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1. Introduction:
Status of the LHC searches for electroweakinos

2.Difficult searches:
electroweakinos in a squeezed spectrum

Review of the possible searches to close the gap

* VBF production
* ISR jet

#* Monojet

% Jet+soft leptons
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M Hlﬁbroweakinos

@ Naturalness wants Higgsino to be light.

since the y parameter enters the Higgs potential at tree level

2 2 2 2
my _ - my; tan® 8 — my;
2 tan® 3 — 1
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% Hlﬁbroweakinos

@ Naturalness wants Higgsino to be light.

since the y parameter enters the Higgs potential at tree level

@ A simply un-natural Susy spectrum®:

] ite li e ermi Split Susy inspired models
gauginos quite lighter than sfermions ousy nspires
1

Arvanitaki et al. '12

£SB D) W /d49(XTX)(¢T¢ + Hqu) Arkani-Hamed et al. '12 ...

— — m;/z GG + /d49(Hqu)

% scalar masses of order * from anomaly mediation,
Fx /M, 2 Fx/Mp = mg2 1-loop factor below the gravitino mass

% Higgsino mass model dependent:

could be order gravitino mass ,
or additionally suppressed Wolfgang”s talk
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% Hlﬁbroweakinos

@ Naturalness wants Higgsino to be light.

since the y parameter enters the Higgs potential at tree level

@ A simply un-natural Susy spectrum®:
gauginos quite lighter than sfermions

@ Light gauginos alone can preserve gauge coupling unification

a:l_l
a’z_l
a;‘l

Scalar and Higgsino masses

: 30:- | fixed at 10° TeV, gluino at ~15 TeV,
/< wino at ~2 TeV
20 4

10 7\ | | | | | | | | | | | I7
10° 10" 10%® 10° 10" 10" 10'% 10" 10" 10" 10'® 10" 10%® .
oV, From Arkani-Hamed et al. 1212.6971
e
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M Hlﬁbroweakinos

@ Naturalness wants Higgsino to be light.

since the y parameter enters the Higgs potential at tree level

@ A simply un-natural Susy spectrum®:
gauginos quite lighter than sfermions

@ Light gauginos alone can preserve gauge coupling unification

@ EWKino masses get less renormalized than

the gluino mass.

g> Even starting from universal conditions
B, X - > M; at GUT, at the ew scale the gluino is quite
167 heavier than the ew gauginos
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% Hlﬁbroweakinos

@ Naturalness wants Higgsino to be light.

since the y parameter enters the Higgs potential at tree level

@ A simply un-natural Susy spectrum®:
gauginos quite lighter than sfermions

@ Light gauginos alone can prese Scalars
@ EWKino masses get less renor Loop
the gluino mass. Gluino factor

9; *

BMi X £ 2Mz- Higgsino,

167 Wino, Bino
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Hwﬁﬁéakino searches. . .u

ATLAS Preliminary Lint =20.3-20.7 fb"', ys=8 TeV Status: SUSY 2013

E — pp%ﬁ)ﬁzg, viaTL/ V, 3€/|l, ATLAS-CONF-2013-035 = = = = Expected limits
450 :—— ppa%j’i;, viaTL/ V, 2€/l, ATLAS-CONF-2013-049 — Observed limits

~+-0 . ~ ,~

— ppﬁx;xz, via ‘CL/ Vo 2‘C, ATLAS-CONF-2013-028
~t- .~ ~

—— pPp—X%, X, Via T/ V. 2T, ATias-coNF-2013-028

0 .
—— pp%)ﬁxz, via WZ, 3e/L, atLas-conF-2013-035
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pp%jﬁﬂxg, via Wh, e/pbb, ATLAS-CONF-2013-093
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See also CMS: SUS-13-006 and SUS-13-017
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ATLAS Preliminary Lint =20.3-20.7 fb"', \s=8 TeV Status: SUSY 2013

