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Searches for SUSY @ ATLAS

» Broadly and deeply cover the SUSY signature space

MESUGRA/CIMSSEM :
MSUGRA/CIMSSM :
Pheno model :

\

ches

Olep+ s vEp, .,
1lep + 15 ¢ Eq
Olap+fs+E,
Pheno model : Glep+ s+ £,
Gluinomad. 7 ([§-0¢): 1lep+js+E .
GMSS : 2 19p (CS) + ['5 + E,
GMSE : 1-2('0-1l9p*fs*Er i
GGM : 77*5 e

Inclusive search

Inclishe Saar

- g—bﬁfu
(yirualb):Olep ¢+ 3b-'s +E,
l%z (realb): Qlep + Ib's + E,
g—ulz (vmu:lll lTlep+12bjs+E, .
q—otlz lirtyalt] : 2 lap (SS)+]5 + £,
—ot!z (wrtuan) Jep+is+E;, s

gz (wrludl] Olop + mul's * £y, ..,
G, (yirtual): Qlep ¢ 3b-j's ¢ Ep o,

ghuno mechated

2. Natural spectrum

bb,b, b7 : OIop 28-ets ¢+ E,
bb. b=ty 3Iep~fs'E,,,_,

_ tl(vmylyﬂ) I--zb“ 2lep+E
tt (light). toby" - 12 lap + bjat+ £
T (neavy), Tl 0 lep + bjet + E,M
tt (neavy), oty o1 lep +bget + £, .
it (neavy), t—otx 12 lop + byet +E,,_
t IGMSG)_ZJ—NI +byt+E

LL. I—sll 2leprE, L

T mia

diract produchon

| 3 §.F Nl 2lep v B,
\ © S Bifveyeve2i |- 3 lap o E, e
. Ausé (hiroc( 1 par prod | © long-lived

Stable § a R-haﬂ’ons Full umec\or

Stable [ R-hadrons : Full detector
Motastable g R-hadrons : Puel det. only

3. Long-lived sparticles

GMSB ; stable T

RPV . high-mass ej

Bilinear RPV : 1lep+s+ &, .
BCIRPV 4lep+E,, ..

RPVL — gt - 1+ heavy disphiced vertex
/-_‘_r.'Hyp«mlmr scaler gluons - 4 jets, m < m,

5 MSSM extenSiOn : Spin dep. WIMP nteraction - monciet + &,

Spin ndep. WIMP interaction : monajet + E,

4. Prompt RPV

Q
x

T ies

fows

"Only a sefecnion af tha avalatie mass (s an Naw stafes or phenamena shown.
AV Armirs Quoled 8re ODeaned minus To Mesrancal sionafl ¢

® Monica D'Onofrio, GGI, Florence

vatualb): Olep+ 12 b-s + E,,_, )

g—aul1 {realt):Qlep ¢ 3b-'s v E, .

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: SUSY 2012)

-II,IuJ. | L1

el /3 e

(18 8 Vo IATLAS-CONP 2012408 AzaTee G - g mass J' : ) A.
EETRE - S LTy gmass (i « 27, hepe ) Ldt=(1.00-58)fb
' AT G mass o) 2 Tev e T | f5=7,8TeV
-~ : 9"‘999 bty < 240 Ca, iz ) = ot Hrediat
Tev gmass (ang < 15 ATLAS
i gmass st > 20) Prediminary

gmass ‘n‘z | 50 e
0"!858 Lt\l: = JIO GaV|
qmass lnq ) € 400 Gevy
gmass (m(] ) = 80 Gev)
gmass |ma e vo('wn
-“] gnnss |n|g |tJlol=4v]
gm:ss |muu;)»m;;u
nadcoManai  WTe gmass u'-u) 0 Gev)
GNSS |mI} 20 GeVy
gmasa mu) 20 Cev)
b mass n~x| 1301‘\1
30 GMass iz =200zl
: ! T mass l'nz |-45(‘¢u
stz m 1 v poone an 2oy 10780 | mass mu. 45Gw)
(w7 M 7 Tal (0208 1447) 180 485 lmsee N,-(n
L~a7 .7 Ta¥ JOONF 2012073 200441 Qe IMase sofi =0
%47 ", 7 Te¥ |CONS 2012 071 w08 Gev| {mass iz = “,
] 10 GeV lrnas.s |l1v'm); o
a2 T Yev joONE 201z erey ERRBDIGRN | MasS Lnun a0
Lna 7 M T Te JGONE Q20T L amamoew o Mass  inig;| = 0,075 = ;wnx umu an
t-m'awmwm— X, mass o=y :\'\ul 0.1 35 s03we)
7 2" 7 VoW JATLAS-COMY 2012- 0 %, mass ral
gl g mass
tmass
ﬁmase (10> 10 )
£<taf~2)
V,Mass (i, 0%, 4, 005
Q= gmass (Ex,p < 13 e
0"\8&5
Gmass (1ox0" <i, <1 60" 1 mm e oo < 1 m oocoued|
sanm’ r'wpm-com.mv_ SQIUON MASS (nck W von 1110 \’1«;
{ Bl " 5Cake (m, < 100 Gay. wackr DS, Diso )
i M* scale m, « 00 GV, tareor D0, Demzy |
L1111 1 | I T | 1 | . 1 ||

GeV)

11 sstz 1<

HOCe T mass

1 11

10" 1 10
Mass scale [TeV]

crogs saction uncanainty.

