+5
Others 4.3+1.5 3.44+1.3 1.8 + 0.6 0.12 4+ 0.11 0.1075 15 2.0+ 1.0
Multijet 0.21 021 006 £006 0.02+0.02 < 0.01 < 0.01 0.16 = 0.16
E ATLAS | | | °I Datal\'s =8 Te:l, 20.1 1b!‘ I
g SRB “essss SM total
— top-quark production
E S [ w production
% L ‘ - Z production
Lﬁ ‘ZL/‘ Others
??; - - m(b,)=300 GeV , m(%)=200 GeV ./,
z - - - - m{)=250 GeV , m(%)=150 GeV =
m(i;)=155 GeV .
7
Z

60 80 100

140 160
H s [GeV]

120

PR IR
180 200
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m, : Generalization of m_applied to signatures with 2 undetected particles,

to further reduce the dileptonic tt background. For an event characterized
by 2 one-step decay chains, a & b, each producing a missing particle C, the
m,, value of the event is defined by the minimization over all possible 2-

momenta, p_, p,,, such that their sum gives the observed missing

transverse momentum pT_. . rpry = min  {max(m7,, m7p)}
ﬁ C"‘ﬁ C:ﬁT]]iSS

where m . = m_of branch i for Ta ©Tb
a given hypothetical allocation

(p©... p°,) of the missing particle

t 11, production, T, — b+, ¥=— W(')+i°, M. = 2xMLo
momenta g i PEaE—
= 260 T T T T S T T 1 R
8 S — Observed limit (=1, )]
._?. ﬁ240 ATLAS Prellmlnary — Expected limit (:1 ‘Jexp) -
= . .
= 220 1-lepton + jets + E’:‘SS Expected limit (HCP12)
— — 1-2 leptons (2011)
200 f Ldt=20.7 i, Vys=8 TeV
All limits at 95% CL
180
160

140

120

100

o))
(@]

)
Q

3|II\|\II|II\|III‘|II|I\I|III‘III|II
(@]

100 200 300 = 400 500 600
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2

P
ATLAS-CONF-2013-037

Background modeling: Each SR binned & shape-fit
Liy = 20.7 fb—1 Wvs =8 TeV ATLAS Preliminary

& Total Fitted Backgrouned k
Data E
Signal (mpep. mLse ) (a6, 15079,
250 &= 57 174 £+ 28 262 4 34 .
140 1223 16|165 1 8|235 11 |
200 4= 60 145 4= 23 101 &= 26 -
- 268 (119 (113 = -y
= 1200 - Sl _ = R 2
Ch 1535 4= 260 (60 £ 120 695 &= 151 AL
j 1521 721 G653
% 90 Lo 13 22 |
31224116 1962 4= 60 2591 4= 104
3122 1962 2591 ;
) :
60 1 LO | ¢ .
a0 _ : -
1289 4= 85 825 4= 5H6 1441 4= 103 .
1289 825 1441 £
60 | | | .
100 125 150

Episs (GeV)
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- Multivariate techniques to combme mformatlon from the impact
parameters of displaced tracks and topological properties of secondary
and tertiary decay vertices reconstructed within the jet

- = 3 weights P , P & P_targeting light-flavour & gluon, b- & c-quark jets

- Anti-b & anti-u discriminators: Anti—b=10g(PC/Pb) Anti—u=10g(PC/Pu)

- Medium operating point: Anti-b>-1 Anti-u>-0.82

- Efficiency(c-tag)~20%. Rejection(b/u/t) ~ 5/140/10

- Loose operating point: Anti-b>-1

> Efflc1ency(c tag)~95%. Rejection(b) ~ 2

Lq106§"|"'\"‘|"'|"'\"‘| Lq106"'|"'\"‘|"'|"'\"‘|" L{).106"'I"'\"‘I"'I"'\"‘I"' L{).106;"'I"'\"‘I"'I"'\"‘I"'

8 55 ATLAS Preliminary —o— Data 2012 8 ATLAS Preliminary —+— Data 2012 8 ATLAS Preliminary —+— Data 2012 3 55 ATLAS Preliminary —+— Data 2012

20 Jld-203t s TeV ;f«ﬁ"ﬂam?:tls ER [Lit=2031" 1s=BTeV ;aﬁ"jj"{})"j;‘;'s 2 [Lit=2031" 1s=BTeV ;aﬁ"jj"{})"j;‘;'s 20 Jld-203tis= 8TV ;mnflfw:f:t's