= 500 —
[0 - — pp%%;%z, via |/ v, 3e/u, atLas-conr-2013-035 = = = = Expected limits
(3‘—“_ 450 :—— pp X:%;, viaTL/V, 26/, ATLAS-CONF-2013-049 = Observed limits
2E>< E e pp%%fzg, via "EL/ V., 2T, ATLAS-CONF-2013-028
400 I pp%%:%;, via F‘EL/ V., 2T, ATLAS-CONF-2013-028
[ e pp%f(if(o, via WZ, 3e/u, atLas-conF-2013-035
350 — B
[~ PP—Y X, Via Wh, e/ubb, arias-conr-2013-003 ‘
— m7,_-,_=05m:+m;°
300 = ""zs 7, M) e e
: -“‘A. Qx “““““““““
250 - R S
- L& y <<\4/ S e 4,
200 - &4 ) Qo S e
E ((\/?w ““““““““
150 |- T
100 5
50 |
O oo b o b
100 200 300 400 500 600

My (Fmy2) [GeV]

See also CMS: SUS-13-006 and SUS-13-017

. X — — lvx], (L=e,p)
~X2 — —>££X[1)
g +
I = — wxl, (£=e,p)
Xg — — bbx(l)
X
Assumptions:

% Mainly wino NLSP, bino LSP
* X,and X* are degenerate in mass

% 100% branching ratios
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ATLAS Preliminary Lint =20.3-20.7 fb"', \s=8 TeV Status: SUSY 2013

2 = = = = Expected limits

— ~t LY~
- = PP—=Y X, Via |./V, 3elu, arLas-conr-2013.035

1™
~t-0 .~ ~
= PpP—Y, X, ViIa T/ V,,

, via |/ V, 2€/lL, ATLAS-CONF-2013-049 — Qbserved limits

I
o
e
=

4
=1

2T, ATLAS-CONF-2013-028

~t~- .~ ~
= Pp—Y X, Via ‘CL/ V., 2T, ATLAS-CONF-2013-028

0.
 — pp%xfxz, via WZ, 3e/u, atLas-conF-2013-035

pp%r)ﬁr)zg, via Wh, e/ubb, arias-conr-2013-003

m7,-,-=0.5(mz°+ m3z°)
e R
TS
L& y NG SR e o
((\i% , ot e
SR
e Large region

~ unexplored
(soft leptons, small MET)

300 400 500 600

My (Fmy2) [GeV]

See also CMS: SUS-13-006 and SUS-13-017
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. X — — lvx], (L=e,p)
3(3 — — Zﬂxtl)
g + 0
- Xi — ?EVXU (Eze,u)
Xg — — bbx(l)
X
Assumptions:

% Mainly wino NLSP, bino LSP
* X,and X* are degenerate in mass

% 100% branching ratios



dow to dark matter?

Some motivations for compression
Well ‘rempered heutralino: Arkani-Hamed, Delgado, Giudice 0601041

Efficient annihilation =, no significant mass splitting
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BREIGErK matter?

Some motivations for compression

Well tempered neutralino: Arkani-Hamed, Delgado, Giudice 0601041
Efficient annihilation =, no significant mass splitting
t limit
i Fermi | EEP x*y~ XENON100 ST -

LD Chgxh (xx + x"x)

500

tan f=2 |
=750 GeV |

Ch 2
os; = 8 X 10745 cm? ( XX)
0.1

M; [GeV]

m, condition signs
My | My + pusin28 =0 | sign(M;/p) = —1
My | Ms+ psin28 =0 | sign(Ms/u) = —1

—500¢t

| _ —u tan3 =1 sign(Myo/pn) = —1
= | L M =M, [sien(Mya/) = —1
“1000] Wm0 . | i
~1000 ~500 500 1000
| M;é\é\f]
Thermal DM Well-tempered neutralinos can be

Blind spots . N )
Cheung, Hall, Pinner, Ruderman, 1211.4873 .blind SpoTS for DM direct searches
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ow fo dark matter?

Some motivations for compression
Well tempered neutralino: Arkani-Hamed, Delgado, Giudice 0601041

Efficient annihilation ., no significant mass splitting

current limits future reach
i Fermi | LEP y*x~ XENON100 SI I
E XENONIT SI
500} SOO: LUXSI
_ tan =2 _ tan =2
> u="750GeV | = =750 GeV
Q [P
< 0 &) 0
s =
~500| ~500.
: mX1<mXo 4 L ; mxx<mxu
1000, w0 | , i ) T e
—1000 ~500 500 1000 ~1000 ~500 0 500 1000
| M, [GeV] M, [GeV]
Thermal DM Well-tempered neutralinos can be

Blind spots . N )
Cheung, Hall, Pinner, Ruderman, 1211.4873 .blind SpoTS for DM direct searches
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W % probe ew squeezed spectra?