10/23/2012 @2



Giacomo’s talk yesterday
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Searches for SUSY @ ATLAS

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: SUSY 2012)
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R-parity

= Define R-parity = (-1 )3(B'L)+25 If conserved (RPC), sparticles pair
produced and Lightest SUSY Particle
is stable (MET signatures)

o R =1 for SM particles
o R =-1for MSSM partners

If not conserved (RPV) =2 different terms, couplings constraint by proton decay
L-number violating terms

o L )tk GL> oy

bilinear terms B-number violating terms

AL=1,9 A couplings, 27 N couplings

Pletora of new couplings, only partially constraints (m/100 GeV)

NijkLiLjEp - XN jpL1QjDr Mo L2QjDi A553,L3Q;Dy

weakest 0.07 0.28 0.56 0.52

strongest 0.05 5..1074 0.06 0.11
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RPV scenarios

* Many final states to
explore and not yet
searched for:

o LSP no longer stable (

resonant 7 production

Y o T
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_ at+ <
e \ 3
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pair production: §g, §g, g " LeQ1D1
X ‘TR X

( LSP \ [ Operator \
\ .
X1 o
7 LoL3E3
~'ﬂ': C
M LuQ1D1
dL.R :
{1 LTQ3D3
A, \ U:D;iDx

Something like > 700
possibilities, with final
state signatures involving
leptons and/or jets

If A, A’,\”’ very small, can
lead to long-lived LSP

10/23/2012 @5



Long-Lived particles in SUSY

« Several new physics models could give raise to new, massive particles
with long-lifetime. Long-lived (LL) particles in RPC scenarios:

o If AM(chargino-neutralino) = 100 MeV (eg. in AMSB):

» Long-lived charginos - disappearing tracks

o If very heavy squarks mediate gluinos decay (strong virtuality ):
» Long-lived gluinos > R-hadrons (eg. Split SUSY)

o If NLSP-gravitino GMSB couplings are weak: long-lived sleptons

MetaStable Stable
disappearing (kink) i stable massive
track ! particle

displaced T .27 i slow (B<1,

vertex - i long time
fima - of flight) " penetrate
P ve?Tlecz a detector
O(10) mm O(100) mm > O(1000) mm decay length

® Monica D'Onofrio, GGI, Florence
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« ‘prompt’ RPV SUSY:

o Leptonic RPV (production and/or decay):

« search for multilepton final states
e emu resonances and continuum

o Hadronic RPV:

» search for 2x3jet resonances

 search for 2x2jet resonances (currently
focusing on scalar gluons searches)

* Long-lived SUSY:

o Displaced vertex
o Disappearing tracks
o R-hadrons and sleptons

® Monica D'Onofrio, GG, Florence
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» ‘prompt’ RPV SUSY:

o Leptonic RPV (production and/or decay):
« search for multilepton final states
* emu resonances and continuum

® Monica D'Onofrio, GGI, Florence 10/23/2012 @8



Events

RPV@decay: Multilepton

Signature expected in case of RPV

in the lepton sector
Wrpv = AijiLiL;j E

High p; leptons, possibly non
large missing E;
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« Two SR defmed based on MET and
total tranverse energy (m_eff)

« Validation regions used for SM

background checks:
o Reducible bkg (fakes, from data)
o lIrreducible bkg (ZZ, ttZ, ttWW): from MC

Selection SR1 SR2 VRI VR2 VR3
Number of leptons >4 >4 3 >4 >4

Z-candidate veto veto veto requirement veto
EY'™ [GeV > 50 > 50 < 50

megt [ GeV = 300 < 300

Mot = EPS + Z P+ Z ET + Z E][

I e j
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Multilepton: background

* Reducible background (wz, ttw,tt,WW):

o Events with 3 real and one fake leptons, or 2 real and 2 fake (3,4 fakes negligible)
o Estimated with a weighting method

[Ndata(3€s + £1.) — Nmcirr(3€s + 1))
— [Nqata(2€s + €1,y + £15) — Nmcirr(2€s +

F=Z(ai x RY7 x f4) < ’

i1,j
Fake ratio:
- | and [ : signal and loose leptons
- i: type of fakes (HF,conversion)
—> j: process category
- fii : fake rate of fake type | process j
F weighted for the fractional contribution
of each process

 Irreducible background:
o LZ, ttZ, ttWW

® Monica D'Onofrio, GG, Florence

14+ £1y)] %

VR1

x

Selection VR2 VR3
SUSY ref. point 1 4.6 +0.5 1.38 £0.16 0.004 + 0.006
SUSY ref. point 2 3.5+04 2.32+0.34 0.120 + 0.029
ZZ 32+19 387 29+15
ttZ 0.70 £0.35 0.64 +0.32 (3.5+3.6) x 103
ttWw 0.08+0.06 (1.3+1.0)x10* (22+21)x10-1
WZ (1) 34.6+6
ttW (1) 2.6+08
¥ Irreducible 41+ 8 387 29+1.5
Reducible 095 + 32 —0.25 £0.96 1313
¥ SM 136 + 33 387 42+18
Data 152 40 2

po-value (o)

