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Group CO- convened by George Redhnger (BNL) &
Pascal Pralavorio (Marseille)

. Three Subgroups:
* Missing-ET based signatures

L R-Parity violating and long- hved (RPVLL) state
signatures

. SUSY background forum (no complete analyses)

"{
'>

N l ! \ 5 el




O%go in g ME T—B as €\d

Analyses are signature-based:

- Monojets’

- PLoio (s)” (result posmble for 2010 data)
° Incluswe T P

Co-ana1y31s with Exotics group (that s.a d1fferent
phys1cs group-altogether)” -




* Displaced Vertex Analyses
» Stopped Gluinos
» Lepton-Based RPV

» Kinked/Disappearing Track.Search
 Long-Lived Muon Spectrometer Signals




Basre Elements of et
Physres Analys1s

e [dentify an mterestmg signature (€.

'1__

g, photons +

* Find a model with which to optimize signature

ET)

< « Find a model with which to interpret (for now null}.tesult

. » Models typically “simplified” according to either physies
“ motivations (mSUGRA, GMSB) or ad hoc reduietions to a

few quasi-empirical parameters (decouple all seales except, =
e.g., gluino, generalized squark, and gaugino mass, can also
. tune model with more parameters to do your brddmg)

g
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Models Used! (for 1ﬂsp1rat16n ’
o and/ or analy51s)

<L ® mSUGRA/ Constrained MSSM

o “24-parameter’> CP/flavor conserving MSSM

< « Generic MSSM parameter space (four degenerate light
- Quarks, glumo octet, LSP)

~» Generic GMSB (*GGM”) space (light-gluino octet,-light

- ‘Bino NLSP, gravitino)

* Non-contextual SUSY partners (tau’sneutrino, stop

~'sbottom, hadronizing seolored particles)

/N

v S o ) ¥, " N i d
4 e W‘% -, ,,. [ . X i /l » ; . ‘\
a . o ! ~ 4 I‘
- . ) - o " R

z/’" A
oy \



SPGCIﬁC Example J éts

Define four experlmental signal reglons A,B,C,D sensitive to
light ~q~q, heavy.~q~q, ~g~¢g, and ~q~g, respectively.

Number of required jets >2  >2 >3

Leading jet pt [GeV] > 120 > 120 > 120
Other jet(s) pr [GeV] >40 >40 > 40
EXSS [GeV] > 100 > 100 > 100
Ad(jet, PR )i >04 >04 >04
E!Piss/”leﬁ' > 0.3 - >0.25
Mmeg [GeV] >500 - >3500
mr [GeV] - > 300 -

s
~
—
—
)
)
O
75
)
[a)
p—
=
N’
‘=
)
L
O
75
=
.
o
[

m., 1S max (among all jets) lower bound on jet+MET mass

-t

gy Is sum;of MET and Jet energles
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Mo@els Used For Ctln’nzaﬁonw 4

: '-.“-'; e
Py :

Signal region definition (“optimization’) based on
simplified model i which 4 degenerate’squarks.and gluino

octet are light, decaying 100% via
~ ==X &g QX

“ where %" is LSP

=>» “Simplified’> model
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T I I T T T T I T T T T T T T | T T
. Dat32010(\ps 7TeV)

1 —— SM Total
JL dt~35pb []QCD multijet

. . [ W+jets
Signal region A Bl Z+jets

[ tt and single top
s SM + SUSY reference point

e Data 2010 (\;s 7 TeV)
1 —— SM Total
JL dt~35pb [ QCD multijet

. . [ W+jets
Signal regions C & D B Z+jets

[ tt and single top
= SM + SUSY reference poin

Entries / 100 GeV
Entries/ 100 GeV

ATLAS

lIlIlIII Illllllll IlIIIIlI| IIIIIIIII IIIIII"] lIIlIIllI TT

DATA/SM

500 1000 1500 2000 2500 3000

My [GeV]

P Model shown is for (m_g,m_,) = (430,440)
7 W and 1sseasily excluded
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3 C | - ATLAS L™=35pb"Ns=TTev ] 8400 LATLAS  L™=35pb"\5=7TeV  mmmm Observed 95% CL limit ]

— 1750 : " 0lepton combined exclusion - = F Olepton combined exclusion -=-- Median expected limit -

N 30 | it i o = .

