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Looking for Hidd_

Last two months:

CERN “impact of LHC data on future colliders workshop”
Preparation for the European strategy meeting on particle physics

London: “Rethinking the experimental strategy for SUSY-(like) searches”
Berkeley: “Searches for Supersymmetry at the LHC"
Firenze: “Searching for new physics at the LHC"

Davis: “"Hidden SUSY”

IPPP, Durham (January): "BSM 4 LHC"




Recent Discussions@ _

A special role of the third generation? Look for
stop, sbottom, stau...

Split SUSY with all fermion partners very heavy,
but light gauginos and gluinos

Compressed spectra, so we see only soft
particles

FSU(5)-like models, with O(10) jets.
Dark Matter related searches with low jet
multiplicities

Gaugino production: Multi-leptons/no jets




Recent Ildeas@ worksho-

Which model regions are we missing now and
should we try to ‘recover’.

More weight on optimizing 3" generation searches?
How well do we understand ISR (TH/EXP)?
Optimized lepton analyses: benchmarks?

Many jet analyses (>= 8)? Many jets + lepton (S;),
no MET, triple b-tagging

Study boosted objects?

Special signatures (LLPs, GMSB, stubs, kinks...)
Running: few 100 pb-! with low pile-up conditions?
2012 energy: higher energy or same energy:
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"Data are coming! Data are coming!”



Theory Space Prior to Data .
Murnyama LP 2003( 2011: LHC Impact

M. Schmaltz  Note that during 3-4 years BC

. (Before Collisions) we —LHC
experimentalists- got more
models to deal with than we
needed...

Some theorists found it a
challenge to invent a model
with signatures difficult for

the experiments:

heavy stable charged particles,
hidden valley models, Quirks...

NOW WE STRIKE BACKI!

But remember that these
are still early days!!
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Higgs Summary So Far NI

Example CMS
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Higgs boson mass (GeV/c?)

Expected 95% CL exclusion mass range: 130-440 GeV
Observed 95% CL exclusion mass range: 145-216, 226-288, 310-400 GeV

Combine ATLAS+CMS (Mid November)?
Next: full 2011 data analysis Spring 2012? LHC+Tevatron combination?




M, [GeV]

A Light Higgs: Consequ-
A light Higgs implies that the Standard Model cannot be stable up to
the GUT or Planck scale (1012 GeV)

The effective potential
blows up, due to heavy
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N —— Perturbativity bound t0p quark mass
- [ ] Stability bound
300 A =21 [ Finite-T metastability boun
- =g I Zero-T metastability bo -
- _— Shown are 1o error bands, w/o theor. Allowed Corrldor
: but needs strong
200 [ fine-tuning...
150 - - ‘
 Ler occu " The electroweak vacuum
is unstable to corrections

100, =5~ 8 10 12 14 16 18

log (A/Gev) | from scales A >> v= 246 GeV

New physics expected in TeV range




Search for BSM

: Double Charged Higgs
MSSM Higgs — Tt

CMS Preliminary 2011 1.6 fb™

Q0
_

% S I Excluded by Tevatron or LER|
E 95% CL excluded reglons CMS Preliminary o CMSVE7 Tev f oo’
......... [] CMS observed BR(®™ 0'0'}=100% .
T ---. .. 21': St|-|eexopreyc ed BR(®™ -~ e'u")=100% ¢
N D0 7.3 b BRIO™= ww)=100% ’
[ LEP BR(®™" - &r")=100% *
MSSM m;®* scenario, M., =1TeV BR(®™— u')=100% .
200 250 300 350 400 450 500 :::"m;;::‘:‘y )
mA [GeV] BP2: inverse hierachy ¢
BP3: degenerate masses
BP4: equal branchings

1 1 1
200 250 300 350
Lower limit on mass of @** [GeV]




SUSY Search: Jets + Missing E- C-

Limits in a simplified model
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Simplified model with two q
generations, m(y, %~0

m. »800 GeV. m. »850 GeV
Equal mass case: m. m »1 075 TeV

Up to masses of 1 TeV excluded for equal gluino-squark masses
Extends the 2010 data limits by ~ 250 GeV

Using 1 fb
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Limits in CMSSM

MSUGRA/CMSSM: tanf = 10, A = 0, p>0
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MSUGRA/CMSSM: tanB=10, A =0, p>0

Equal mass case: m_=m_> 980 GeV




Remember: LHC, HL-LHC _

~2005
5o contours

Impact of the HL-LHC < 3000 .