0.33 (0.45)

0.42 (0.21)

0.80 (—0.85)

10/23/2012 ® 10



Multilepton: results

Major uncertainties:

o lIrreducible bkg: generator
uncertainties on ZZ MC modeling

o Reducible bkg: dominated by unc. on

contributions from each process

Selection SR1 SR2
SUSY ref. point 1 6.5 0.6 7107
SUSY ref. point 2 42406 45+06

ZZ 0.14 £0.11 0.51 £0.30
ttZ 0.023+0.014  0.029 +£0.016
ttWw 0.0044 £ 0.0035 0.005 = 0.004
Y. Irreducible 0.17+0.12 0.54 £0.31
Reducible 0.8+0.8 0.18 £ 0.26
¥ SM 1.0£08 0704
Data 3 2
po-value (o) 0.05 (1.7) 0.07 (1.5)
0,is Obs (exp) 1.3 (0.8) 1.1 (0.7)
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Multilepton: interpretation

 Interpretation in simplified models for chargino pair

production as well as mMSUGRA/cMSSM breaking models

- s Observed limit (+16500")
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RPV@Production

Look for excess in the tail of
different flavor di-leptons

In this case: ey invariant mass
o No jets, low ET

miss
d W e
131
| ~
| t
_ |
d 5w
231
> B /;TILA.IS I I ' ' .'...'Si'gn'all (r§1~=I 95 Gévi—
8 10° s Total Background 3
= [rat=211” Top E
8 L Y s M Zh* =T _
~ — Il Fake Background
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S . § RN 3
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L B _
1 -
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n 2
~ 1 besnsan
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S % 100 200 300 400 500 600
me, [GeV]
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e-mu resonances: sneutrinos

RPV couplings at production and decay
o SM background dominated by fakes and ttbar

3 , ' ATLAS e Data2011 W Fake Bkg.
O 10 \s=7TeV —— Total Bkg. WW/WZ/2Z
& --=+ V(650 GeV)
> 10 _[ Ldt=1.07fc" WM Zy—oww —-Z(700 GeV)
@ 10
1 MT=—=Tt:....
10
107
s
%) 2
g
& 1Bo0opeqeyy -¢Tpsq-dir| ot
0 200 400 600 800 1000 1200 1400
me, [GeV]
My Data SM prediction
= 200 GeV 286 288 + 22
= 250 GeV 152 136 £ 11
; > 300 GeV 70 67 + 6
Scan in > 350 GeV 35 34.0 £ 3.0
> 400 GeV 22 17.7 £ 1.7
eu Mmass > 450 GeV 10 10.5 + 1.2
= 500 GeV 7 6.8 0.9
> 550 GeV 3 43 +06
= 600 GeV 3 2404
> 650 GeV 1 1.49 + 0.31
= 700 GeV 0 1.07 £ 0.25
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» ‘prompt’ RPV SUSY:

o Hadronic RPV:

» search for 2x3jet resonances

 search for 2x2jet resonances (currently
focusing on scalar gluons searches)

® Monica D'Onofrio, GG, Florence 10/23/2012 @15



‘Hadronic’ RPV: 2x3jets

« UDD couplings least constrained
via collider experiments |
P Wg, = f)‘;}kUinDk

o Very hard given the all-hadonic decays and
overwhelming multijet bkg

» Several interesting possibilities:

o Here, consider 2 x 3jets for gluino pair
production focusing on uds )"’ couplings

—

(2 analyses: \

 Resolved

 Boosted
\_ J

® Monica D'Onofrio, GGI, Florence 10/23/2012 @16



2x3jets: resolved

 signal discriminated from multijet background by
exploiting the large p; of jets produced in gluino decays.

L I I L I
ATLAS 4.6fb", \s=7 TeV

—&— Data

108 T Tl

« p; of 6" leading jets used to
discriminate signal from bkg:
o Three selections used: > 80 GeV, 120
GeV and 160 GeV
* Multijet bkg estimated using
normalization procedure from

—=— Projected from 3-jets

—A— Projected from 4-jets

Predicted event yield

low to high N jets - E
10:5 gf

Vn—jet p ey "'E

',\,rn—jet _ ',\,rm—jet YMvo g 1.6 E

+ dat(l - f data \Tnl_‘]et _% 1421: :;
“YMC = [ - __+_3*=_

0.8 =

o Tested from 3j / 4j = 5j (signal depleted) gj: E
o Final estimate using 3 jets > > 6 jets 80700 720 T4o 160 160 200 220 240

Minimum jet p_ [GeV]

® Monica D'Onofrio, GG, Florence 10/23/2012 @17



2x3jets: resolved (ll)

. 2 E L) L I L] L) L] I ] L) ] I L) ] L) I LI L] I LI ] I ] LI I L) ] L)
Good agreement betwpen 2 ATLAS 46 15, 5-7 TaV
data and SM expectation 3 10°E

= Background
S == |
B ool o oo
« Systematic uncertainties § S ey
3 —— —5— Signal, m=800 GaV
mostly from JES and JER, 0 o .
N “~ °
followed by PDF 102k 2
. 3 Z,E_:_

o Systematics on color flow and - —_—
QCD radiation not considered 10g ——
due to the poor knowledge in Hi