* VBF production: 2]‘;:*

exploit the kinematic of 2 forward jets

------




& &=




roduction (1)

14 TeVLHC |

4

® Two boosted jets in the forward direction,
in the opposite hemispheres
p’. > 60 GeV

Njs * N < 0, |0, —njn| > 4.4

o(fb)

® Large invariant mass of the di-jet system
ij > 1200 GeV

® Large missing energy from
the missing gaugino pair

EINSS > 100 GeV

10

10

Giudice, Han, Wang, Wang, 1004.4902

See also:

Datta et al. 0111012

Cho et al. 0601063

Dutta et al. 1210.0964
Delannoy et al. 1304.7779
Delannoy et al. 1308.0355

-1

Sum of the channels after cuts -

[ M,=M,,tang=5

(Solid)

clc1 (0S)

120

140

160 180 200 220 240

M, (GeV)

Main backgrounds: Z+jets, W+jets
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roduction (1)

14 TeVLHC |

4

Giudice, Han, Wang, Wang, 1004.4902

Datta et al. 0111012
Cho et al. 0601063

°® Two boosted jets in the forward direction,  Seealso: | .. "+ 15100964

in the opposite hemispheres
p’. > 60 GeV

Delannoy et al. 1304.7779
Delannoy et al. 1308.0355

o(fb)

Njs * N < 0, |0, —njn| > 4.4

° Large invariant mass of the di-jet system '

ij > 1200 GeV

€

Sum of the channels after cuts -

anf=5

(Solid)

clc1 (0S)

® Large missing energy from L
the missing gaugino pair : o
cinZ ™
EIMSS > 100 GeV
-1
. . 10 | | | I LN I T T N T
* Veto visible leptons 120 140 160 180 200 220 240

(acceptance goes down quickly, increasing the splitting)

M, (GeV)

Main backgrounds: Z+jets, W+jets



4

14 TeVLHC |

Giudice, Han, Wang, Wang, 1004.4902

Datta et al. 0111012
Cho et al. 0601063

See dlso: Dutta et al. 1210.0964

. S
900 |
<800 |
=700 |

600 |
€500 |
400 |

1010 [ R 2 J+Missing E;

200

100 b U0 v 0 by b b

Delannoy et al. 1304.7779
Delannoy et al. 1308.0355

* Need good control of systematics
S/B~(2-3)o/o

* Requiring a soft lepton
(muon) might help

(for a bit less squeezed benchmarks)

120 130 140 150 160 170 1
M, (GeV

;\\ The reach depends on the

neutralino/chargino composition

No reach beyond LEP at the 8 TeV LHC
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x,x  Drell-Yan

X, X

OI
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q q
kT o C
2 > o
E 3

\J

DM DM

>
Direct
Example:
| _
2 (X7uX) (@Y q)

DM searches with mono-jet

For early works:

Beltran et al. 1002.4137
Goodman et al. 1005.1286,

1008.1783
Bai et al. 1005.3797
Rajaran et al. 1108.1196
Fox et al. 1109.4398

ATLAS-CONF-2012-147

1200—

1000

800

600

Suppression scale M, [GeV]

400

200

ATLAS Preliminary
s=8 TeV JLdt =105

Operator D5, SR3, 90%CL
= Expected limit (£ 1+ 20_ )

—_ Observed limit (+ 1o

— Thermal relic

exp

theory)

effective theory.
not valid
1 1 [ | ‘

10°

10°
WIMP mass m, [GeV]




TSR jet + X1 X1s X3 Xas «-- — B3 J

Present 8 TeV Monojet searches are not sensitive beyond the LEP bound

100005 T - ATLAS-CONF-2012-147
] 10fb? 8 TeV

1000 ¢
’ o ~ 10pb

| o~10 In particular,
_  |m m,=100 GeVl

| | g m=500GeV the most significant

W signal region:

0 100 200 300 400 500 SRI
p1j [GeV] pr(3) > 120 GeV,
Ef'SS > 120 GeV

100 ¢

10. ¢

, Veto visible leptons
Extrapolating to the 14 TeV LHC, (and a third jet above 30 GeV)
maybe some reach beyond LEP