& CMS E"T"ss+ jets ;

Extend the discovery region £ »500 E; s
for squarks and gluinos by v

roughly 0.5 TeV, i.e. from 4 N _1

~2.5TeV — 3 TeV 2000 - Sizg’Tev":'m.fP_ ...

R gla000)
This extension involved high E §
jets/leptons and large missing E; i
— Not much compromised by H

increased pile-up at SLHC

Vs=14TeV : 100 o', 200 b

tanp=10

m,,, universal gaugino mass at GUT scale y
universal scalar mass at GUT scale  ° 200 1000 15°°m (G:";OO
0

m,:




SUSY Searches (Example C-

O-leptons | 1-lepton OSDL SSDL |23 leptons |2-photons | y+lepton
Jets + MET Single Opposite- | Same-sign | Multi-lepton | Di-photon + | Photon +
lepton + sign di- di-lepton + jet+ MET lepton +
Jets + MET |lepton + jets | jets + MET MET
+ MET
Large SM backgrounds Low (L ,)

sensitivity to
gauge-mediated SUSY

i sensitivity to strongly produced SUSY
All Analyses (CMS)

Ns=7TeV,[Ldt=1.11b" Having a large number of

" CMS Preliminary

[ Jiep2 7

Jets+MHT

Different approaches for ATLAS
and CMS (healthy!)
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So far bit too much emphasis on
“optimizing” for CMSSM (beauty
contest?)
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Interpretation in Simplifi-

Ranges of exclusion limits for gluinos and squarks, varying mCx'°)
CMS preliminary
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100 200 300 400 500 600 700 800 900 1000

Mass scales (GeV/c?)
For limits on m(§), m(§) >> m(g) (and vice versa). 0" = "2,

m(g) + m(z’)
o]

m(f), m()”(D =

m(z) is varied from 0 GeV/c? (dark blue) to m(§)-200 GeV/c? (light blue).

How to present best the experimental data?

Clearly an important discussion with the community; see also eg CERN workshop




Search Ranges

ATLAS SUSY Searches™ - 95% CL Lower Limits (Status: BSM-LHC 2011)

MSUGRA/CMSSM : O-lep + s + £ .. 45 mass ATLAS
MSUGRA/CMSSM : 1-lep + s + £ .. Preliminary

MSUGRA/CMSSM : multijets + £ gmass (for m(3) = 2m(g)) ILdi =(0.034 - 1.34) o’

T.mss
Simpl. mod. (light .} : Olep + j's + £, .. §=§mass Vs=7TeV
Simpl. mod. (light £} : O-lep + 's + £, Gmass

Simgl. mod. (light x"ﬂ) (Olep+is+E; .. g mass
Simpl. mod. {light ‘Z(:) :Clep +bejets +j's+E, .. § mass (far m(b) < 600 GeV)
Simpl. mod. (§—»ﬁi‘:) “l-lep t bejets +j's+E g mass (for m(i?) < 80 GeV)
Pheno-MSSM (light £) : 2-lep SS + £ ., Gmass

SUSY

Pheno-MSSM {light 72‘,') 124epOS_ +E, ., G mass

Simpl. med. (§— aG7 )} : 1Hep + s +E .. %" mass (for m(@) < 600 GeV, (m(x ) -m(E )/ (m(F)-m(z" ) > 112)

GMSE (GGM) + Simpl. model : yy + Er_ & mass (for m(bino) > 50 GeV)

mes
GMSB : stable t

Stable massive particles : R-hadrons

g mass

SNBSS

Stable massive particles : R-hadrons

Stable massive particles : R-hadrons

Umass the search is well
sgluon mass (excl:mg, < 100 GeV, my, = 140:U|$d.@|'way

v, mass

Hypercolour scalar gluons : 4 jets, m, =m_

RPV (1,,,=0.10, 2, ,=0.05) * high-mass ep
Bilinear RPV (ct o, < 15 mm} - 1-lep +j's +E ., §=gmass

1 1 llllll | 1 1 llllll | 1 1 Illlll | 1 1
10" 1 10
Mass scale [TeV]

*Only a sefection of the avaifable results feading to mass limils shown




Theorists Translation

Limits, limits everywhere...