8 B X | wmmmm Observed 95% C.L. limit ] E" [~ Cel L e Expected limit +1¢ |

£ - ¥ | ==== Median expected limit 7 —— CMS o, 35pb ]

§ < 1500 = | | i - 350 i =

e — i o Expected limit +16 N - LEP 21° -

3 c | ‘ I LeP2q 7 ] -
] - %

@ c f FNAL :/ISUGRA/CMSSM Run I’ \ S e L B

12508 — i 300 [ 003, N

- . [ ] DOMSUGRA/CMSSM, Run Il ] o 1 i

- ] [ ]p0ggu<0 21 ]

1000 0l | NN\ e — ", [ COF 33 tanp=5,n<0, 27" ]

E ........... . 250 —

E T N> - - |

750 R [ e TSRO - . §(600)

E = ]
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250 |:l__ _______________________________ 150 g (400) __
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0 250 500 750 1000 1250 1500 1750 2000 200 400 600 800 1000
| Squark-gluino-neutralino model (massless 1) | gluino mass [GeV] |MSUGRA/CMSSM: tanB = 3, A= 0, >0. | m, [GeV]

TR'Y Y g ! o~

LU exclude'm =775 Ge

% Simplified Model: For m_

~MSUGRA  Fortanp = 3, A; =0, u > U; exclude some

' range of 2D space.of speculative physics parameters



Tr1pt1k through ATLAS SUS Results

One lepton >3 jets, and MET

Phys. Rév. Lett. 106, 131802

MSUGRA/CMSSM: tang = 3, A = 0, u>0

IIIIIII]II[I'IIIIIIIIIIIIIIIIIII|IIII|IIII
-~ ATLAS L™ = 35 pb™! \5=7 TeV = (Observed limit 95% CL
L 1 lepton, >3 jets -——- Median expected limit _|
— - Expected limit 1o

—— CMS jets (o), 35 pb™
Bl cr
[ LEP2F;
~+ -0
[ JD0%,.%,

[ 1D0G,q,u<0,21f"

‘\ ........... 5”(_.700 GeV)
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'Illllllllll

a (400 GeV) q(SQoe ) a (600 GeV) ‘q(7ooe
\!\Illlll\rxllllllllll

500 600 700 800 900
m, [GeV] ¢

e Limaitssset on

mSUGRA

-+ Not as strong as

for 0-lepton (~700
GeV) |

+.But independent

sample (can

~combine)
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HSLIGRA Timits fibin
dilepton + MET

MSUGRA/CMSSM: tanf = 3, A =0, u>0
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—— Observed limit 95% CL SS \i g
Median expected limit SS

= Observed limit 95% CL O ; e Even leSS‘_StrOIlg;-

—— (600 Gev) Median expected limit OS T s T I 7
g(600Gev) [ ] LEP2 ,(1 - iy
[ 007 1 | context
[ ]D0g,qu<0,21f"
-~ [ CDF g,3, tanp=5, 2 o' _

_ s Independent of
‘zero<andone- i
lepton analyses
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CP- and ﬂavor—eonserving MSSM has 24 pa."r-ameters;
implemented as generic ISASUSY model. .

i p R
) e e 4 'y &

« Start here, then fix everything to ‘sensible values’

except m.,, m ~p M 10, M, 90, M

-

K W T TN

-”_ *» Finally, choose m, ,, m, ,, m 7'to enhance sen81t1V1ty of

" your favorite signature. ATLAS puts forward three S
choices: ARk By -

Phenogridl, Phenogrid2, ,Phenegri'd3 5
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Phenogrld 2

. Phenogrle ensures significant lepton productlon by
putting ¥V, x’;*masses below m

slepton masses below that

M, and 'th?n the
 Then set limits 1 1n m

i m_, plane:

=34 pb’, Vs=7 TeV
(a) ATLAS Preliminary
BOZAX] Observed limit 95% CL (Comp. spectrum)
- = Median expected limit (Comp. spectrum)

Observed limit 95% CL (Light neutralino)
Median expected limit (Light neutralino)

> 3 Leptons

.
.
.
.
.
-
-
.
.
.
.
.

