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Spin measurement q

Left squark cascade decay ‘\ \

5L%CI)?2 %q|+ I_%ql_“/ﬁﬁ

Only electrons and muons considered, from | =€, 1

If neutralino spin 1s 2 , angular distribution Tdeal distribution
of slepton. 1s n(?t spherically syflgletrlc, 2 | sin0 m*) /-
therefore invariant mass m(ql®) is charge >3 sinY s
asymmettic: A S —S ¢ do E 0 y
= T = <<~ | ;
| - f S .
st +s d (mq|i) : m(ql)
1
- Studies for LHCCS5 point by A. J. Bart o
Phys.Lett.B596 (2004) 205 %003 04 06 08 1
m(q| near)/m(q| near)max
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— SUSY

Event topology
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In mSUGRA events, strongly
interacting sparticles (q, g)
dominate LHC production
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Entries/10GeV/100fb”-1

Cascade decays to the stable, I
weakly interacting lightest neutralino 1

(Lightest Supersymmetric Particle) 10’1 :—l Il Il I | 1 1 L Il Il 1 1 1 1 Il 1 I 1 1 1 I 1 L 1
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follow, e.g. left squark cascade decay. ET'** (GeV)

Typical final state signature:

o Large E ™ (from LSP)

0  High py jets (from squark/gluino decay)

0 Two same-flavour opposite-sign (SFOS) leptons

Charge asymmetry A is suppressed by q/{ cancelation

(anyway at the LHC much more squarks than antisquarks are expected)

Asymmetry can be also diluted by the experimental impossibility to
distinguish near from far lepton
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mSUGRA points considered

Point SU1 — stau coannthilation point
m, =70 GeV, m, , =350 GeV , A, = 0 GeV
tan(f) = 10, sign(p) = +
C;o = 7.8 pb (100 fb™! analysed sample)

Point SU3 — bulk region point
m, = 100 GeV, m,, = 300 GeV , A; = -300 GeV

tan(B) = 6 , sign(p) = +
C;o = 19.5 pb (30 fb™! analysed sample)

ATLAS official Fast Simulation samples + dedicated production in Napolt ATLAS-Tier2
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SUT point kinematics

I +

Both }?S —> rLi and }?S — E;_r |$decays are allowed 1n SU1
(masses are: m;.go =264 GeV, m- = 255GeV, m- =154GeV )

1 L1 11 L 1 11 11 I 11 1 L1 1 |. 11 L 1
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m; m(ll) (GeV)

IL,R

~ ~0 WE: + ~0
4 ~dr—~>aqll)- qH®+Zl T 4000 MC Truth Signal
264 255 hard 137 @ ok
ey —~0 L H F ~0 g 30005 56 GeV
qL %qZZ %q |R®%ql | +Zl Ezsaa :
264 154 TFard 137 Lﬂﬁ 2000 |
o Two edges in the dilepton % - 98 GeV
mass (for Left/Right slepton chains) % wuuf l
(mZ, —m? )(mZ -mZ,) HE s gt
m(”)max — X2 L.R L.R A1 0: I | | . L

After Left/Right slepton decay chain identification, nearand far
leptons are distinguishable with high probability from their momenta.
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‘ SU3 point kinematics

= Only the right slepton decay X = i;i 1™ is allowed in SU3
(masses ate: m, = 219 GeV, m- = 230GeV, m- =155 GeV )

qL%qzzﬁqr@ﬁqli@H?f

219 155 118
o One edge in the dilepton - 2 MC Truth Signal
mass (for Right slepton chain). B 2000
S 1800 ;—
= 1600
(9 1400
% 1200
m Here nearand farleptons are £ ol 100 o
undistinguishable. e

l

a _I Il I Ll l | - L I -] | Lol 'l _I Ll | | - I Lol Il I I Lol I -] L
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‘ m(gl*) asymmetry for MC truth signal

SUl GIB: —~
0.5;— I I near
04l L ?
— 170 e
1=220 tb 0.2 ?+++I++++ +—+
generated e |
1 3 e 7|
sample a2 4T +
: i,
iyl
a.si—m(ql)max = 181 GeV

RTINS EEETETE A oo Lo byw s b s o by by v b gy
0820 40 &0 81 100 120 7140 160 180 200 220

m(ql"™") (GeV)

In SU1, the Left Near scenario looks to be the most promising:

* Charge asymmetry 1s the most enhanced.