0 500 1000 1500 2000
T L e L L L B R
| bino | | E Summary of limits on
| wino | | ! GGM NLSP types with
" higgsino (Z—rich) | | ! gluino production
&8 I
| higgsino (h-rich) | | i Kats, Meade, Reece & DS
| chargino I | : (1110.6444)
| slepton (flavor dem) | | H
[ slepton (taurich) | | i
| gluino | :
| sbottom | | E
| stop | | E
0 500 1000 1500 2000

Gluino mass [GeV]

Where is SUSY hiding??




...oome Interesting E_

! CMS Experiment at LHC, CERN

i| Data recorded: Tue Oct 26 07:13:54 2010 CEST
Run/Event: 148953 / 70626194

Lumi section: 49

Orbit/Crossing: 12688625 / 466

*Event with five jets and large missing transverse energy
*Total sum of transverse momentum H.= 1132 GeV and
missing transverse energy Hqyies = 693 GeV




Impact of LHC Summer Results o-

Simultaneous fit of CMSSM “Predict” on the basis of
parameters mo, My Ao, tanp present data what the preferred

(u>0) to more than 30 collider ) ) i )
and cosmology data (e.g. M, region for SUSY is (|n constrained

Mo 9-2, BR(B—X3), relic MSSM SUSY)

density)
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m,, [GeV/c?]

1500

1000

I N I R R
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Buchmuller et al. arXiv 1110.2529
Include the 1 fb! SUSY searches (jet+MET), B.— u« ¢ and XENON100

X 2 probability: P( x 2) for CMSSM
Before EPS/LP11: 43% Including EPS/LP11 results: <16%

LHC direct searches significantly constrain allowed CMSSM parameter space!




Whatis Next?

* Think beyond the simplest or
most constrained models and

optimize searches A lot!!
— pMSSM

— NMSSM

— Degenerate mass spectra
— Light 3@ generation

— Split SUSY

— RPV SUSY e Important to push limits up, but with more statistics
more important to systematically close windows for
light sparticles with suppressed xsec...

Missing something?

 How much of the “theory space”

do we really cover? May have to / eg\ \

revise our searches for other

, “Flavor-Split” spectra “Squashed” spectra Low MET
scenarios (heavy 1st-2nd gen (everything below scenarios
squarks, gluino below @ ~500GeV but splittings @ (not necessarily
. 1-1.5 TeV, light 3rd gen) @ are small, O(10GeV))
« More ideas at the LPCC L

Workshop@CERN (Aug‘11- June *12)

LHC Implications for TeV scale physics




What is really needed _

N. Arkani-Ahmed
Conpeliog At SUSS

CERN 1/11/11

Papucci, Ruderman, [Soo

Weiler arXiv:1110.6926 \x j

LHC data

Stops > 200-300 GeV "E ’I;
Gluino > 600-800 GeV “Hoo h LR

Natural SUSY survived
LHC so far, but we
are getting close
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a natural spectrum J. Ruderman

B
W TDiIzzziiiiz

natural SUSY | decoupled SUSY

Barbieri, Dvali, Hall 1995.
not a new idea: Dimopoulos, Giudice 1995.
Cohen, Kaplan, Nelson 1996.
etc



Recasting Publishe_

(lefty) stop v bino

Left—Handed Stop / Sbottom

CMS az, 1.14 fo™}
CMS Hr/MET, 11f67] 27

CMS Mz, 1.1fb7!] ( -
DO bb, 52 fb™! W

"'
S

*
o
82

...........................

‘Generic’ analyses in the

experiments have a say on
this!



Recasting Publis

gluinos decaying to stops and sbottom

Higgsmo LSP Bino LSP
900 ——— i " " " 900——— Y " " Y
i i . Lo N CMS Hr/MET, 11fb
i i T T P T N CMS SS, 098 fb?
800 H i CMS Mp, 11871 ] 800F i Cy CMS b 134!
i ATLAS 11, 104 fb! / 1 ' ’ ,
i B 7 ATLASH 0838 ! Lok ATLASD, 0.83 fb
’ ] 700L % i N ATLAS b+l, 1.03fb" ]
i (+ expected)

-

T

Nyt
N

po=200GeV ]
M1 = 100 GeV

e We find limits that are still consistent with ~1/3 fine

tuning. mg > 100 GeV
m; 2 300 GeV
mg 2 700 GeV



So SUSY is Fine!

Off record comments...???

Somewhere between denial and anger right now...?

