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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

For decays with intermediate mass,
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*Observed limits, theory uncertainties not included Mass scales [GeV]
Only a selection of available mass limits
Probe *up to* the quoted mass limit
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ATLAS SUSY Searches® - 95% CL Lower Limits
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ATLAS Preliminary
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ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: July 2015 J‘Ldt N (18.4 -20.3) fb 1 f =8 TeV
Model Signature  [Lati ') Lifetime limit Reference
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ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 f.Cdt=(18.4- 20.3) fb 1 ~[§=81'ev
Model Signature  [Lat(f ') Llfotimo limlt Reference
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[GeV]

CMS Exotica Physics Group Summary — Moriond, 2015



ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary
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CMS Searches for New Physics Beyond Two Generations (B2G)
95% CL Exclusions (TeV)
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FONG LIVED PARTICESS

FROM

DYNAMICAL R-PARITY VIOLATION

C. Csaki,
C. Csaki,

EK, T. Volansky, Phys.Rev.Lett. 112 (2014) 131801
EK, O. Slone, T. Volansky, JHEP 1506 (2015) 045
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WVHIERE IS SUPERSYMME TR

C Bounds typically assume large missing-energy,

because the LSP Is stable

Assumption of R-parity
conservation

i
| clectron o




R-PARITY VIOLATION

Standard Operators

W = X (LLe + LQd + udd)

Couplings have to be very small



R-PARITY VIOLATION

C. Gsaki, EK, T.Volansky, Phys.Rev.Lett. | 12 (2014) 131801

Instead of only considering
W = X (LLe + LQd + udd)
Let’s also consider

1 a 3
. - (ed" + QuL" + QQd")

T we know R-parity violating operators are small,
why do we only consider renormalizable ones?
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LONG LIVED L5P

LSP decays to 3rd generation particles, and In
much of the parameter space Is displaced
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FONG LIVED PARTICESS

FROM

NEUTRAL NATURALNESS



THE TWIN HIGGS

Z. Chacko, H. Goh, R. Harnik, Phys.Rev.Lett. 96 (2006) 231802 [hep-ph/0506256]

* |ntroduce a full co

Interac

lon strengt

]

oy of the SM, with same

BS

» The"Iwin" fields play the role of canceling the

quadratic divergence
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NEUTRAL NATURALNESS

Naturalness models of top partner
that are neutral under QCD

B
\
Bee.

" N

: : Holographic
fhided Orbifold Higgs ograp
Supersymmetry Twin Higgs
N. Craig, S. Knapen, P. Longhi
G. Burdman, Z. Chacko, M. Geller, O. Telem

H. Goh, R. Harnik
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BISFLACED HIGESS

The SM Higgs can decay into Twin glueballs

----""'

Twin Glueball

Twin Glueball

L leRbihenidecay Dacciontness i

Twin
Higgs SM

Twin Glueball Particles
SIM




The search for displaced Higgs decays will be one of
the most important tasks for Run ||



BISPLACED SEARCHIES
N THE RS



DISPLACED VERTEX

« Search for a vertex in the

tracker that 1s not aligned secondary Vertex
with beam axis

« Sensitive to

50 cm »
R0l mim to 30 cm - —---L.. V ------------------------- ~—
P | : P
impact
* No Level | trigsers parameter

Iriggers require other
hard objects



DISPLACED VERTEX

« Search for a vertex in the
tracker that 1s not aligned

. | Secondary Vertex

with beam axis /
* Backgrounds include: .
...“xv b
» Crossing tracks _________________________
. | P P

* |nteractions with detector

material

* b-jets (ct ~ 0.5 mm)



S DISPLACED Difise

Search for long-lived neutral particles decaying to quark-
antiquark pairs in proton-proton collisions at sgrt(s) = 8 TeV

* Search for 2 displaced jets

- jet
with pr > 60 GeV | Secondary Vertex
(Leptons also counted as jets) o \ X
* Important cuts ﬁ
e 500 GeV (trigger) »
« mpy > 4 GeV (no b's) e hel -

B 4.5

B Sinost one prompt (IP
<0.5 mm) track per jet

* Dijet consistent with DV



ATLAS DV + muon/e/jets/MET

Search for massive, long-lived particles using multrtrack displaced vertices or
displaced lepton pairs in pp collisions at sgrt(s) = 8 TeV with the ATLAS detector