. e . . » S cLD 4% L
No significant contamination from Z , asking m(ll) < m(l)"*_

Only this case has been considered from now on.
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‘ m(gl*) asymmetry for MC truth signal

SU3
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Even if nearand farleptons are not distinguishable, in SU3 point

charge asymmetry is more pronounced than in SU1, owing to the

larger cross section and to the higher branching ratios of decays

involved in the left squark cascade decay.
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Event selection

0 ETmiSS > 100 GeV

= At least 4 jets

a p(y) > 100 GeV,
a pr() > 50 GeV ,1=234

= Two SFOS leptons

o p) > 6 GeV (for SUT),10 GeV (for SU3)
0 |m|<2.5, E/*<10 GeV in AR<0.2

= m(ll) <100 GeV

= m(ll) < 615 GeV (orSU7)

<500 GeV (for SU3)

® In SUI1, the decay chain with Left/Right slepton

is selected according to dilepton mass:

Near/Far leptons are discriminated by their p.

J

—/
~

Preselection cuts
~ Mostly against
Standard Model

Lepton selection
> Cuts on single
isolated leptons

Analysis cuts
Based on model kinematics,

>~ to be applied after observing

{

invariant mass endpoints

Left m(ll) < 57 GeV
Right: 57 GeV< m(ll) < 100 GeV
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Reconstructed invariant masses

~ eaa= = SUSY v 700 = SUSY
Simulated (fas?) & _| , M| Bt KO - SM
500—
SM processes: 2 4 S soo- Ri ‘
- . r 400:— (0] F
O tt+ jets 2 o ++ i +++++
. 2 g + + E 300 —
a W-i-]ets Ezoa:— +++ |+ , ++ ¢+ SUl S 200 ++++ SU3
c - | :
0o Ztjets TR, +| oo ¥ +
ot l+ 1 1Tl + H?Hi*ﬂ*f*'i ¥ et JRITS IS AR SRS S
2 |
a_ 'ilal' R [ R T = TR ¢ 20 a 5|° 8100 120 140 160 18G 200
M(ll) (GeV) M(ll) (GeV)
The ﬁrst two - = SUSY | w1800 N = SUSY
energetic jets s Ht sv_ | 2T ‘4 _SM
. E @ 1400 +
in the event T et t ++++ 3 1soak .
d § o 4 g
are used to g o 4 N S rovof +
. < 400 0 C
formm(jl):  ga- | . sut is SU3
no significant E 2005 I WogE 4 ...
f f A 100 ;— + \ . 4 { 1 . 1‘+ - . 200 f— e
ecrrect on 0_,4+ L 4T IRABNE e S5 - . e
. F - S ' . e o & I_*_*_‘_; lllllllllllllll - R =
due to Wrong ] -1000:—' ST, R—T T l B TR T 00, e e el g ‘_mloo' 1200
M(jll) (GeV) M(jll) (GeV)

Events with two opposite-flavour opposite-sign (OFOS) leptons are kept and
statlstlcally subtracted to SFOS events to cancel background from uncorrelated
lepton pairs: (' +€€ — e’
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fficiencies and contaminations