24



Model space coverage: pM-

Scan 107 pMSSM points with masses < 1 TeV and analyze “"ATLAS"” way

The Undiscovered SUSY |
Why Do Models Get Missed by ATLAS? 45

Some of the most common contributing reasons are :

 small signal rates due to suppressed c’s which are possibly
correlated with ‘larger’ sparticle masses

- spectrum forbids hard leptons in cascades & nj0l buried in
systematics

- small mass splittings w/ the LSP (compressed spectra)

- decay chains long or ending in stable sparticles —»low MET !

- inaccessibility of direct electroweak gaugino production

- will comment a bit about each of these

— BUT there are many more subtle situations that have to
be examined on a case-by-case basis 10




Model space coverage: _

Example of a ‘failure’

Example: Very Degenerate Spectrum

1100

Mass / GeV

---

------

A nightmare waiting to happen...

Heavy LSP + all <~ 1 TeV




Model space coverage: pMSSM StUdEEE

Particles below 1 TeV

- What fraction of the model sets should not (yet) have
been discovered ??

— The coverage is quite good for both model sets !

Flat priors Log priors

100% error
50% error
20% error

o ”l100%'err¢'3r
50% error
20% error

Percent missed by all analyses
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Compressed Spectra

D. Stuart

Theory 1deas: Compressed spectra Steve Martin
For low compression, signal E (4 jets, inclusive m.g) wWins, but as
the compression increases, B (3 jets) and then A (2 jets) take over.

- T : —
FHeavy squarks Heavy squarks

* 1000
S00 +H
+~— 800 |]
- 700 ||
MGIumo_ 600 |
=500 1
400 ||
|+— 300

*—+ 1000
900 H
= 800
w700 |]
MG\uino— 600 |1
*— 500 |7
400

«—= 300

]

< o N B S Y PP B P L PPN | P
0.005"200 400 600 800 100071200 ~ 2-90% 200 400 600 800 1000 1200
Maiino = Misp (GeV) M Mgp (GeV)

(4 jets, m_,_>1100) acceptance

8
c
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Q.
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Q
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(4]
(=)
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o
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A
L)
=
2]
2
N

Gluino ~

SUSY Status Report, D. Stuart, Nov. 2011, Hidden SUSY, UC Davis 28



Compressed Spectra

Rethink search strategies to optimize better for such scenarios

Theory 1deas: Compressed spectra Steve Martin
Suggestions:

e Require fewer jets (or lower p7 threshold for
subleading jets), but sum over more of them in

defining meg,
AND/OR

® Choose lower cut on meg (750 GeV?), and a higher

cut on E?iss /Meg (0.35?) to compensate.

e Collect more data and be patient...

29



New Analyses...

Multi-leptons 3 or 4 leptons —
53 categories with low/high
MET/HT, with or without Z veto Multi-jets: 6 to 8 jets

i [ %452 23407 a4 [13s04
| YA T G046 | 007
! W [[095w045 | 0% | 03ex024 | 000
. +1.8 +0.75 +0.75 +0.75
CMS Prellmlnary \l§ 7 TeV, L, t_ 2 1 fb1 l
— . +4.4 +09
S T emloLcistme '_ COF 1.7 mpe Total Standard Model || 39+9 | 2377 | 266 | 13%2 |
P L N [ )
8 400 B —NLO 25’2&& ?1(:; a |:] LeP2 X1 i
= — NLOobserved 2010 , [_J1Ep2 T |
[ ¢ I D0 %, _
S ]
300 N —

200

Experiments push on...
More to come this winter!

L N Based on 4.7-5 fb1 I

Some small excesses in data in 3 lepton/Z veto
S 30
channels but less than 2 o significance