- E_l 1 1 l 1 L 1 I 1 1 1 I L 1 L I L 1 1 l 1 1 1 I 1 1 L I L L
case of RPV-vertex 80 100 120 140 160 180 200 220 240
Minimum jet P, [GeV]
Model (mj3) ot 1 Data | Background | Signal bias [%] Signal
100 GeV 80 GeV | 23600 | 23500 £ 2800 3.5 99200 = 20000
200 GeV 120 GeV 356 351 = 140 3.7 2700 £ 500
300 GeV 120 GeV 356 351 = 140 1.0 1460 £ 240
400 GeV 160 GeV 57 62 = 13 0.8 110 £ 13
500 GeV 160 GeV 57 62 = 13 0.3 67 £ 9
600 GeV 160 GeV 57 62 = 13 0.1 437
800 GeV 160 GeV 57 62 =+ 13 0.0 20 £ 3

® Monica D'Onofrio, GG, Florence
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2x3jets: boosted jets

« Jet shape variable sensitive to the N-body structure from jets
containing boosted-gluino decay products.

1 . . . _ )
N-subjettiness ~ TN = %%:Pl‘k x min(8 Ry, 0Rgy, ..., 0 RNy ) , with dp = zk:Prk x R

* T3 =T3/ T,
- if = 1(0), jet well described by 2(3)-subjets

. 5 . 5 . ’% ()25_/3TII_ASI A .
After that, the trimming procedure is applied: = | °R‘Pfes‘-‘é}?’:'}; "> o0 ey
o o p= [ —---ee ultijet ( ia) 7
 Soft radiation removed <107 8 o (meooes) ]
* Invariant mass of the jet Ii% 100-ggfg§eww 0.15F N .
. . = [ === Daa f5=7Tev ; Figlh
-----m— Multjet ia 0.1 Y i7" —
considered (if ©3,<0.7) £ sof e omceee : et
= —— RPV gluino (m, = 100 Ge - 4. -
[ : 0.05F 2t A
o - S o e 3
40’_ l qj.3 40506070809 1 . 1..1
- | Leading jet 1,,
20
0

100 150 200 2
Jet mass [GeV]

50
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2x3jets: boosted (ll)

e Select events with two Selection Baseline Selection SR1 SR2
. D Small-R (R=04) jet pi' | pf >30GeV | pf' > 30 GeV At > 30 GeV
massive large R Jets and Large-R (R = 1.0) jet ;ff' ,l‘:‘t' > 200 GeV ] .l‘ft > 200 GeV pJI‘fl > 350 GeV
RA_g . . A
T32<O' / Scalar sum Z:\z’l‘ 1 N (—) 600 GeV (—)
e Hi gh norm al Jet Small-R jet multiplicity (—) :\"jffl‘l >4 Nj{?{l >4
mUl] l]C] t alSO re U'ire d Large-R jet multiplicity Njer > 2 Njet > 2 Njet > 2
P y - q Large-R jet mass (—) m, j, > 60 GeV | m’) ; > 140 GeV
to reduce multijet bkg Large-R jet 73 (—) 2 < 0.7 < 0.7

o Use ABCD method

Region | Jet (Jq) selections

Jet (J3) selections

Description

. - ot Low-mass jets, §
CR-A4 miet < J‘Ithrcsho]d mit < i‘lthnzshold ) _ =
to validate 732 shape ¢
1 > Mihres . Signal-like leading jet, %
mi® > ] ignal-like leading jet,
CR-B - threshold me < 1‘[thr(:shold - : jet 5 é
T30 < 0.7 to validate mi® £
. . mi® > Mihreshold Signal-like subleadin =
CR-C 777"“ < -“Ithrcsh()]d —yl e : . : jet . %
Tag < 0.7 jet, to validate m!® 8
g
- w
Nep — N Ncr-B
Nsr=Ncr-cx | 7— | x @ B SETIEEN 5
NCR-A 100 150 200 250 300 350 400

Leading jet mass, m” [GeV]

Leading jet mass, m” [GeV]

(c) Data, mi** > 100 GeV (d) POWHEG+PYTHIA, mi®* > 100 GeV

Agreement with data is tested looking at
correlations of 15t and 2™ leading jet M
10/23/2012 20

o ( Nsr/Ncr-c )
Ncr-B / Ncr-a

a = correlation factor , evaluated from MC

MC
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2x3jets: results

* Boosted analysis sensitive for m(gluinos) up to 300 GeV
» Resolved analysis excludes m(gluinos) < 670 GeV

106EIIIIIIIII|IIIIIIIIIlIIIIlIlIIlIII14
------- Exp Limit (Resolved)  [[]+16 Exp Limit (Resolved)

= Obs Limit (Resolved
- ( ) Dﬂo Exp Limit (Resolved)
—— Obs Limit (CMS 2010)

-—-- Obs Limit (CMS 2011) .@ﬁ Cross-Section (NLO+NLL)§

LILLLL

I|,|_I L

All limits at 95% CL

J Ldt=46fb ys=7 TeV

Illl_ull | IIIIu[I | IllIIIII | IllII|,|,| | IIIIIll|

100 200 300 400 500 600 700 800

Resolved M [GeV]
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f

l_llII|IIII|lllllIIII|IIII|I[II|IIII|IIII
e Exp Limit (Boosted)
— Obs Limit (Boosted)
— — Obs Limit (CMS 2010)
---- Obs Limit (CMS 2011)

