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R-Parity violating(RPV) and lepton flavor violating(LFV)
« Both “B” and “L” are conserved in SM, but not necessary in SUSY

v' Proton Decay
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v neutrino mass form experimental observation: 2Am3, = (7.6+0.2)x 107" eV*

|Am3,| = (24+£0.1)x 1072 eV?
the neutrino oscillation sin? 2, = 0.87+0.03
The flavor of neutrino is actually a mixing sin’ 2653 > 0.92

of three mass eigen-states.
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Overview of LFV search

Low energy experiments
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LFV topics at ATLAS

« SUSY V. to eu/et/uT search
v 7TeV 35pb-!, publication on PRL : Phys. Rev. Lett.106,251801

v 7TeV 1fb-1, publication on EPJC: EPIC Vol.71, 12(2011)1809

v' 7TeV 5fb-1, publication on PLB :_PLB_29354

«/Z’> eu search
v'7TeV 35pb-1, published together with v _on PRL
v 7TeV 1fb-', published together with V. on EPJC

* stop 2ep continuum search
v 7TeV 2fb-1, publication on EPJC: Eur. Phys. ]. C (2012) 72:2040

* (=)4-lepton search
v 7TeV, 5tb-!, published on JHEP: JHEP12(2012)124

v 8TeV, 21fb-1, conference note for Moriond: ATLAS-CONF-2013-036

* u+displaced vertex
v 7TeV 35pb-!, published on PLB: Physics Letters B 707 (2012) 478-496

v 7TeV 5fb-1, published on PLB: Physics Letters B 719 (2013) 280-298




LFV search details
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V_=—>el/eT/UT resonance search

35pb-1, 1fb-! analyses focused on eu channel only
5fb-1 analysis is extended to eu/eT/uT channels(t: only hadronic decay)

0 A generic search for a heavy resonance decaying into ey, LT or et final states

o RPV Lagrangian:
1 “—

Lp = gtk | (PLi€ri€jr + €LiVL;€Rx + VLi€Li®RK — CLiVLiCRE) +

Decay

¥ o~

Nijie {PLidrjdpy, — €giurjdp, + vridpjdry — epitpjdpg +

Production _ -
\ E"Lz'dl-jdﬁk — ELiuLdek} + h.c.

o Small backgrounds due to the requirement of two different flavor leptons

o RPV couplings: 1’5, A5 (i k) , other RPV couplings are assumed to be zero.




V_=—>el/eT/UT resonance search

Trigger

Based on a single

electron or mu trigger
= 2010 trigger

Table 5: Triggers used for the ey analysis in 2010 data.

Period Triggers used

A-E3 L1_EM14||L1_MU10

E4-G1 EF_el15_medium/| |EF_mul0_MG
G2-11(167576) EF_el15_medium/| |EF_mul3_MG
11(167607)-12 | EF_e15_medium| |[EF_mul3_MG_tight

= 2011 trigger 1fb-!
EF €20 _medium || EF_mul8

Period Run numbers EF trigger Int. luminosity [pb~!]
u 2 O ] ] tl‘l gge r 5'ﬂ:)_.I eu channel and et channel

D-] 179725-186755 EF_e20_medium 1695

K 186873-187815 EF_e22_medium 562

L-M 188921-191933 EF_e22vh_mediuml 2393

p1 channel

D-1 179725-186493 EF_mul8_MG 1469

J-M 186516-191933 EF_mul8_MG_medium 3181
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V_->el/eT/uT resonance search
Event selection

 Single electron OR single muon trigger
« Data quality cuts
« Good primary vertex

« Exactly one electron and one muon with opposite charge

(veto the 3nd [epton)
 dphi(/,,/,)>2.7

Added in 7TeV, 5fb-1 analysis
* Pt(e/n)>Pt(T)

Objects’ selections followed mainly the
recommendations from ATLAS performance group

10
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V_->el/eT/uT resonance search

Reconstruction of di-lepton invariant mass

For ey channel, it’s pretty easy

For et and pt channel, there’s missing energy

* missing energy is from only one v
« 1 decay finals are heavily boosted due to large M,
« neutrino and the resultant jet are approximately collinear