Searches for the Third G-

ATLAS-CONF-2011-130

® EXte ] d th e sea rCh es u S| ] g a I SO to 600 §-3 + Tt production, § — +t, T, b+, | Ldt=1.03 16" \'s=7 Tev
; :l TTrT I LI I LU I LU I LU l TT |L ICILlolblsérlveIdllllrnlltl I TrT |:
. . [0} o .. s imi 3
leptons and jets coming from b-quarks S, ss0 £ ATLAS Preliminary et
b - £ s 1 e |
C >=1b-tag, 600Gev v =
* Sensitive to different part of the BT E
S U SY h = m() =60 GeV, m(F) ~2 m(i) ]
phase space 00 e oo E
350 (- =
o0 : O — i' t 300 - 3
gg(production) g 1 - E
20 & =
g —_— bbl ~ b ~ :t 200 ;— “““\‘-_.-»-“‘F{eference p§in1 l,/" __E_
2 I 20X wr »n. E
b — 0 - 300 550 400 450 500 550 600 630 700 750, &0
ATLAS-CONF-2011-98 X1 m, [GeV]
g9+ B‘-S, production, 51—> b+)”(? J Ldt=0.83f6'\s=7 TeV SO(10) DR3 model L™= 0.83 fo " \'s=7 TeV
; 1000 :I 1T | T TT I L | T TT l T TT I LI CLIOLéekéJ Iilrn;t 1T l: S ] T T T T I T T T T l T T T T I T T T T I T T T T I T T I| T I T T T T
3 - ATLAS Preliminary ... CL expected imit z 0 — IO Prospino i
= 900 — T 68% and 99% C.L. — g - —4— Observed limit 95% C.L. |
én— E 8-!e{3ton,|3 fets 2hz>ép(eacéegbl_l‘r)mts E ‘3 L --¢-- Median expected limit i
800 [~ Cetanalyses . — 9 ---- ATLAS (35 pb")
C m('i?) =60 GeV, m, ,)>>m(g) . ] [}
C ; o 7] )
700 — = e 10
E [ | coFbp 2es e ] o C
6005_.D0b1b 5.210" _E I N N
500 E_ \:| CDF g3, »bb2.5 f,b;\?' ----- —E : 0 lepton, 3jets T
400 - .agz:ﬁ" _: i b-jet analyses
300 - / E ATLAS Preliminary
- - . _ - _] 1 1 L 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
200 _I 11 1 I 11 1 1 I 11 1 1 I 11 1 1 I 1 1 1 I 11 1 1 I 11 1 1 I 1 1 1 I 11 1 1 300 350 400 450 500 550 600 650

100 200 300 400 500 600 700 800 900 1000
. [GeV] m; [GeV]

Gluinos have to be heavier than ~ 550 GeV from this search



Search for Gauge Medi

x — Gy
m 2 photons (p;>30,20GeV)

m E™ss> 125 GeV

- Nsigna1=0

® Npackgrouna=0-10 +0.04(stat) £0.05(syst)
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i (IR R] { = eV
(x100)
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'1‘5111 .
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10" SiiLo
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RP Violating SUSY Sea

pp 2> QQ Q=g
|=— 1
e Sparticle decays into 3 jets
® @ @ Use a diagonal cut to remove
combinatorial background as well as
= QCD background:

“Correct” triplets lie along 4 mm < 2 Ipr(‘l'rlplef)l - o (Offsef)

horizontal line

4 3Jet .
= |pre| arXiv:1107.3084
cMS J'L=35.1 pb”'
o _— e R
3 CMS, 35.1 pb™
—
g = Data (= 6 Jets) '8.
hay — Exponential Fit Function ~
8wk -+ 250 GeV/c? Gluino Model e
‘E :’* Offset A = 130 GeV ] X 5
w ¢ $ p 10°
0 4 = L
.8 E ........
g 10— + - =
4 —
b 3
o
R o~
& 10k
1 == H
S W T S S I S Moy PR B O S S T ——
0 100 200 300 400 500 600 700 800 200 250 300 350 400 450 500
M, (GeV/c Three Jet Mass [GeV/c?]

No signal for gluino masses up to 280 GeV
High mass excursion is less than 2 ¢ taking into account look elsewhere effect




Z’ — tt Search -

*Search in the all hadronic decay channel for the tops

*Tops are boosted for high mass Z', jets merge

Start from Cambridge-Aachen FAT jets and apply jet pruning to find sub-jets
*QCD background estimate from data (mistag method)

CMS-EXO-11-006 Particle flow an asset for this study!