[J+10 Exp Limit (Boosted)

|:|12 o Exp Limit (Boosted)

.@ Cross-Section (NLO+NLL)]

All limits at 95% CL

_[ Ldt=46fb {s=7 TeV

/
lIIIIII\

ATLAS

IIIllllllIIllllIIIllIlllllllllllllllllll

00 150 200 250 300 350 400 450 500

Boosted m; [GeV]
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Arbitrary units / 20 GeV

L | T

0.4 ATLAS Simulation ~ MCsgluon -
0.35F V=7 TeV — m=150 GeV 3
- -~ m=250 GeV 7
03t - =350 GeV 1
0.25F :
0.2F E
0.15F T :
0.1F :
0.05F i L E
| P il e RS =22 L S

0 200 300 400 500

(m1+mz)/2 [GeV]
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2x2jets

» Searches for 2jets resonances potentially sensitive also to
RPV sparticle production (=jj final states)

o In this case, search for pair-produced massive coloured scalars in four-jet
o Background estimate using ABCD method:
» Regions defined by m1,m2 and scattering angle, cos(6*)

Events / 15 GeV

Data / ABCD

Significance [o]

2000

3500

3000

2500

2000

1500

1000

=

o
w

L

=

1

J Ldt=46f" ATLAS p (47 jet)> 105 GeV

Ns=7TeV * Data; Region A =
I ABCD resuit =

= 0 - - MC sgluon; Region A €

— — Mmca=2500eV 3
= =

e o 3
. -

e =

100 150 200 250 300
(m +m,)/2 [GeV]

Exclude sgluons
between 150 and
290 GeV
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Long-lived SUSY:

o Displaced vertex
o Disappearing tracks
o R-hadrons and sleptons

® Monica D'Onofrio, GG, Florence
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To make it possible: ATLAS detector

Several sub-detectors with excellent time resolution,
including (but not only):

™ Tile calorimeter

) Monitored Drift Tubes
(MDTs)

Resistive Plate
Chambers (RPCs)

Can measure time-of-flight

® Monica D'Onofrio, GGI, Florence 10/23/2012 @24



The ATLAS Inner Detector (ID)

* Pixel detector

 Semiconductor
Tracker (SCT)

o Good for finding vertices

 Transition Radiation
Tracker (TRT) > a

continuous tracker

o Can detect kinked or
disappearing tracks

All within a 2T solenoidal B-field

® Monica D'Onofrio, GGI, Florence 10/23/2012 @25



dE/dx (MeV g cm?

dE/dx measurements

10 S — Pixel detector can

9 e B = 10° measure ionization

8 .« energy loss dE/dx via

7 - charge deposited

° _10® (calculated from Time-over-
e Threshold)

=107

o) b osswwwsll  TRT can also measure
w5 2S5 050 05 1 1S Gevy dE/dx via Time-over-

Threshold

® Monica D'Onofrio, GGI, Florence 10/23/2012 @26



The ATLAS Calorimeters

Both LAr and Tile

calorimeters can also “'eb\arre' Tie extended barel
measure dE/dx by * /
summing energy

TV eves
e mn—bdaa | st ™
= L440000aa, dda,
oy pediddaig

LAr hadronic

deposits over path end-cap (HEC)
length.

LAr electromagnetic
end-cap (EMEC) ——=— ¢*

s
P

LAr electromagnetic

barrel ) =
vy y LAr forward (FCal)
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The ATLAS Muon Spectrometer

Thin-gap chambers (TEC)
3 ] Cathode strip chambers (CSC)

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)

® Monica D'Onofrio, GGI, Florence

Precision muon
chambers can
reconstruct

“standalone” tracks

o i.e. can find particles that
did not leave tracks in Inner
Detector (e.g. decay
products of LLPs)

MDTs can also measure
dE/dx (similar principle
to TRT).
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Displaced vertices in ID

* Particles with lifetimes of order a few e /
placed /77

picoseconds could decay within the vertex JZ
inner tracking detector, giving rise to prim:rrfte:;!’

o 5 v
displaced vertices

O(10) mm

— Here: consider muon+jets topology,
i.e. from RPV neutralinos decay with a
non-zero (but small) ’,,, coupling

— Presence of a muon useful for triggering
and background rejection

— High track multiplicity helps vertex
reconstruction

® Monica D'Onofrio, GGI, Florence 10/23/2012 @29



track and vertex reconstruction

« Standard ATLAS tracking is highly optimized for tracks
coming from the primary interaction point (IP)

« To increase efficiency for secondary tracks

—> re-run Silicon-seeded tracking algorithm, with looser cuts on transverse impact
parameter, using “left-over” (shared) hits from Standard tracking.