Giudice, Han, Wang, Wang, 1004.4902 Exclusion: 2.8pb
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MHHH‘\ed iate regime

A=m_-m _~(10-40) GeV

Pretty (but not extremely) squeezed scenarios

.traditional” method (monojet) suffers from low efficiency.
:> ISR jet + soft vigible leptons + some MET signature

/

3|+MET+ISR jet
5.6., 5.Jung, L-T.Wang, 1307.5952

The ATLAS analysis ATLAS-CONF-2013-035 is the
one that gets closest in probing ew squeezed spectra.
Still, below A~30 GeV, the entire parameter space is open

To better compare with the ATLAS reach, we will make
the same set of assumptions
(wino like NLSP, degenerate X, and X* 100% branching ratio)




MHHH‘\ed iate regime

A=m_-m _~(10-40) GeV

Pretty (but not extremely) squeezed scenarios

.traditional” method (monojet) suffers from low efficiency.
:> ISR jet + soft vigible leptons + some MET signature

~

3|+MET+ISR jet 2|+MET+ISR jet
S.6.,5.Jung, L-T.Wang, 1307.5952 Han, Kribs, Martin, Menon,
In preparation
The ATLAS analysis ATLAS-CONF-2013-035 is the
one that gets closest in probing ew squeezed spectra.
Still, below A~30 GeV, the entire parameter space is open

To better compare with the ATLAS reach, we will make
the same set of assumptions
(wino like NLSP, degenerate X, and X* 100% branching ratio)




ueezed spectra

3lepton+MET signature
ATLAS-CONF-2013-035

Selection SRnoZb ~ SRnoZc  SRZa SRZb SRZc

Tri-boson 1.7+1.7

77 14+38 % Single or di-lepton trigger

It 0.23+0.23

50+9 % Third lepton with pT >10 GeV
> SM irreducible 65+ 12 % Egligg S 50 GeV
@&l reducible> 31+14
Y SM 96 + 19 # mSFOS < 60 GeV, min(mSFOS) > 12 GeV
Data 101 (Z-veto) (to avoid low mass
QCD resonances)

po-value 0.41

Nsignal €xcluded (exp) 39.3 #* Either EEEHSS < 75 GeV

Niignal €xcluded (obs) 41.8 ,

Tvisible €Xxcluded (exp) [fb] 1.90 or mr(W) <110GeV .

O visible excluded (ObS) [fb] 2.02 or DT (Eg) < 30 GeV
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ueezed spectra

3lepton+MET signature
ATLAS-CONF-2013-035

Selection SRnoZb ~ SRnoZc  SRZa SRZb SRZc

Tri-boson 1.7+ 1.7
7 14+38 ATLAS Preliminary L = 20.3-20.7 fb”', ys=8 TeV Status: SUSY 2013
— 500 -
it 023 + 023 % E —_— pp—))ﬁzz, viaTL/ V, 3e/ll, ATLAS-CONF-2013-035 = === Expected limits
50 + 9 (3‘—"_ 450 :—— pp—))z:ri;, ViaTL/ V, 2e/U, ATLAS-CONF-2013-049 = Observed limits
é - —_— pp—))ﬁﬁ, viaT/ V., 2T, ATLas-coNF2013-028
Z SM irreducible 65 + 12 400 :_— pp—)%ﬁ(r viaT/V,, 2T, ATLascoNF-2013-028
350 :_ — pp—))ﬁzz, via WZ, 3e/u, atLas-conF-2013-035 . e
E§ ;;i redUCIble > 3 1 + 14 E pp—))ﬁ%;, via Wh, e/ubb, ATLAS-CONF-20‘13-093 2
300 :_ mTJTLN =0.5(m ’{': + mxz) ;
> SM 96 + 19 S
250
Data 101 -
200 — ‘ '
po-value 0.41 150 f
Niignal €xcluded (exp) 393 100
Tvisible €xcluded (exp) [fb] 1.90 | ¥ | | |
Tvisible €Xcluded (obs) [1b] 2.02 900 200 300 400 500 600
m ﬁ (=m 22) [GeV]
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on invariant masses

My, = TNy + miysp

0253 ~ ,L 025/
/) —  150-130 i
020} 020}
£ 015 £ 015
£ 0.10} £ o.10}
0-05; o.osf-