. Sgarch for displaced vertex u/e
with

N e \ X
« mpy > 10 GeV

» Trigger/cut on associated
object

EtienR o7 = 5o GeV
Blcciten, by — |25 GeV
== 80 GeV

 lets 4,5 or 6,
s 60 60, 55 GeV

jets /| MET




FHIC PROBES OF DRES

C. Gsaki, E. Kuflik, S. Lombardo, O. Slone, T. Volansky JHEP 1508 (2015) 016
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RPV SCENARIOS

BREGEI<Ed at cases
motivated by naturalness

» Light stops, gluinos, and
higgsinos

B GlAconsidered direct
production of LSPs

Topologies
LSP Decay Operator

dd N/ !

t 8% n’
der N, n
tdd + c.c N

g tuv+ c.c n’
tdl~ + c.c N, n
o (¢/b)dd +cc | N, n"

HY/HT (t/b)uv +cc n
(t/b)dl~ + c.c N, n




RECAST

e ntles— Madgraph—
Pythia— Delphes

B Eelieciclts and vertex

reconstruction procedure for
B S displaced vertex
searches

» Use displaced tracking efficiency
» Recast HSCP at parton level

* Prompt searches applied
directly

Topologies
LSP Decay Operator

CZCZ, A//, ,r,//

t uv n’
det N, n
tdd +c.c N

g tuv+c.c n’
tdl~ + c.c N, n
o (¢/b)dd +cc | N, n"

HY/HT (t/b)uv +cc n
(t/b)dl~ + c.c N, n




R — CIMSI—dIijetI
ATLAS—jet -
HSCP :
; HSCP: CS
= 103;— -------- TS _ C. Csaki, EK,
c ? ? S. Lombardo,
~ 102k ] O.Slone,
2 ? ? T.Volansky JHEP
10"k . 1508 (2015) 016
(N :
10—1: /: e e Y e T oot T L,
200 400 600 800 1000 1200 1400

(GeV)

Search for pair-produced resonances decaying to jet
pairs in proton-proton collisions at sgrt(s) = 8 TeV

(CMS, 1412.7706)
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PROBES OF
DISPLACED I—HGGS

92 (2015) 07
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DISPLACED HIGGS

- Look for Higgs decay to P i
two light particles \ p M....L ;
. Light particles decayto &7 e I
SM pairs / T
3 f

* Assume branching ratios
proportional to Higgs

- m,, = 10, 25, 40 GeV
couplings. 7



EXISTING CONSTRAINTS

« ATLAS search for

- S o T = AR
gecaysnithe HCAL N L gt S
gg L Js=7TeV ‘ : e e < - ]
5
« ATLAS search for ST el
. S = B
decays in the muon gt
System g — 10 GeV
o 107 e ‘ ATLAS
ERERICE search for o T JemaTev
displaced vertices 1 100 102 107 SRR
(O 2 6 ]cb_ |) 7, proper lifetime (c7) [mm]

(Bartlomiej Rachwal @ |/:20) Twin nggs BR~ 04



EXISTING CONSTRAINTS

8 TeV

S TEAS DV search Is not
sensitive due to strong

triggers for leptons, jets
and MET

« Recast CMS dijet analysis
- dedicated displaced
trigger allows some
gevcdoe, but =7 = 350
GeV decreases efficiency.

SR RIEKS LD boosted
or w/ISR

1985

(G,
-

I —
[E—

95% CL Upper Limit on oxBR/o g
=

Recast: C. Csaki, EK, S. Lombardo, O. S

Ry T | |
P -

!

lone
- p AR 7
¢ ¢ P

\ ° P
=R CMS . o o
"' Vs=8TeV (recast) _:°
.\ BN : '¢’,
AT e e
W 5
A\ P d
\ P
C §:~‘~ ‘-_-” > -
- 40Gev  — 10GeV -\ \\u
- 50GeV = — 25GeV ‘
- 80GeV  — 40 GeV ATLAS
Vs =8TeV
inl . P e S| £ P2 e 2. . VAR | : e | . .......I-
| 10! 102 103 104 10°

m, proper lifetime (ct) [mm)]

Twin Higgs: BR~10
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mpy (GeV)

RUN | SHORTCOMINGS

* Run | strategies not sufficient:

- Iriggers were too strong - required more energy than a typical Higgs
event

— Cuts on the displaced vertex too strong for light objects

* Need a more model-dependent search for lighter objects

Expected Number of Disp. Vertices (BR = 1%, m, = 10 GeV) Expected Number of Disp. Vertices (BR = 1%, m, = 40 GeV)

20 20
1
. . 1
IS5 I5¢ |
107" £
'2 -
10 0. QC 10} 44x10°5 10"
_ 10~2 _
D Rl -2
7.4:-10-4 1.2 1 10
| F
()i ) 62x10°6 . ] OF . R 11x10"4 = :
2 4 6 8 10 2 4 6 S 10
Arur.k



Propose new search strategies.



RUN I - TRIGGERS

» New CMS dijet trigger
geadior i to [0
cm. But new 4 x larger

impact parameter
than Run |

* For lifetimes smaller
than | mm, use
brompt triggers

Trigger

Trigger Requirement

Displaced jet

Hr > 175 GeV or three jets with pi'2° >
(92,76,64) GeV, |77j1,2,3| < (5.2,5.2,2.6)
with |n;,| or |n;,| < 2.6, and two of the
three jets satisfying m;; > 500 GeV, and
An > 3.0. A displaced jet satisfying pr >
40 GeV, at most 1 prompt track (2D IP <
2.0 mm) ?, and at least 2 displaced tracks.

Inclusive VBF

Two jets with |77j1,j2| > 2, e
N5, — n4y| > 3.6 and my, 4, > 1000 GeV.

VBF, h — bb

Three jets with pi*® > (112,80, 56) GeV
and [nj, , 5] < (5.2,5.2,2.6) and at least
one of the two first jets with |n;, | or |n;,| <
2.6.

Isolated Lepton

One lepton with pr > 25 GeV, |n| < 2.4,
and 3D IP < 1 mm. Isolation requires the
summed pr of all tracks with pr > 1 and
within AR < 0.2 of the lepton is less than
10% of the lepton pr.

Trackless jets

A jet with pr > 40 GeV and |n| < 2.5
matched with a muon with pr > 10 GeV
within AR = 0.4. No tracks with pr > 0.8
GeV in the ID within a A¢ x An region of
Q2% aUs28




FROPOSED SEARCH S TRATEGHSS

* Search I: Single DV with mp, =10 GeV and N, 4 =5 tracks based on ATLAS
search. Good for high mass =40 GeV

* Search Il: One DV with N, 4 =5, N0 mass requirement (allow softer
objects), but reproduce Higgs and intermediate particle masses

* Search lll: Single DV with mp, =4 GeV and N, =4 tracks based on CMS
search.

* Search IV: 5ame DV requirements as lll but within a displaced jet with 2-
prong substructure.

» Search V: Search for 2 DVs (N, = O) In the same event, comparable to an
ATLAS search.



COMBINED PROJECTIONS

Run II Projections, Vs = 13 TeV, 20 fb~!

1 > I I | yl

ok
5

(U
o
b

95% CL Upper Limit on o xBR /o g
=

[
o
N

1 101 102 103 10% 10°
7w, proper lifetime (ct) [mm]

C. Gsaki, EK, S. Lombardo, O. Slone Phys.Rev. D92 (2015) 073008

Can probe
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SINGLE DV

Projections for Single DV, Vs =13 TeV, 20 fb™!

[—y
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<
[
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O
[
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10-3L —_ My, =10 GeV_;
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— m,, =40 GeV

10—4.| R T Wl v, ot o | R Wb e | IV 5T SAR S| 271 S R L Y|
1 10! 102 10° 104

7, proper lifetime (c7) [mm]

- Combined Search lll and IV: sensitivity for case with just one displaced
vertex, assuming the second particle just escapes the detector.
Unconstrained by existing DV searches



WHAIT CANWE DO/

NG e < or a third _ Third Vertex

vertex from :
the B-decay. — Secondary Vertex

twin gluball ™.
* Improve triggers SILEEILEREELRRTILRRIA Y SOLRRE CPE et

* Robust model independent searches are excellent, but designed search

could improve the reach.

» “LLHCb has a unique coverage for long-lived particles with relatively small

mass and lifetime, because Its trigger makes only modest requirements on
transverse momentum.’ - LHCb-PAPER-2014-062
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