—signal example

‘Z"OASEHA*'LAS'I' T T B ||g
é 0.45_ simulation S=7TeV —=— Re-tracking —E
© 0.35— --@-- No re-tracking —
3 E® H#H E
e W Nl
g 02 T ¥ .d'+ ++ *m+ +++H+{§
3 0158 B +'H‘#+ +# + +—§
2 0.12— %%% ﬂ++ _i
0.05E- 0 =
0:' T |U%%qu?ﬁ]'q"r'ﬂ'I'-'--y-q--l-n--.--q--l--.. peiealoi LE
0 20 40 60 80 100 120 140 160 180
Moy [Mm]

Monica D'Onofrio, GG, Florence

Vertex-finding algorithm based
on an iterative disambiguation
process

then splits/merges/refits
vertices until no tracks are
shared between vertices.
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Displaced vertices - selection

« Events triggered by high-p; muon trigger, with no ID track requirement.
« Use tracks with |d,|>2mm, p:>1 GeV as input to vertexing

* Look in fiducial volume roughly corresponding to Pixel barrel

* Require at least 5 tracks in vertex, and mass > 10 GeV.

* Require high-p; muon passing within 0.5mm of reco vertex

160

oy [MM]

140

120

100

80

60

40

20

- Veto vertices reconstructed in regions

with high material density
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Displaced vertices - backgrounds

« Two sources of background vertices considered:

o Purely random combinations of tracks inside the beampipe (where
vacuum is good, but track density is high).

o High-mass tail of distribution of real vertices from hadronic
interactions with gas molecules.

» Particularly if vertex is crossed by random (real or fake) track at large
angle.

« Use different data-
driven method for
each source: total
estimate is
(4 + 60)*10-3 vertices

"

Run 165821
Event 1605517

Pixel modules

a D'Onofrio, GG, Florence 10/23/2012 @ 32



Displaced vertices - results

1.4
1.2

e /ero vertices
passing selection
requirements 10
observed in 4.4 fb'

data sample.

Vertex mass [GeV]
it
[
) N
.
>
7

i

Signal region

v ""'..." '

s @ Data 2011 -
_[Ldt =4.4fb™"

rrbktr e

Signal MC  _
s=7TeV 1 70.2

1 1 1 1 1 | 1 I 1 1 1 1
3 4567810 20 30 40
Number of tracks in vertex
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Displaced vertices - interpretation

Exclusion limits set on squark pair production

o Assume squark decays directly to LL neutralino, which decays
to muon plus jets.

Three combinations of squark and neutralino
masses considered, to study the effect of LLP
mass and boost on reconstruction efficiency

Event selection efficiency

o
o)}

o
(&)

o
~

o
w

o
N

©
—

efficiency-vs-ct

[T )
- E
% MH T
C & ML simulation ]
- it HH S |
: . .,.-g;;:-a.fgr 2 |
_-!:- Ll N
| ’ “ 10°
ct [mm]
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Sample | my Mo ct
[GeV] | [GeV] | [mm]

MH 700 494 78

ML 700 108 101

HH 1500 494 82

II T T T T TTT II T T T TTT II T T T 1T IL
MH ATLAS §

ML Vs =7 TeV __

ILdt =4.4fb" ?

IIlIIll L1111l

1 10

102
10/23¢30fmhm]

10°



Disappearing tracks

* In AMSB model, could have long-lived  disappearing kink):

track

charginos decaying to neutralino and )"
soft pion ;
* Look for production processes as: p—
—+ =0 . - E T . .
pp — A TA 1/, pp —> A e ] Use jet from ISR to

X7 — X]m* branching ratio set to 100% trigger on events

» Resulting final state:
— High p; jet + large missing ET
— High-p; disappearing track (or “kinked” track):
* |solated tracks that stop in outer TRT
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Disappearing tracks - selection

* Event selection:
o missing E;> 90GeV and > 1 jet with p; > 90GeV
o Jets well separated from missing E; direction in ¢ (A > 1.5)
o Veto events with reconstructed ele or u candidates.

» Disappearing track candidate selection:

o Track must be isolated e b T
) £ —e— data .. E

o have D > 10GeV. lf_,g - === Background MC ATLAS Preliminary .
T ¢ 10*E Signal events (LLO1,t()~(f)=1ns) -

o at least 1 Pixel h]t and 6 SCT hits, = [ Charginos in signal events (decay radius<863mm) 3

o originate from primary vertex,

and point to TRT barrel (but not region
around |n|=0)

o Fewer than 5 hits in TRT outer module

f Ldt=4.7fo"

1 IIIIILIJ

\s =7TeV

| IlIIllIl | IIIIILI,I

wl
()]

~ 25 30

outer
NTF{T
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Disappearing tracks - backgrounds

* Potential background sources are:

Charged hadrons high-p; charged particle
interacting with detector interacting with TRT material
material (80%) e panicle rack

N\

Pixel SCT TRT LAr/Tile

| | | | | |

s  rnFafho s Electrons surviving lepton veto,
== UNdergoing bremsstrahlung

track p [GeV]

Obtain p; spectrum for both sources of
background using data control samples
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t.. [ns]

Disappearing

Use signal+background
likelihood fit to track py
spectrum, to test different
signal hypotheses

No significant excess found -
Set limits on chargino mass and
lifetime and charg-neut AM:

tanfl =S u>0
T

10

=7 ATLAS

1
ILa-.o?k:'.u-?Tov ‘

3
— OOSOred 9% CL W 210 )

....... Expocied 85% CL W 1o,
. «« ATLAS (7 TeV, 1.02 b ', srong prod )
B  LEP2 exchuson

Stabie ¥

MMca D'OBFrio, GG Florencé™ [ (aevy”