0,007 ' - ‘ 0.00f =" v

20 40 60 80 N 40 60 80
min(mSFOS)(GeV) \ \ MSFOS2)GeV)
\ off-shell photon bkgd
mSFOS>12GeV
» Edge at mS FOSNAEmXZ_mLSP (low mass QCD resonances)

°* Experimental collaborations use mSFOS(Z),
however, the minimum of all possible SFOS invariant masses
min(mSFOS) has a clearer edge i — tvxy, (&= e, p)

Xg — — EEX(;

=) Lower and upper bounds on the values of mSFOS



HWHkorrelaﬁon variables

025 0.25;
; 150-130 : 150-130
0.20 * 150—100 0.20 . 150-100
g o1t T WZ bkgd g 015
= i 5 I
£ 0.10} £ 010
0.05} 0.05F
0.00" 0.00"
0.5 1.0 1.5 2.0 00 05 10 15 20 25 30
MET/pr(j1) Ad(j1,.MET)

—Ep™ = pr(j1) + > _pr(0),  |Pr(0)| ~ vE;

® Sizable MET in the signal arises only from a hard ISR

(Eg)sig ~ A?
(the two LSPs are not anymore back to back)

A=my, —msp K My,

Correlations are more and more pronounced (EY)bkga ~ Mw,z/2
going to more and more squeezed spectra
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HWHkorrelaﬁon variables

Weaker correlation between the pT of the leptons and the pT of the ISR jet

0.25; pr(j1) > 30GeV
} —  150-130
0.207 —_— 150-100
g 0157 ------ WZbkgd
E 010
0.05
0.00"
0.0 0.5 1.0 15

prl D)/ pr(jn)

—EP™ = pr(j) + Y br(e), P (£)| ~ YEy,
(Eg)sig ~ A‘) A= My, — MLSP < m,., \/p?r(Jl)/4 + M2

Y
(E))bked ~ M, z/2 M
Mg ~ m(x2), Mpkgd = Mw 7

Stronger correlation going to harder ISR jets
:} It can be a more useful variable at the 14 TeV LHC with high luminosity
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Wﬂﬁ bf the variables

Intermediate p_for the ISR jet: (30-60) GeV

* Soft leptons

* Small SFOS lepton invariant masses

s Correlation between MET and p_ of the ISR jet

» (weaker) correlation between p_of the leptons
and p_of the ISR jet

How to trigger on these events?

18/26 S.Gori



. In principle,
ATLAS-CONF-2013-035 Trlgger: *hree rauon .".igger, wi.'.h
% Single electron or single muon: pT > 25 GeV pT>6 6eV

% Symmetric di-muon trigger: pT > 14 GeV
% Asymmetric di-muon trigger: pT > 18, 10 GeV
% Symmetric di-electron trigger: pT > 14 GeV
% Asymmeftric di-electron trigger: pT > 25, 10 GeV
#* Electron-muon trigger:
one electron with pT > 14 (10) GeV, one muon with pT > 10 (18) GeV

Check

o e

150-120 benchmark

Trigger + pf} > 30 GeV | Trigger+ p% > 50 GeV

Acceptance 10% 6%
N. Events (21fb™") 70 40

19/26 S.Gori



The request of a third lepton above 10 GeV
reduces the signal by a factor of ~ 4

\

(150 — 120) cuts S| 5 |5 \/B—|—(§.15-B)2
Tight-pr baseline pr(€) >10 GeV, pr(j) >30 GeV, @ 0.17 | 1.8 0.97
min(mSFOS) > 18 GeV,
mSFOS(Z) <81 GeV .
min(mSFOS) < A=30 GeV 17 | 0.47 | 2.8 0 2.1
Tight-py A(jy, BIISS) > 2.4 14 | 0.91 | 3.5 31
cuts EIUSS /0 (5) > 0.64 12| 1.4 | 4.1 3.7
EIISS 5 20 GeV, pr(fy) < 50 GeV , ‘
pr(f1)/pr(j1) < 1.21 Hh LT s
ATLAS-CONF-2013-035 | SRnoZa 17]0.32 2.3 (1.6)