Reconstruct the v by supposing m =m_ g [Collinear approximation

;:n-25(}_""|""|""|""|""|" ~ 200 T T T T T T T T
g L ATILAS Simulation g | ATLAS Simulation _
E 200 M. before » comacion . E 150l --— m.. b=fare v comection |
X E —— M, after v comection ] & ——m,, aner v comecton
§ 1s0F 3 § .
= . 7 =
- M, 0GeV - 1o M, =800GeV -
100 : 3 . : ]
C A ] 5ol _
50 pre ] i
- ﬂ_i . B v f :-.-""“"'-‘_:_-n'jdh it N
jinatan k3
T = R | PN R T THW BPRSTRTEN BT R | YT ) . dnn_ ST
% 700 500 300 400 500 % 300 400 800 800 1000
mg., [GeV] m., [GeV]

Dashed line: before v correction Solid line: after v correction

[
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V_—>el/eT/UT resonance search

Background estimation

* Physics background
» [2TT
» [>ee

- jet fake background

> Wjet

> Zouu » QCD multijet

> ttbar
> WW/WZ/77
> single top

4 T |
Well known brocesses MC often doesn’t provide good
P predictions of these fake bkgd

¥ G

Use the corrected MC simulation to Use data driyen mthod- to
predict their contributions Estimate their contributions
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V_->el/eT/uT resonance search

Background estimation: Physics background

5
Got from corrected MC simulation Q\O‘

W Ztautau W single top
W ttbar M ttbar
W/Z+gamma = WW
M single top = Z(t0)
- WW m Z(ee)
WZ
Physics backgrounds Physics backgrounds

action in 1fb-1 analysis (en channel) fraction in 5fb-! analysis (et channel)

13




V_=—>el/eT/UT resonance search

Background estimation: jet fake background
For 35pb-! & 1fb-' study, Matrix method is used

» Matrix method

L: loose selection

« 2%2 matrix T:tight selection
N~ Nr — fNg . R: real Iepton
Ni = Ng +Nr B ey : -
—> eN) — N
NT = ENR-|-fNF N; — L Tf <
e—f
= Ax4 matrix « g: from Z(>ee/up) control sample
Nrr Fel'y Fefu feru fefu Nirr O “tag & probe” method
Ni| _ | rell=ry) re(l—fu) fell=ry) fel1=fu) N - f: from di-jet control sample
Nir (1 _"'c‘}-"p “ re) fu (1= fo)ry (1= fe)fu Nrg O lept hich back—to-
Nl [=r)(=ry) (=)= fu) (A=f)(=r) (1= £)(1=fu)) [Ner eptons WhICH are back-to

back with a jet

O E,miss <15GeV; M;<30GeV

Isolation (Etcone40 for e/Ptcone40 for p) is used as the discriminate
variable from “Loose” to “Tight”

- More details: Phys. Rev. Lett.106,251801 14




V_=—>el/eT/UT resonance search

Background estimation:

Process Number of events
Z/y =11 54+7

t 5T£9

ww 134 = 1.7
Single top 46x09
4 0.79 £0.11

Instrumental background
Total background
Data

For 35pb~! & 1fb-! study

—

Process Number of events
1t 1580170

Jet fake 1175+120
Zly*— 1t 750 £ 60

Ww 380 £ 31

Single top 154+ 16
W/Z+y 8213

WZ 224423

ZZ 2.4840.26

Total background

4145£250

Data 4053

15



V_->el/eT/uT resonance search

Background estimation: jet fake background

For 5fb-! study, a “Charge based” method is used(specially used for T channels)

N = N+ N, 4+ NE +N%

W+ jet Z—-tr others
— 55 o 5§ 55 55 Others:
= Toep X Nocp ¥ 1jor X Nipyjor + 120000 X Noyoe 4 Tathrs X Noiars | 201 Gtbar, W, single top

N%

rocp = 2L =1, » assumption
— OS: opposite sign events

Pwejer = 3 = L+ Kwajers SS : same sign events

FZorr = 7'-,55_}” =1+ ;‘,-Z—?TT'!