10"

tracks - results

= 10*
(O]
O oL ATLAS —e— Data
%) 4444« Total background
S 5 \s=7 TeV,J- Ldt=4.7fb' - Hadron track background
©10 --- Electron track background
= m. = 100 GeV, T = 0.2 ns
10 """ rrLl=100GeV, 1.=1.0ns
-~ x1 x‘
I mf =200 GeV, ‘Ei‘t =1.0ns
1
10
10
10° . AN
10 20 50 100 200 500 1000
track P, [GeV]
P «S u>0
5 I —_— MM%".Clelr'o:n
g_ ------- Expected 95% CL it &1, )
E'; 190 B  LEP2 exclusion
< Slable 2
ATLAS

1
Ita-arb'.\s-ruv 1

For AMSB most prob value
160(170) MeV - chargino mass
excluded up to 103 (85) GeV

S
-

100

150 200

0, edff23/2012 938



Stable Massive Particles (SMPs)

stable massive

» SMPs predicted in SUSY several other pertiole

slow (B<1,
long time

BSM scenarios of fhght)
« Stable > ct > size of detector
* Produced with p<1
« Within SUSY:
o 7/ and >~<+ G GMSB  Lasge N, small M, andlor large tan 5.

gMSB No detailed phenomenology studies, see [23].

O a @ ( bo u n d States ) SUGRA  Supergravity with a gravitino LSP, see [24].

Fy MSSM  Smallmz, , and/or large tan & and/or very large A..

AMSB Small mg, large tan 3.

panstrate
a detector

> O{1000) mm decay length

Scenario  Conditions

MSSM 7 mass (determined by nz%l_ - ft-tan 3. and A7) close to \:?
mass.

gMSB Generie in minimal models.

Colored sparticles can hadronise into long-lived i e e o NLSP nda P B
bound hadron]c States small tan /3 and .

1 gMSB ¢y and fi; co-LSP and also SMP when stau mixing small.

R- had rons G0 MSSM mgy — mgoSmay Very large Mio22 TeV > || (Hig-

2sino region) or non-universal gaugino masses My 2 4Ma,
with the latter condition relaxed to M, 2 M for My < |u|.

Natural 1n O-IT models, where simultaneously also the g can
be long-lived near dgg = —3.

Heavy parton
carrying most of
the momentum

AMSB My > My natural. mg not too small. See MSSM above.
Y] MSSM  Very large mg» > Mgz, eg.split SUSY.
G GMSB SUSY GUT extensions [25-27].

q MSSM  Very small M3 < M 5, O-II models near 6qg = —3.
GMSB  SUSY GUT extensions [25-29].

X1 MSSM  Non-universal squark and gaugino masses. Small mg and
M3, small tan 3, large A,.

o

Light quark system (LQS)

® Monica D'Onofrio, GG, Florence

Small mg and Mj, large tan 5 and/or large Ay 3 A,.

overview of possible SUSY SMP states considered in the literature. Classified by 39
SMP, LSP, scenario, and typical conditions for this case to materialise 1n the given scenario.



SMPs: how-to

* Particles with ct > size of detector:

o If neutral and weakly interacting > missing E;
o If charged (at any point!) or strongly interacting - can

detect them directly

o If massive, could be produced with low velocities: B < 1

 Mass of SMPs:

measure charged particle momentum p in ID and MS
measure energy loss dE/dx in several subdetectors

o For these analyses, use Pixel

o dE/dX is related to relativistic boost factor By
measure time-of-flight in several sub-detectors

o For these analyses, use Tile, RPC, MDT

o Can measure velocity B

m) p=Bym

® Monica D'Onofrio, GG, Florence
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B measurements and bkg

« Use Z->pup events to calibrate B measurements

« |If B measurements from different systems are > 0.2 and internally

consistent - combined in a weighted average.
%103 x10°

— 200 L L L L — LI LI L L L
(an] C i o
< 180 ATLAS Preliminary A ] ) 50 ATLAS Preliminary ]
& L Calorimeter it » - Calorimeter + MS
§ 160:_ det=4.7fb'1 s E § B det=4.7 o ? ]
= 1400 sl = = 40 L .
- Data 2011 (Vs =7TeV) ¢ ] B Data 2011 (Vs = 7 TeV) ]
120 4 Mean = 0.983 <] ] sof e Mean = 1.000 -
100 o= H — - c=0. bl |
80F MC, Z — up g 4 - B MC, Z — upn [ i
- Mean = 0.986 . ¢ . 20 Mean = 0.996 I8 =
60F  o©=0.002 . ‘ = C G =0.033 . N
40 / CO 10/ il .
20 % = C s * ]
0:| T B I TN B S . 0_ L1 bebe le L |Ll 'bd._
0O 0.2 04 0.6 0.8 1 1.2 14 (0] 0.2 0.4 0.6 0.8 1 1.2 1.4
B B

Main background are high-p, muons with mismeasured B.

o Exploit fact that mis-measurements of B or By in different subdetectors are
uncorrelated.

o Use data-driven method based on randomly sampling B or By values from CR

distributions.
Monica D'Onofrio, GGI, Florence 10/23/2012



Long-lived sleptons - selection

« “Heavy muons”-like, releasing energy throughout detector
» Use single u trigger (70-85% efficiency for GMSB slepton events):

o Efficiency for particles arriving late at MS estimated from MC signal

* 2 u candidates per event, prgosetight) > 20(70) GeV.