L% e O 4¥) 4 sngleop L% I (+X)+ single top L% I (+X)+ single top L% o' I +X)+ single top

E WZ(-vw)4ets 3 W Z(-vv)+ets W Z(-vv)+ets E BRI vv)4ets

Wk P Z(-N)+jets 7 ERZ(-0)+ets ERZ(-0)+ets i ERZ(-N)+jets

E [ dibosons [ dibosons

Data / SM

[ dibosons

[ dibosons

\%\

\\

*ék T
.\\_ :

?§
§

8

§ 3
L
Data / SM
ON

6 0 8 - 2 o & 6 4 2.0 2 4 -86-4 2
Ieadmg jet Iog( P second leading jet log(P/P,) third leading jetlog(P /P,) ourth Ieadmg jet Iog[Pc u)



Low Am: Small ¢-space:

Selection: Cut & Count

- N(et)=3 wp_(j) > 30 GeV/c
- ISR jet: p.(j1) > 280 GeV/c

- MET > 220 GeV

I (7 (+X) + single top
I dioosons

-- m@ﬁ): (200,195) GeV
mity; )= (200.125) GeV

—_ T
> —8— Dala 2012

[o] ATLAS Preliminary %454 Standard Model
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Moderate Am: Charm-tagging enhances signal purity

- p.(1) > 270 GeV/c
-+ N(add. jet)=3 w pT(j)>30 GeV/c
- MET > 410 GeV

Events / 50 GeV
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- Z+jets-vv: Use MC normalized using data in control regions
- W+jets—=1*: Use MC normalized using data in control regions
»  ttbar:
- Low Am: ttbar negligible; taken from MC
- High Am: MC normalized in top-enriched control region, obtained
mainly w b-tagging
- WW, WZ, ZZ: Rather small; taken from MC
> QCD: From Data

- Sample of low-MET seed events is selected from data

- Response function, R, quantifying the fluctuation in measured jet pT, is measured.
R includes effects of jet mis-measurements & contribution from neutrinos in HF
decays. Initial estimate of the response function is obtained from the MC

- R modified by smearing seed events, until good agreement is observed between
smeared data & data in control regions sensitive to this jet response

- Seed events are then smeared with the adjusted response function from (3).

NM‘C(Z(_) vV) + jﬁ“‘}sigrm!

MC
‘MW—: uv,control

N(Z(— v¥) + jets)signal = (N PO 55 1) X

W—pv.control W—puv.contro
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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 R 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(vv)+jets 848+12479 33948.1452 4843.0+6.0 B.1+1.641.7
Top+W (£v)+jets 645424457 381117138 361+4.9-157 78126120
QCD 25.34+945.2 16+7.442.8 PR Lok =
Rare processes 18 £ 9.2 18+8.9 1.1+0.5 0.340.1
Total Background 1536102 754168 86+10 17 4.1
Data 1556 807 101 23
Mer <250 GeV | 250< Mcer <350GeV | 350< Mt <450GeV | Mcer > 450 GeV
Nb—iets=2 Nb—jets=2 Nb—jet3=2 Nb—jet3=2
Z(vv)+jets 60+3.4+7.1 284+2.443.8 3.940.941.0 0.74+0.630.6
Top+W (fv)+jets 29--2.9-15.5 17425433 2.440.940.6 0.240.2
QCD 1.9+0.7+0.4 1.24+0.8-10.2 0.140.1 0.140.1
Rare processes 18109 3.441.7 (0.1-1-0.1 0.1-10.1
Total Background 931410 50+6.4 65117 1.0 0.9
Data 101 55 8 1
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p 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 regime-) Light h “SM like”: h -» yy, {H,H*,A} much heavier
Coupling : g .+ [ -m” + m.sin26 (A + WtanP)/2]/ M *

htt

10 = o(pp — t1t1h) [pPb] 3

PRy S | A~ o(tth) = 2 o(t, t h) = of(tth)

AT intermediate: Destructive interference

: _ ° _ > A_r~(very) large: G(Atilpflh) > o(tth) for
\ \ 1 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) A
- An experimental measure of I'(ff' MET jj yy) - I'SM(tth) -

- Any significant deviation from 0 - BSM, pointing to t,
- Test of scalar potential (soft breaking of SUSY)
- Largest electroweak MSSM coupling /
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-

Diminish SM background:
- At least H - yy: 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 y

- E(y,Y,) > 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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m(W) in the 3 Signal Regions:
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View on
3" generation squark = Higgs sector:

—~

b —»b XOZ
¥,~hX,
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