J.MDS
— her —
Vothers = MOEEEJEH =1+ -‘E-rafhgrsa '
" arhers
05 _ pg5S L % n| S
N o Niﬂl:ﬂ + {k Izt NE:-: 5 kathnr«: N athars ]

$ 3

largely based on callision data control samples GOt from MC

[
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V_=—>el/eT/UT resonance search

Background estimation: jet fake background
For 5fb-! study, a “Charge based” method is used(specially used for T channels)

Derivative for k4 7o determined in a control region of W-+jets events.
same cuts applied for signal +
an additional requirement of

osdata o5 MC
L I high E7™ others.high ET™ |
W+jet = F'tjer — 1 = ssdata 55, MC -

high EP*  others.high E7™

Derivative for iy 0 X Nt .
W+jet W+ jet A factor obtained from W+jets

MC to correct MET from
>30GeV to ALL MET region

N, - Determined in the same control region
’ g5, MC
Ny jet.all
55, MC

W+ jethigh EF=

ss.ddata 855 MC
high Efl‘”*‘ athers. high E‘]“l‘"”

kW+jea‘ X Nsniﬂer = -Ifo'+jer X (n

- For more details: arXiv:1212.1272 17




V_=—>el/eT/UT resonance search

Background estimation:

For 5fb~! study

mee < 200 GeV

mep > 200 GeV

Process Ney Ner Nur N, Ner Nur
Z/v* — 17 | 1880 £ 150 4300 £ 600 5300 =+ 600 8+ 1 24+ 3 28 +4
Z/v* — ee 1050 + 80 44 +3
Z/v — pp 3030 =+ 290 29+ 3

tt 760 += 110 96 + 18 94 +14 | 251 +30 9015 70 +£13

Diboson 260 = 27 b7 £ 8 60 + 7 71 +8 26 +3 24+ 3
Single top 87 + 8 11+2 941 39 +4 10 + 2 8+1

W+jets 420 +260 3500+ 700 3200 £+£600 | 90+40 370+=80 470+ 110

multijet 37 +13 22004+ 700 730 + 230 6+2 150 =50 24 + 18

Total
background

3440 + 300

11200 £ 900 12400 £ 800

460 + 60

720 £ 80

Data

3345

11212 12285

498

795

Z(=>1l), ttbar, Wjet are the dominant backgrounds

[

Good agreement between data and expectation



V_=—>el/eT/UT resonance search

Control plots: data Vs. MC Plots for 5fb-

U e 108 F L e e T3 - i
0] = ATLAS * Data E L . ot
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V_=—>el/eT/UT resonance search

For 5fb-!

a
systematiCs ey channel et channel
S EE— F—— Sources uncertainties with m(e, 7) < 200 GeV' | uncertainties with me, r) > 200 GeV
ources ncertainties ncertainties
eccacti 0, Y
mie, i) < 200 GeV | m(e, u) > 200 GeV MC cross-section L0% L%
M rroce-cectinn 3 504 5 RO Tﬂgger 0.6% 0.4%
Trigger 1.0% 0.9% Luminosity 12% 09%
Luminosity 1.2% 1.7% Electron ID 1.3% 11%
Electron ID 2.6% 1.5% Tau [D 47% 2.8%
Muon ID 1.3% 1.1% Electron scale and resolution 0.9% 1.1%
Electron scale and resolution 1.0% 1.1% -soale 2% 17
M resoluti 0.8% 1.1% . .
_ _uoumo . On_ b ° Missing E7 uncertainty 42% 6.2%
Missing Er uncertainty 4.2% 6.5% -
- - Electron charge misID 0.8% 1.5%
Electron Charge misID 1.0% 1.3%
. 0/ 0
rocp 0.1% 0.1% foc 20 2%
MC W+jet shape uncertainty 0.6% 0.9% MC J'+jetshape wncettanty LT 36%
MC ## shape uncertainty 1.8% 1.7% MC Statistics L9% 6.7%
MC Statistics 53% 10.2% Total systematics 78% 9.1%
Total systematics 6.9% 9.4%
ut channel
Sources uncertainties with mi(u, v) < 200 GeV | uncertainties with m(u, ) > 200 GeV
MC cross-section 2.8% 3.0%
Trigger 1.0% 0.8%
Luminosity 1.8% 0.7%
Tau ID 2.8% 3.5%
NIom 1D TT% 9%
Tau scale 2.6% 3.6%
Muon resolution 1.1% 0.9%
rocp 0.6% 0.3%
Missing E7 uncertainty 3.4% 8.6%
MC et shape wnceniamty 6% 33%%
MC Statistics 1.8% 8.6%
Total systematics 6.6% 11.3% 20