Before Efficiency S/B Efficiency S/B
OFOS subtraction (SU1) (SU1) (SU3) (SU3)
Signal (17.0 £ 0.3) % / (20.0 = 0.3)% /
SUSY Background (0.94 = 0.00)% |C0.33) (0.75 £ 0.00)% |C 1 :D
tt + 0 jets (lvgq) (1.3 +03)10°% | <=0 (4 +=1) 107" ~T500)
tt + 1 jets (lvqq) (2.0 = 0.2) 107 6.3 (1.2 =0.1) 107 90
tt + 2 jets (lvgq) (1.3 =0.1) 107" 3.5 (5.9 &+ {] 4; 107 45
tt + > 3 jets (lvgq) | (5.3 £ 0.2) 10~* 2.6 (2.3 +£0.1) 10~* 37
tt + 0 jets (lvlv) (1.9 =04) 1079 [ ~200 | (3.0 = (] 5) 10=% | ~1000
tt + 1 jets (lviv) (1.5 = 0.1) 10~* 1.8 (2.2 +=0.1) 107 20
tt + 2 jets (Ivlv) | (2.93 £ 0.04) 10734 0.64 IN3.89 = 0.05) 1072 ¥~ 2.9
tt + > 3 jets (lvlv) | (1.65£0.02) % \_0.34 [/ (2.10 £ 0.02) % {_ 1.6 >
W + 4 jets (Ivlv) (1=1)10°° 2T (2 £ 2) 1078 ~1000
W + > 5 jets (lvlv) (2 +£2)10~° 50 (1 +1) 10" ~500
7 + 3 jets (3.1 =04) 10 | ~500 [ (3.1 =0.4) 107 [ ~2000
Z + 4 jets (2.0 £ 0.1) 107 27 (1.7 = 0.1) 1072 | ~200
Z + > 5 jets (7.0 £0.2) 1073 24 (5.6 = 0.2) 10 | ~200

After OFOS subtraction :

0 most of irreducible background comes from SUSY (e.g.: correlated leptons from direct/ indirect
production), with S/B > 1 (for SUT)

0 SM background from ttbar/W+jets becomes compatible with 0. Small Z+jets fraction survives,
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m(jl*) reconstructed distributions
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After event selection and OFOS subtraction, reconstructed m(jl*) and

m(jl") are taken bin-by-bin to get asymmetry: Ay = m @) -m(jl)

Suitable binning to get a compromise between: m(jlI")+m(jl)

0 good granularity in m(jl),

O proper statistical treatment of asymmetry and errors.
m(jl) ranges fixed according to endpoints and expected resolutions:

[0,220] GeV (for SUT) and [0,420] GeV (for SU3)
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Evaluation of m(jl*) asymmetry

Two statistical methods are used to detect a non-zero charge asymmetry:

0 a non-parametric Y test to a zero constant (= hypothesis of symmetry),
0 the Run Test method, based on the number of observed (vs. expected)

fluctuations of bin contents with respect to zero.

The two methods provide independent confidence levels :
CL,, and CLgy , which can be combined to get CL,

comb °

Low confidence level = good evidence of a non-zero asymmetry.

0.8 ~ {CL,=191% 0.5 SU3 — CL;{z = 4.22e-09
- UL CL. - 0234 0k CL,, = 0.621 %
£ °°F Left slepton — 2 2 0'3 28 Near + Far L, - 6.64e-10
g 0.4~ Near lepton <m§_ E 0'2§ leptons =
£ . + g 92
> 0.2 > | '+'
n —— | o 0af —+—-+—-+-_L
§ of % 1 $ S | 4+ _+_-"r-_+_+-+-"r- I +
o = —+— -1 o -
@ 0.2 —+— _r:u 01E T+ + ++
S - C -0.2F +
= b = -0.35—
E osf-| L=100 b E ..f L=30fb!
'0'50_' '2:3' ~a0" 's:a' ~35" -'ui'-d 50" :IIIlDI 450" lulsd 500" %20 '0'502' 36 jo0 780200230 300 530 400
m(ji"**") (GeV) m(jl) (GeV)

A T T ecoe D
Flavour in the era of the LHC , 4% meeting — CERN, 9 A(: F.rodcsgn, O. Sk]egégstad, H. T(_,)ftc, .1 robability and Statistics
in Particle Physies, Bergen, Norway: Universitetsforlaget (1979)



Diluting effects on m(jl*) asymmetry

SUSY SFOS background contribution
SUSY OFOS contribution
SM SFOS and OFOS contributions

Selection of wrongjet in m(jl*)

Although not definitively suppressed in the final selection, all
of these background conttibutions to A are proved to have
a flat behaviour vs. m(jlI*) and not to spoil significantly the
contribution given by signal events.
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SUSY background asymmetry
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= No relevant impact on the final A ; asymmetry can be observed
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SM background asymmetry

Both SFOS and OFOS
SM selected lepton pairs

SM SFOS
background

show reasonably flat charge

asymmetries with high

CL_, ; compared to SUSY
(signal+background) events.