Either two loose candidates or
one must pass tight selection.

Bkg estimate: from iterative

procedure based on muon-f3 PDF:
« Assume bkg is due to
measurement resolution

Apply cut on candidate mass

mB=p/yB (depending on stau mass
hypothesis: 122 - 465 GeV range)

® Monica D'Onofrio, GG, Florence

Candidates/ 10 GeV

1072

103

10-4||||

I 1 N O 1 W M A 11| BR R RAALL

I 1T
‘>

LI

U IA I T T T .[ I.I T T I U T T T I T T I 1 I T U I
TLAS Preliminary ¢ Data (2011, \s=7 TeV)

-1
ILdt-4'7fb ——— Bkg estimate + 1 (syst)
S GMSB A=90 tanB=10
------ GMSB A=110 tanf=10
< ST

| IIIIIII| | IIIIIIII l IIIIIII| l IIIIHI| | IIIIIII| L1l

LLLIIL

1

:JEE

o

. 500 600
min(m_,m,) [GeV]
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Slepton search - results

* No excess above background expectation

 Constraints in tanB vs A in

e Constraints on stau mass in GMSB scenario

GMSB scenario — Direct sleptons production
dominate around limit

GMSB:N,=3,m _25OTeV 00, tanp= 10 C 10,5000 4 GMSB: N=3, mmessenger:250 TeV,D)O’ C gray =000
'E‘ I L . T cca O_IHI|III| I\‘ |||||| \|||:;||||||||||
=h ATLAS Prehmmary [ - ATLAS Pre||m|nary .
© 102 35 4
- Data 2011, \s= 7TeV Ldt_A 7io "
[ CL_95%C.L. nmns .
30 ; , -
_______________ I Observed Limit (z, A Ishusvy) /]
____________________________ 251 i g3 -
""""""" | S Expected Limit (+ 100g) Jfif
20F i E
3| CL_95% CL.limits | = 5 = N <5 =
1071 1 - ! @ i i [N @/
B GMSB production: NLL + NLO ] 15F g g’ S g;’ g h
E—— Observed Limit | B @* \L{C\.‘?"’ \‘%": : éo §
- - B =g =y = = =,
ST Expected Limit = 1o ‘ 10'_ :‘ Exdus'jed ,' ; .,: ! [ ]
T Expected Limit = 20 7 B 5 : gl
I 1 1 1 1 | 1 1 1 1 I 1 1 1 | | 1 | 1 1 I | 1 B ':.I bt : -
IL\III'lII]lllJilllllllf::lJJIl‘l'IIllIIII'IIIlI
200 250 300 30 400 30 60 70 80 90 100 110 120 130 140
m. [GeV]
T A [TeV]
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R-hadrons - selection

« Undergo interactions with detector material
=»can also change charge as it moves through detector

« |If B is too low, particle might be associated with following
bunch crossing by the time it gets to MS.

« Due to both these effects, efficiency for single muon
trigger can be quite low.

=2 use also missing E; trigger
o Exploit possible additional jets from ISR,

 Three different analyses:
* “Full detector”

e  “ID on [y 4 } Cover the lack of knowledge of R-hadron interactions

‘ oy with the detector and the lifetimes for which they
Y MS agnostlc would not reach the calorimeters
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R-hadrons - selectlon (2)

« All three analyses require

good quality, isolated, high-

momentum D track.
« “MS agnostic”:
o missing E; triggers
o calorimeter-only timing

measurement
—->require ID trk pT>140 GeV

 “ID only”:
o Offline missing E; cut

o Tighter cuts on isolation and
number of silicon hits
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R-hadron searches - results

MS-agnostic and FD: final selection based on requirements on By and 3

1000
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= 900

m

800
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ID-only: selection based on exceeding
dE/dx thresholds
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R-hadron searches - results
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R-hadron searches - results
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Other searches for LL particles

Several New Physics models (well beyond SUSY) could give rise
to new massive particles, with long lifetimes:

» Hidden sector interacts with SM via (heavy) Communicator particle(s)

o light Higgs-to-LLP search:
» look for displaced vertices at larger radii, near outer radius of hadronic
calorimeter, or in the MS
» Use specially developed trigger algorithm, and specialized tracking and vertexing,
to reconstruct vertices in MS

o Higgs decay to hidden-sector fermions - decay to a (potentially long-lived) neutral
hidden-sector particle vy, and a stable hidden sector fermion fa

» those escape detection
 Decay of y, could give rise to collimated pairs of leptons ~ -=--.--

fdl

« Magnetic monopoles:

o Experimental sighature - large, localized energy deposit in EM calorimeter,
associated with region of high ionization in TRT.
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Conclusions

* Several SUSY models lead to hard to constrain or
‘unconventional’ signatures:

o RPV multilepton or multijet scenarios
o Long-lived particles

* Wide range of analyses, looking for many different signatures,

sometimes using the detector in interesting and “non-standard”
ways.

* No sign of New Physics so far....
 BUT:

o All these analyses are being updated (and improved) with 2012 data.
o More to come

Doing our best to cover as much parameter space as possible,
as well as and get maximum possible value out of our
fantastic ATLAS detector
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