. ' | ' Exclude KK-Gluons 1<M<1.5 TeV

_CMS Preliminary, 886 pb latVs =7 Tev

—l

—_ LN I T Ei
.8- COniunedtypehI & 1+2 =
2 o s ObsiErved (95% CL) 3
pt 47.8 GaVic, 1
b-tag discriminant 4.2 (E —— Expected (95% CL) i
_T 10¢
. u .....
V m M S, s ssmsmss
-~ < \\
| X \
ST
\ N = e,
. Jot 2: Jot Pruning 1 © — MR
o Pt 484.3 GeVic, — ‘e
mass = 66.8 GeVic2 = ‘e
Jet2 + 3 : Mass = 167 E — ‘a ...
Top T R — oy N
e 3 RS
mass = 186.7 GeVic2, o 10 ? .....
mi k__:ﬂ&\/l& 8_ 1 | 1 1. ..‘I |~ il 1 |
Q 1 15 25 3
>




i Top NLSP In

8 8 (b)
6 6
140
S S S0
O 2 O 2 . o L
° = N e
& o @
. N L
22 L 2. LLiEe g
Ny N4 Y T e |
-6 Signal MC 6 T =
2Zi* Tt MC -
I M(110,90) I 4 Ewo»
864202468 864-202 468 L
SWW(AM=20 GeV) SWW(AM=20 GeV) E
801
sENEEN-] - L L H
8 .- (c) [ LB%'};‘I m.l«:
6 L ~DJRun'l |
<4 80" Lepn :
3 2 I excluded
& B 3 H
i o 40 LEPlexcluded
32 60 80 100 120 140 160 180 200 220 24|
Na Scalar Top Quark Mass (GeV)
-
8
86 4

20 2 46 8
SWW(AM=20 GeV)

DO publication did not provide enough information (e.g. the
definition of these discriminants) to allow us to reinterpret this
search.

It would be very interesting for DO to apply this analysis to stop
NLSP it could a strong limit!!

Suggestions for future analyses

The b-jets from light stops are soft: The transverse mass of the

W is a good discriminator:
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Results: LHC

(Kats, Meade, Reece, DS 1110.6444)
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ATLAS ttbar+MET will have
good coverage over widest
range of stop mass.

A surprise:a number of |/fb
SUSY searches could be
sensitive to light stops!
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There are still no firm LHC limits on direct stop pair production.
Stop could still be lighter than the top??!!
(for details, see 1110.6444)
® mT2: generalization of W transverse mass P
to events with double decay chains ending N
in invisible particles. UTM
(Barr, Lester, Stephens, Summers, ...) N
Y eeeeeeeenes » P,
® mT2 has been used for measurements of
top properties, but in all cases, the full
event was used (leptons+bjets+MET).
Expect an endpoint at the top mass, but
combinatorics is an issue. Y Npeeeeeeeeee- »p
N

® ttbar is the dominant background to stop
NLSP, especially at the LHC. We propose
computing mT2 using only the leptons B
and MET to reject ttbar background.
Expect an endpoint at W mass and no
combinatorial confusion.

(figure from Cheng & Han
0810.5178)



Collective

RPV through interaction with new fields J. Ruderman

collective RPV

W D AudD + X UdD + A\3Udd

* any decay from a superpartner to SM fields must use all three couplings

* but only one couplings needs to be
probed at a time, if the decays are
sequential

mg, > mp > Mg

Expect many objects
g Soft?

* probing more couplings means . :
higher-multiplicity final states: N 1= 5J




there are many other ways to
implement cRPV

W D AN IUE 4 Ay LIE + AsLle

a lepton factory!

N1—>4l+11/
20 + 3v

4, 6, 8 leptons per event




B. Heidenreich

@ LHC pheno will depend on LSP LSP

@ LSP not stable: can be charged, colored!

@ Up-type squarks: m2 =m2, (

1+ av,Y] + BYav) 5Y,
5*YJ 1+’7YJYu

soft

’ i ’ i ’
o Down-type: s — (l+aYuYu+ﬂYde &' Y4 )+

8%y} 1+4'Y) Y,

@ One stop naturally light; b, also possible LSP

@ stau LSP — nearly degenerate spectrum

@ Neutralino, chargino, gluino also possible LSPs




4 jets, two of wich are b’s 3

b
ery ~ (2 pm) (u,},—",_c,)4 (20Y) (1)

90%b+s, 8% b+d, 2% d+s

@ Generically prompt (no Hr, no displaced vertices)

@ No tops / leptons in final state. .. more b-jets, resonance?



Small MET

M. Reece

The “stealth” sector
should remain nearly

supersymmetric
flavor blind
. ' -.,.uterm Msusy ~ MEwk,
mediation L
 Msusy ~ &€ MEwk
weak
MSSM / stealth coupling

€




LHC Limit
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Long Lived Particles

Split Supersymmetry
Assumes nature is fine tuned and
SUSY is broken at some high scale

The only light particles are the Higgs
and the gauginos

- Gluino can live long: sec, min, years!