Notes: |

* Imposing E1"™ > 50 GeV would change the significance by only ~10%

* The cut on min(mSFOS) alone is already able to reach the significance
obtained by the ATLAS analysis
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#%H%'%" of the reach

~ Main issue in this region
~is the requirement min(mSFOS) > 12GeV

pe
-~ Tight pr cuts ]
1.5

140

xE o WO = O,

mysp(GeV)

xos — ZWx] — Lex]

140 160 80
m,(GeV)

60—
100 120

Improvement on S/\/B + (0.15 - B)2J
in comparison with SRnoZa




ATLAS and CMS collaborations present also bounds for the decay chain

Xi: — fv, vl — Eux(l),

0

Assumptions:

Xy — 00— £ex?

0.25;

0.20F

fraction

0.05}

0.00°%

N

0.15}

0.10

[50-120GeV no slepton
(2Q0.GeV) of_shell

— on—shell

pr{y)

10 20 30 40 50

pr(6)(GeV)

in the case of light sleptons in the spectrum

my =mg, = (Mmy, — mysp)/2

fraction

0.25;
0.20f
0.15}
0.10{
0.05]

0.00 4

_ % Degenerate sneutrino and left handed sleptons
% Right handed sleptons are heavy

no slepton
(220.GeV) fr_shell
on—shell
40 60 80

min(mSFOS)(GeV)

The distributions for our kinematic variables are not sizably affected
:> We can apply similar cuts to the case of heavy sleptons (.no slepton” in the plot)
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hter sleptons

ATLAS and CMS collaborations present also bounds for the decay chain

Xt — tv, o0 — fvx?,  inthe case of light sleptons in the spectrum
Xg — EE — EEX? mpy =m; = (mX2 — mLSP)/z

Assumptions: - < Degenerate sneutrino and left handed sleptons

% Right handed sleptons are heavy

400 ———————————————————— —
' Tight prcuts |

o~

350

O8]
-
-

mysp(GeV)
(O]
N
>

o
-
-

LHCS 21/fb

s
200 250 300 350 400

m,(GeV)
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% chs for the 14TeV LHC

With 300 fb*data

300 — 280 cuts S| =2 jg \/B-|—(§.15-B)2
Loose-pr baseline | pr(€) > 7GeV, pr(3) > 30GeV, | 56 | 0.018 | 1.0 0.12
min(mSFOS) > 12 GeV,
mSFOS(Z) < 81 GeV
min(mSFOS) < A = 20 GeV 50 | 0.049 | 1.6 0.32
Loose-pr EZMS > 60 GeV pT(Bl) < 50GeV | 32| 0.21 | 2.6 0.78
(14) cuts pT(El)/pT(gl) <t0.2% 17| 0.64 | 3.3 2.59
Emlﬁ’c’/p (1) >'O 9: 13| 1.2 | 3.9 3.44
r 7 60 ¢ —
Loose pr(14) cuts - 50; - Loose p7(14) cuts
2 %0 o T \
e S - >
520, L
o JoE -
; LHC14 300/fb : LHC14300/fb
%00 220 240 260 280 300 320 340 S0 620 640 660 6s0 700 720
m,(GeV) m,(GeV)

Heavy sleptons
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WHWH)Ie ptons+ISR jet (1)

Some preview of the work in progress: Han, Kribs, Martin, Menon

PP — X7 X1 Xfxg, oo = 20 + ELNMS

Example scenario: ISR jet asked to be
M1=350, M2=1000, u=110, tanf=10 above 100 GeV
12:— V) signal E
- jtr =
10— =Py N
. - I N R/ vv N MXINIOO GeV,
ST - | M ~1156eV,
o - —=— —— B\t .
*:\ 6:— = '_§= — — \? chargino 110 Gev
E Py : __——"'I < \\\ \%
2: Preliminary
oE \ NN \\m\\\\\\\
0 10 20 30 40 . ?&V) 60 70 80 90 100
Not necessarily SFOS Thanks to Adam Martin!
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oft) leptons+ISR jet (2)

Some preview of the work in progress: Han, Kribs, Martin, Menon

PP — X7 X1 Xfxg, oo = 20 + ELNMS

10

M;=1TeV, u=110GeV, tanf=10

ISR jet asked to be
above 100 GeV

Preliminary @

. o/ Fake background from
i g — 14 'TeV, 100 fb7! . °

5 L L4TeV 1005 MMWR N W+jets found to be (5-10)%

ir —  8TeV,20fb! N |

: — - 8TeV,20fb™" MMWR SN
2l )
200 400 T 00 80 1000

M_~80 GeV, M_~97 GeV MaA(GeV) M_~103 GeV,
M, ~120 GeV, M, ~116 GeV, M, ,~114 GeV,
M, ~90 GeV M, ~102 GeV M, ~107 GeV

Thanks to Adam Martinl!