This is tested on both
m(jl) ranges used for

SU1 and SU3.

Similar results varying

SM OFOS

selection

bin-width and range values.

m(jl) charge asymmetry

m(jl) charge asymmetry

In range [0:220]
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Wrong jet selection
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In both SU1 and SU3 points, SFOS events with a wrongly selected
jet (wrt the signal quark) provide no significant m(jl*) asymmetry.

Selecting the two highest py jets in the event systematically brings to

retain (at least) one wrong jet: this 1s an acceptable compromise for
keeping the largest possible signal yield without spoiling asymmetry.
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Confidence level vs. luminosity

Results have been obtained for different integrated luminosities.

0 In SU1 point at least 100 fb! are needed to observe some

non-zero charge asymmetry (e.g. with CL

<1%).

comb

o For the case of SU3 point, 5+10 fb! could be already enough.
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Summary and conclusions

It SUSY will be discovered at LHC, measuring properties
of new particles (e.g. spin) is needed for demostrating that
they are indeed the predicted super-partners.

The method used here on two selected mSUGRA points
shows that m(ql*) charge asymmetry is detectable with few

fb-! (in SU3) or at least 100fb! (in SU1).

The study must be also performed with more realistic (fx/))
ATLAS simulation and for other SUSY points.

New techniques to detect charge asymmetry and reduce
diluting effects (background, systematics, etc.) are under
investigation.
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‘ Branching ratios & mass endpoints

Point SU1

algrg) = 1.75
olqrgr) = 0.88
a(5G) = 0.554 pb

BR(GL — qi2) = 31.5 %,

BR (8

Tpb, ol(qrg) =1.620 pb,
Spb, olgrgr) = 0.665 pb
4pb, o(§R3) = 0.154 pb .

— I1l)=6%,

- J‘l_{%g]j| 1/2 -

97.93 GeV (right) ,

BR( g IR :37&-, BR(ILR% f _IGD(Fh
2 X
'[;‘l-j’%o - M f )( M2
mar 2 L.B L.m
m (1) = e
L Ip, R
= 066,05 GeV (left),
(M2, — M2,)(M2 — MZ2:)]"
m(gll)™™* = V- ' =
fl-f):(’g

= éll.ﬁﬂt GeV (left, right) |

[(MZ, — M2) (M,

TTEl: q!'r‘i"l ear ] mar

A _2 T 1|."’2
:lffL,R:l

M,
— 180.14 GeV (left),

(M, — MZ)(M7

580.09 GeV (right),
r2 17 1/2
- fl-f;(?.i) '

_}n[qgfﬂ?"]mﬂr — 1“[”

IL.r

= 327.21 GeV (right),

603.08 GeV (left) .

Point SU3

o(qrg) = 4.469 pb ,
a(qLqr) = 2.085 pb ,
a(gg) = 1.544 pb ,

100 %,

BR(lLr— X11) =

m(ll)" =

)
m(qll)™"*
m (qJ nea?‘) max

)

???(qlfm max

o(qrg) = 4.426 pb
o(qrqr) = 1.716 pb ,
(d259) = 0.203 pb

100.17 GeV,
500.34 GeV,
417.74 GeV,
385.85 GeV.

Irl) =17.6%,
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‘ Distinguishability ot leptons in SU1

= After Left/Right slepton decay chain identification, nearand
farleptons are easily distinguishable from their momenta
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‘ SU3 mass distributions for truth signal

- MC Truth Signal
= Lepton-lepton-quark 3 ™t i
invariant mass 3 o
distribution 1
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SUSY vs. Universal Extra Dimensions

J. M. Smillie and B. R. Webber, JHEP (2005) 069, [bep-ph/ 0507170]
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Figure 12: Detector-level charge asymmetries with respect to the jet 4 lepton rescaled invariant
mass, for the (a) UED and (b) SUSY mass spectra given above. Dashed: SUSY. Solid/red: UED.
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