- R-hadron formation (eg: gluino+ gluon):

slow, heavy particles
Unusual interactions with material

eg. with the calorimeters of the
experiments!

Gravitino Dark Matter and GMSB

In some models/phase space the
gravitino is the LSP

= NLSP (neutralino, stau lepton) can
live ‘long’.. Displaceded vertices

=> non-pointing photons

- | of the cavern, or dense ‘stopper’ detector.

Hidden Valleys , RPV,...

R-hadron

wLepton-like HSCP

K. Hamaguchi,M Nojiri,ADR hep-ph/0612060
ADR, J. Ellis et al. hep-ph/0508198

I 7
) e
) - | = )
= 4
// AV aa: VNN
i

Sparticles stopped in the detector,walls

They decay after hours---months...



Triggers....

G. Watts

triggering is grim..

... and getting grimmer

bunch spacing, protons in your favorite rate limit

bunch, beam tunes and trigger squeezed driven by $$
focus here disk, cpu, etc.

unprescaled @ end of 2011

em: 1e@22, 2e@12, 1e@12+2e@6, 1Y @80, 2y @20, 1e@20+ENSS > 40

muon: 1u@18, 1u@40sl, 1u@15+1u @10, 1u@15+57'-"i55 > 30

tau: 1T@125, 1T@29+1T@20, 1T@29+EMVSS > 35

jets: 1j@250, 3j@100, 4j@45, 5)@30, 1j@75+E{~"i55 > 55, 1j@100+H > 400,
4j@40+Hy > 350

combo: 1y@18+1j@10, 1e@5+1u @6, 1T@20+1e@15, 1T@20+1u@15

43



“Hidden Valley”-like triggers

calorimeter

muon spectrometer

Maybe SUSY/New Physics is “hidden” in such topologies ”



scale [2]. Additional scenarios allowing for such a sig-
nature include split-supersymmetry [3], hidden-valley [4],
dark-sector gauge bosons [5], stealth supersymmetry [6],

displaced vertices

displaced vertex
SUSY++

L=33pb~?

e Eventzelection
Vertex selection
Muon selecton

>
Q
=
Q0
O
b=
w

s N,
. A * v, ’
trigger WA URITY.
gg : ¢~’¢b 4“&4&*‘

*

vertex reconstruction

® Eventselecton

ArLAS simulation B Verter selection

700 GeV g, 108 GeV /“’ 4 Muonselecton

standard

use tracks that have no pixel hits . s
. . . - SN L

reject vertices near material <y § ¢ ! ,6%*:‘,,

Efficiency

efficiency
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Search for RPV

Using events with a
“displaced vertex” ’

" /Beam f)i ' @

ATLAS

preliminary

- Event from a jet-trigger data sample, where a high-
. mass vertex (circled) is the result of an apparently
L Run 165821 random, large-angle intersection between a track
po, Event1605517 and a low-mass hadronic-interaction vertex
produced in a pixel module. The beampipe and
some pixel modules are shown

Pixel modules

;‘50 T T T T 1T T T 1 B [ AL B
8 45 3 &1 ? Theory expectation
1 . . : w
2 40 Signal Region ' E P ATLAS
o (Extends to == in x and y) E * _ preliminary
E 35 E S 10 fl.dt=33pb o
S ATLAS 3 = _
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> 25 L 2 1k
fm:sapb E o f
20 g o [ —=— 700 GeV g, 494 GeV'i? E
15 E 10" —— 700 GeV, 108 GeV ¥’ No signal found
10 [ —— 15TeVq, 494 GeV Y,
5 = 102 150 GeV g, 108 GeV';‘E:J
0 : l | 1 1 | | 1 1 1 bl Lol Ll L
2 4 6 8 10 12 14 16 18 20 1 10 10°
Number of tracks in vertex ct [mm] ¢

» (O * detector acceptance * ¢
<0.09pb @95% Confidence level




Search for Stoppe

m Qut-of-time decay of heavy particles stopped in the detector
®m [ ook for signal without collisions:

- When no beam in the machine CMS-EXO-11-020
- Between bunch trains Too short-lived Too long-lived to
- @& & — - — — to be out-of-time ~ Nave decayed yet
“50ns 100 ns 1 month
S ok T '<_Ga_p — |
DUlIC 1all e} S e e
50ns_480b+1small_424_14_468_72bpittinj L= 38 pb” S jgr | OMSPeluhay20t 0% CL Lmte:
L e e T By SIS B i .‘lm:a%m1 -.-wapemdsd:c:gﬂ?péx
E CMS Preliminary 2011 L g,;ﬁ,?;g; (= 1ps) E . l I.,E‘,",'-L:i;:l()s‘3 cem?s™! Expected:ZU.: Cou“mngga‘;
- . . - i ~ Ns =7 TeV — Observed: Counting Exp.
: Lifetime =1 s | & | mememoceve  Chmaeee Thnag et
- . l? NLO+NLL (m_= 300 GeV/c”)
- E g
- 3 T N v j
C | X | \ 1 E 107 1;)‘ 1;‘5 1(;" 1:)‘3 3(;" 1;)" 1 1‘0 1;)2 1:)3 l;)‘ 1(;5[1i)°
0 500 1000 1500 2000 2500 3000 3500 - Llfetlme [S] 1

BX

Bunch Crossing # 13 orders of magnitude!




Search for Stopped_

Search for Heavy Stable Charged Particles that stop in the detectors
and decay a long time afterwards (nsec, sec, hrs...)
Special data taking after the beams are dumped and during beam

abort gaps CMS-EXO-11-020
r cMS PreI;minary 20; 1 ;5% oL Lm;m [ CMS Preliminary 2011 95% C.L. Limits
]'L dt=886pb’ = -------- Expected: 10 us - 1000 s Counting Exp. f Ldt=886pb" ~  -oeeeee- Expected: 10 us - 1000 s Counting Exp.
102 I 102 | [ Expected +10: 10 us - 1000 s Counting Exp. E

[ Expected +10: 10 us - 1000 s Counting Exp. E

F L7 =1.3x10% cm2s”
Expected +20: 10 us - 1000 s Counting Exp. ] [

E max _ 3 2.1 ]
Fline =1.3x 107 em®s i Expected +20: 10 us - 1000 s Counting Exp. ]
L \s=7TeV

Vs =7TeV — Obs.: 10us - 1000 s Counting Exp. — Obs.: 10us- 1000 s Counting Exp.

[ m - m, = 200 Gevic?
10

Obs.: 10 us Timing Profile

My - me = 100 GeVic® = Obs.: 10 us Timing Profile
10

NLO+NLL§

o(pp — 89 x BR(@ — gx) [pb]
o(pp — T x BR{E — t1°) [pb]

NLO+NLLT

1 -1 ) " " " | " N 10-1 1 1 1 1
0 300 350 400 450 500 550 600 650 700 300 350 400 450 500 550 600

m, [GeV/c?] m; [GeV/c?]

95% CL Limits: Stopped Gluinos > 600 GeV, Stopped Stop quarks> 337 GeV




Suggestions at this work-

-Analyses with multi-b’s, 3 and more, (3 b-resonances?)
*Going beyond cut and count: shape analyses...
*Monojet analyses for SUSY

*Rethink Search strategies for compressed spectra.

[ eptonic MT2

L ook out for stable charginos? Stubs? Other long lived
particles?

*RPV with heavy flavor? Four jet resonances? 4 or more
leptons? Boosted jets & jet substructure analysis

| ook out for stable charginos? Stubs?

*4jet events with two b’s (stop anti-stop production in MFVS)

Triggering remains an important concern

Analyses relying on ISR: how well can we rely on programs like MadGraph?




Data/Results P_

How can LHC data be maximally useful/usable

-Simplified models: are these really used? Suggest more
SMS/analysis channel

- An experiment certified fast simulation ? Not likely

-Acceptance maps and cuts stored with each analysis?
Possible (e.g Rivet)

- Recast of analyses? Not for some time I think...




Next: LPC Workshop on_

There will be an LPC workshop on 28 November (2 p.m.) to collect all
information regarding requests for 2012 running from the experiments in
preparation for the Chamonix LHC workshop at the beginning of Feb. 2012.

Machine parameters:

-what energy ? (3.5 TeV, 4 TeV)

-which bunch spacing ? (50ns, 25ns)

-which beta* in IP1/5 ? (0.7m, 1m ?) * crossing angle, geometric factor,
operational efficiency (tight collim settings!)

-transverse emittance, bunch length?

-Draft schedule 2012




Thanks! 8

To the organizers of this meeting
The UC-Davis folks!