0’.."""l..-l.
.

.

650 700

750 800
m; [GeV]
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Other Interestmg S\gnéﬁres

Squark chlral mixing proportional to mass = large sphttmg
for stop, sbottom =» natural to be lightest 'squark(s)

. BJETS + MET |
‘Natural enough that you can probe mSUGR Athis way:

MSUGRA/CMSSM : tanp =40, Ao: O,u>0.
T I T T T | T T T l T I T T T
) 95% C.L. limit
ATLAS J.L dt=35pb ' NS=7TeV o obs. -0 lepton
.- 0lepton g (800)

b-jet channel obs. - 1 lepton
_- 1 lepton

= 0bs. - Combined
exp. - Combined

- -0
[ m@ <m(,)
Bl eroT
[0 LEP2%

;Cov‘erage nofas good

asy €., genericjet

" MET, but mSUGRA
may ot be most -
sens1t1ve context

g (700)

g (500)

II|III|III|III|III|III|III|III|III|III

Al b, (700)

800 1000 e B
m, [GeV]

—
™
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B-JETS +MET and “Simplified” Models

m f/.

g{_; + b b productlon g —b b, b — b+,(

| | < B - T AN A B B A BN R R

Somet‘lmes can let all g B ATLAS Jlm 35pb ' N5 =7 Tev m— 0bs. liMit 95% C.L.
masses gO tO o0 }F 600 :— b-jet channel, O-lepton, 3jets ~ ""TR exp. limit 95% C.L. —:

' . [ m,)=60GeV,m(@,,)>>m(@) P N
except production s00 oy -

, ] : S oS .
particle (~g), focus [ B COThh2mn 55 : -
L 1 oA |

article (~b), and oo - Monteze > x -

p . 2 ; 2 B CDF gg,g—»b+b 25 fb'lx" Reference point 3 |
LSP (%) 300 |- : =
o I, - - .

> “Simplified” oSSR

100 200 300 400 500 600 700
mao del m; [GeV]
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limits 1n glulno sboft‘om‘*plane Y
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/ Decouplmg ofh@r masses rbnds to make hmlts conservatlve

/ = W
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R-hadron exclusion
CLs 95% C.L. limit

\s=7TeV det:34pb'1

E= Prediction § (NLO)
f=%== Prediction g (NLO)
—— Upper limit b
—— Upper limit §
—— Upper limit 7

ATLAS
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Addresses an 1ndependent scenario; gauge

L medlatlon.

Why does.no other (current) ATLAS analys1s

< address this? :
35 L.SP 18 always ~( (gravitino). NLSP 1s either_‘

« ~T Fwith ~t = 1+ ~G

-)Unlque final states, of which dlphoton +MET 15"
“most straightforward. .
~Also, couplingito grav1ty can lead’to signhificant’
“pathAength (in cesmologically-favored regime ?
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Tevatron AnalySGS' GMSB (“minimal” gauge mediation)',
also referred to as the “SPS& trajectory” Has 541 free
- paramaters: F s

A, M, ns, tanf, C,,,» (and sgn('u)'j?‘ii :

:The strong and' EW mass scales are closely tied together
“and thé seolored partlcles are heavy (~1 TeV) at current
~ ¢ limits' (which come from y* production)., -

o

- - Shih, Ruderman: Model too restrictive. Irlste'ad consider ™ ¢
generahzed (srmphﬁed) space in which gravitino, glurno
" .and one gauglno are 11ght all others decoupled |
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e The GGM Scenarl H M
Meade Selberg, Shih, | Te 6 Ban 3
arX|v 0801 3278

/

o 1) : "“I!‘ ,}

,,-. F. i
P
.