“Wlws and outlook

® Squeezed and light electroweak spectra are an interesting
theoretical possibility

* Experimental searches are known to be more difficult

%*VBF production seems challenging

*The presence of a relatively boosted ISR jet looks more promising
(delicate interplay between the pT of the jet and the other kinematic variables)

Possible improvements for the 3leptons+MET+ISR jet signature
@ Weaker lower bound on min(mSFOS)

26/26 S.Gori






WM &er‘ light ewinos?

6

enerically electroweak particles will couple to the 125 GeV Higgs. A

This feature has been recently exploited in the search:

Xt — — tvxy, (=e1)  ATLAS-CONF-2013-093, CMS-PAS-SUS-13-017
\ X9 — — bbx!

J

Room for very light ewinos produced in Higgs decay ?
% In the MSSM not anymore 56, J.Shelton, in preparation

250F 1 \ """" B0 T T T T ho _
eV =150 GeV
200+ 200+ |
2 2 LEP measurement of
o & ...
- = the Z invisible and
3" 150+ =" 150 .
total widths
100} | 100-— Mg R A
100 - 20 41;3_ —— o 100 h — X].X].
M [GeV] M [GeV] h — x1X2
Backup
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ht ewinos?

6

This feature has been recently exploited in the search:

\ Xg — — bﬁxg

enerically electroweak particles will couple to the 125 GeV Higgs.

N

XF — — tvxy, (E=en)  ATLAS-CONF-2013-093, CMS-PAS-SUS-13-017

J

Room for very light ewinos produced in nggs decay ?

SG, J.Shelton, in preparation

S 3

% In the NMSSM a bit more freedom § e
thanks to the AH,,SH coupling 8 -
e

* Models with extra neutrinos: | &

Carpenter, 1010.5502
Keung, Schwaller, 1103.3765

’ Xv
L= ’ v
(Xﬁ) &

M
LOY,HLn, + ?nyny + h.c.

Carpenter, 1010.5502

y | 8N sssss (GeV) N N h
40 60 N, mass (GeV)



® Indirect .measurement” of the Higgs invisible (or exotic) width,
through the measurement of the Higgs SM couplings

% A lot of theory work on extracting the Higgs invisible width

See for example: Belanger et al. '13 CMS PAS HIG-13-005
Giardino et al. '13 o 3,05 Prelminery [S=7Tev L5t BeTen L oom
Ellis, You ‘13 L KpKe BRyg, FA
Djouadi, Moreau '13 2.5- VAN B

% Lately indirect bounds given by
the experimental collaborations




‘ %Hﬂuﬁc decays

® Indirect .measurement” of the Higgs invisible (or exotic) width,
through the measurement of the Higgs SM couplings

% A lot of theory work on extracting the Higgs invisible width

See for example: Belanger et al. '13
Giardino et al. '13
Ellis, You '13
Djouadi, Moreau ‘13

% Lately indirect bounds given by
the experimental collaborations

® Direct measurement of the Higgs invisible width from

Zh — GEMSS, Zh — bbENSS| VBF Higgs

ATLAS-CONF-2013-011 CMS PAS HIG-13-013
CMS PAS HIG-13-018 CMS PAS HIG-13-028

—» Most stringent limit: BR(invisible) < 65% @ 95% C.L.




® Prospect at the 14 TeV LHC with 300 fb™
BR(invisible) < (5-10)%

Klute et al., 1205.2699
Peskin, 1207.2516

CMS collaboration, 1307.7135.
ATLAS collaboration, 1307.7292.

@ Theoretically to get a ~10% branching fraction is very easy!