V_=—>el/eT/UT resonance search

Limit setting

Bayesian method is used to set limits for v_search

= Bayesian theorem

[[P(n|s,b,e)P(s)P(b)P(&)dbde
P = 177 P(P(nls,b.€))P(s)P(b)Ple)dsdbde

“Sup

P(sjn)ds=1—o  (1-a=95%)

0

= Flat prior for signal cross section and Gamma prior
for background and efficiency

1 1 x
Gamma(k,0) = f(x;k,0) = §Wx“ les

forx >0and k.0 >0

[



V_=—>el/eT/UT resonance search

Limits to new physics
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V_=—>el/eT/UT resonance search

Limits to new physics @ 95% C.L.

Limiton o xBr. [ Limiton o xBr. LimitonoxBr. | LimitonA’;;; | LimitonA’5;; [ LimitonA'5,

Analysis
y eu channel et channel ut channel eu channel et channel ut channel

35pb'@ATLAS >660GeV <2.4x1072

1fb-'@ATLAS >1.3TeV <5.6x10-3
5fb-T@ATLAS >1.6TeV >1.1TeV >1.1TeV <3.0x10-3 <1.1x1072 <1.1x1072
1fb-'@CDF >550GeV >440GeV >440GeV <2.6x1072 <4.5x1072 <5.5x1072

Limits on o x Br. : @ 1'5,,=0.10, 2%,5,=0.05
Limit on A5, : @ M=500GeV, %;5,=0.05

23




Summary for V. resonance search

« Performed 3 studies based on different integrated luminosities,
and made 3 publications

> 35pb-': Phys. Rev. Lett.106,251801
» 1fb-': EPJC Vol.71, 12(2011)1809
> 5fb~': PLB(accepted) arXiv:1212.1272
« The data are found to be consistent with standard model predictions
* Limits are placed on the cross section times branching ratio for an RPV SUSY

sneutrino. These results considerably extend previous constraints from

Tevatron experiments

24



Z'> el resonance search at ATLAS

There are two analyses based on 35pb-' and 1fb-! which made 2
publications together with tau sneutrino resonance search.

extension to the SM
Zl
extra U(1) gauge symmetry

aZ' = 1T = Iz (Q”) M

PUT An 144 (M2 - M2,)2 + MA T,

M: invariant mass of the lepton pair

M, : the mass and of the Z’
I, : total width of the Z’

g, : the gauge coupling of the Z boson
QY- i,j=1,2 (1fore, 2 for mu)

Sequential Standard Model (SSM)

Zr
—_ e =

-+

=1
—
E—

25



Z'> el resonance search at ATLAS

Event selection and Background estimation

- Event topology is exactly the same with v_analysis
« For both event selection and background estimation, we followed the
same method for tau sneutrino search

S0l A S B B R L S S L

ATLAS o Data 2010 Instrumeantal 3 t IAI‘HI_A:SI TN Data sott I-Fakelkg '
E=7TeV — Total Bkg. [0 WW/WZ © Jo=7 ToV — Total Bikg, W21z
= ol Tup: - 'u’:l
& = det=1.0.-' w2
8 .
w0 w ! H
=
[T
=
L
% s
g 5
= &
= E fa
U_....|....|....|....|....|....|....|....|....|...._ PRI SR W SRR TR TR N TR S SR T T SR RN SN ST T T S T S TR S S T S '
0 100 200 300 400 500 600 700 800 900 1000 0 200 400 GO0 8OO 1000 1200 1400
me, [GeV] m,, [GeV]
. ; -1
Invariant mass of eu @ 35pb! Invariant mass of ey @ 1fb

Data and MC are in reasonable agreement !
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Z'> el resonance search at ATLAS

Limits on Z’ search

Mass (GeV)  Search Window (GeV) Ny €9

selc

o(€)  Npy.