Strong and EW masses
decoupled access strong
production-and place

sstrong early hmlts‘*(see “
prior talk) ‘

Could: be at or avae {5e
. TeV for glulno (or |
i squark) masses this.ycar-




GG% Looklng Beyond D\Photon b MET *

Many dlfferent 31gnatures since gaugino NLSP could be |

* Bino .+, Diphoton + MET, lepton(s) + photon
MET o AP
* Wino = Lepton(s) + MET (+photon)
¢« Higgsino oabjets T MET | w78y "
: Long-lived ““Any of above, not pomtlng baok to
P <collision point
~ + Admixture Photon + MET + (b-jet, lepton nothlng)

=> How many Of these signatures break new ground not -
already broken by other analy81s (GGM ground or other’?)
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%Emal Point: What to Qu&te?
| rw. ,
We should quote model- 1ndependent results

&
T

. 0 e |

A search for \upcm mmetry in the context of 0uuml gauge-mediated (GGM) breaking with the lighte \t
neutralino as the next-to-lightest supersymmetric particle and the gravitino as the lightest is presented. The
data sample corresponds to an integrated luminosity of 36 pb-1 recorded by the CMS experiment at the LHC.

& The search is performed using events containing two or more isolated photons, at least one hadronic jet, and
significant missing transverse energy. No excess of events at high missing transverse energy is observed.

% Upper limits on the signal cross section for GGM supersymmetry between 0.3 and 1.1 pb at the 95%

| confidence level are determined for a range of squark, gluino, and neutralino masses, excluding
supersymmetry parameter space that was inaccessible to previous experiments.

‘cMS dlphoton + jet + MET result, arXiv: 11’ 03 0953
. Quotlng a-cross=section: how model mdependent 1S
% "thls‘7 What e]se mlght we quote" ’

,// “3 1 S
"

‘What form I‘night‘this take?




Model Independent Re‘ uftS'*Issues .

]
i

ATLAS dlphoton + MET used for GGM and UED (exaetly
same analysis). Statistics above chosen MET cut:

Observed: N Expected baekground Y EAY

+ ™ Linmitiof N, < X at 95% confidence level 1s truly
; model 1ndpendent (applies equallyto both UED and GGM)

" But, in order to turn into limit on model, requlre efﬁelen01es o
and systematle eIrors that only expenmenters» know: .

\*\"'

g »
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Md,del Independent Res lts**Issues II

Quotlng 11m1t O Cross section seems reasonable

compromise; just calculate your model’s cross section and
find limit. But again, |

A o e
ot ¥ e
. L e
et - »
¢ v Ny
i

» efficiencies are’'model dependent.

-+ ¢ should cross section errors of analyzed model be. % AL
1neluded‘? Probably not, but then.. |

e theorist would have.to include model’s cross section - )
systematles in combination with experlmental systematles ‘
in limit calculation S

/

/ ~‘What I the bes¢ th1ng to,quote for external commumty‘?




Numerous SUSY results but not really that
- many angles: mSUGRA, GGM, tinkered 24-
-parameter MSSM, boutique searches

(sneutrino, long-lived scolored particles...)

Pushing 800 GeV with 35 pb:!; some (few)
+ signatures still background free at this:level.

We just really need to see something.

v r‘ S J.
w L
"/. e v -
. o~
-
S P
;




AT 5 L RN T
Wrap-Up |

Charge Division:

Loengitudinal resolution of ¢, =6mm seems
-achievable for a 10cm-long sensor. |

Long Ladder Readout Noise:

; Simulation and data show 51gn1ﬁcantly less
j" 7 ¢
¥ § readout noise for long ladders tham expected. Center-
tappmg yields-even. further reductions:

Non Prompt Tracks with SiD:

Reconstructing clean metastable Stau s1gnature
between firstand-second tracking layer seems quite .. %
'K plau81ble Beglnmng to look 1n dlfferent radial reglons. e
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