=
)
S,

I
i

10‘3§| T L — |§§
10° / 3 8

- :g
10

1

107 /

500 1000
M, [GeV]

200 300

[',(125 GeV) = 4.1 MeV

/ Very many new signatures
experimentalists could look for

Review work:

D.McKeen, J.Shelton, M.Strassler,
Z.Surujon, B.Tweedie and Y.Zhong, 1312.xxxx

N

Exotic Decays of the 125 GeV Higgs Boson
D.Curtin, R.Essig, SG, P.Jaiswal, A.Katz, T.Liu, Z.Liu,

~

/

S.Gori
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W#ﬁ%ulﬁle’ron + MET signature

56, J.Shelton, in preparation

@ Models with RH neutrinos, easily produce a sizable branching ratio for
h — NaNs followed by No — Z*) Ny

® From a signature-based prospective,
which are the present bounds on the 4 leptons+MET signature?

gHiggs produced in gg fusion and in VBF \
CMS-PAS-SUS-13-010

CMS constrains better the decay topology (no requirement on MET)
Very inclusive analysis:{4 iso-leptons with p_(I ) > 20 GeV and p_(I) >10 GeV

at least one SFOS lepton pair
- Events classified according to
the value of the lepton pair invariant masses (m and m,)

\ Only bin populated: m <75 GeV, m < 75 GeV /

* Wh associated production
' Pro: lower p_ thresholds,

E\erL’r:S?ggﬂgrzeog\_%sségnal region SRNOZa Contra: higher requirement on MET

S.Gori
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CMS-PAS-SUS-13-010

ATLAS-CONF-2013-035

Model Mode CMS bin Prediction | ATLAS bin Prediction
“Optimistic” gluon fusion 50.4 2.4
(M; = 20 GeV, | VBF 56.2 7.6
My = 55 GeV) | Wh 2.1 14
total 108 24
“Pessimistic” gluon fusion = 0.6
(M; = 35 GeV, | VBF 2.15 2.9
My = 55 GeV) | Wh 0.21 3.6
total 2.37 7

*Numbers obtained having fixed
BR(h — NyN») = 1

12 events are
excluded at 95% C.L.

41.8 events are
excluded at 95% C.L.




Wﬂr and bounds

CMS-PAS-SUS-13-010

ATLAS-CONF-2013-035

Model Mode CMS bin Prediction | ATLAS bin Prediction
“Optimistic gluon fusion 50.4 2.4
(M; = 20 Ge VBF 56.2 7.6
M, = 55 GeV) | Wh 2.1 14
total 108 24
“Pessimistic” gluon fusion = 0.6
(M; = 35 GeV, | VBF 2.15 2.9
My = 55 GeV) | Wh 0.21 3.6
total 2.37 7

*Numbers obtained having fixed

BR(h — NyNs) = 1

12 events are
excluded at 95% C.L.

J

BR(h — NoN,) < 11% @ 95% C.L.

41.8 events are
excluded at 95% C.L.




LAS 3| search

ATLAS-CONF-2013-035

Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc
Tri-boson 1.7+17  06+06  08+08 05+05 0404 0.29+0.29
ZZ 14+8 1.8£1.0 025+0.17 89x18 1.0+£04 0.39+0.28
itV 0.23+023 021+0.19 021737  04+04 0.22+£021 0.10+0.10
wZ 50£9 20 +4 2.1+1.6  235+35  19%5 5014
¥~ SM irreducible 65+ 12 22+4 34+1.8 245+35  20+5 5.8+ 1.4
SM reducible 31+ 14 7+5 1.0£0.4 4+ 1.7£0.7  05+04
~ SM 96 + 19 29+6 44+18 249+35  22z5 6.3+ 1.5
Data 101 32 5 273 23 6
po-value 0.41 0.37 0.40 0.23 0.44 0.5
Niignal €xcluded (exp) 39.3 16.3 6.2 67.9 13.2 6.7
Niignat €xcluded (obs) 41.8 18.0 6.8 83.7 13.9 6.5
Ovisible excluded (exp) [fb] 1.90 0.79 0.30 3.28 0.64 0.32
Tvisible €xcluded (obs) [fb] 2.02 0.87 0.33 4.04 0.67 0.31
SRnoZa

mSFOS < 60 GeV, min(mSFOS) > 12 GeV, E,lliliSS > 50 GeV and
either E}FmSS < 75 GeV or mpr(W) < 110 GeV or pr(€;) < 30 GeV
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