elc

Mass (GeV) Njye Lumi(phb™") o(Lumi) (pb™") &, oleq,) Npyy (expected) 700 550-850 3 0.594 0014 28
700 0 35.2 3.9 0.503 0.012 0.67 800 600-1000 3 0.610 0.014 23
800 0 35.2 39 0496  0.012 0.67 900 700-1100 0 0610 0014 12
900 0 352 39 0486 0.012 0.67 1000 750-1250 0 0614 0014 09
1000 0 35.2 3.9 0481 0011 0.67 1500 1100-1800 0 06l0 0014 02

2000 1600-2400 0 0592 0.014 0
o6 —r—FT—"T—"T—"—r—FT"—"+—"—r1" 77— _. 25r ]
- ATLAS — Dtearvod LimE . 2 L ATLAS —=— Obsenved Limit i

— - ——- Expact . . —_— - = —&r- Expectad Limit -1

28 05 NE =T TeV I:IEW:t:* i @ on = Vs =7TeV [ Expested Limit + 1o |

: - - i - - -1 [ Expected Limit + 20—

= - JLdt:EInSph1 B xpoctoa Lime + 20 3 £ - JLdtz‘l.D?fb ]

# 04 3 4 » .

o 03— 3 N - -

= C ] é 1ok ]

T oo2f = e F .

o C . C ®Neom.. 7

-3 - ] S .

e 04 — —] 5 C _

0 :' L L L L L L 1 L L L L 1 L L L L 1 L ': 0 C 0o v v v b b b o b by 1
700 800 Q00 1000 800 1000 1200 1400 1600 1800 2000
m- [GeV] m,. [GeV]

Limit on o x Br. Vs. m,, @ 35pb™! LimitonoxBr. Vs. m, @ 1fb!




stop—>ed continuum search at ATLAS

« A search for eu final states in the t-channel
« Exchange of an R-parity violating scalar top quark
« Continuum search using 2.1 fb=1 of 7TeV data(2011)

Lagrangian
d v e 3
131 N R
o~ T —s T :
W = ﬂ:-jk:.”dkf! § E
| i T3
" | ;
U: the up-type squark field _ __!__ \ E
d: the down-type quark field E'______-é—*‘ ” lv!';--——g_______u i ]
l: the Iepton field 3 G 106200406 400506606700 8068001000
A: the coupling at the production vertex my, [GeV]
i, j, k: fermion generations * .
Invariant mass of stop
’ ¢ 252
do 547

At AN 2 (7= m2)

where § and 7 are the usual Mandlestam variables in the dd center-of-mass frame, N. = 3 is the color
factor, and mg is the scalar top mass.

28




stop—>ed continuum search at ATLAS

Objects & event selection

« Single electron OR single muon trigger
« Data quality cuts
« Good primary vertex

 Exactly one GOOD electron and one GOOD muon with opposite charge
) 4 W

Staco muon (author 6)
o pr>25GeV
o g <24

Author 1 or3
pr > 25 GeV

Inl < 1.37 or 1.52 < |5l < 2.47 (fiducial region) o Combined muon

isEM::Tight ¢ Pass MCP recommended muon selection criteria:
p%andﬂfp]_ <0.10

E%‘J‘”"w;’ pr < 0.15

- Require b-hits if expected

- Number of pixel hits+number of crossed dead pixel sensors > 1

— Number of SCT hits+number of crossed dead SCT sensors >= 6
- Number of pixel holes + number of SCT holes < 3

AR(u) > 0.2

- For [y < 1.9, require n > 5 and nyprowtiers < 0.9n and for [y| > 1.9, require Ny growtiers < 0.91
if n > 5, where n = nygraits + NTRT outliers AN N7er R, denotes the number of TRT hits on the
muon track and nyprowiiers denotes the number of TRT outliers on the muon track

o P pr <0.10
. E%Gm’zoffp]_ <015




stop—>ed continuum search at ATLAS

Background estimation

Process Preselection
* physics backgrounds : tf 2800 + 400
: : Zly* = 1T 1210 £ 110
Got from corrected MC simulations WW 640 + 50
Fake background 290 + 40
Single top 270 +40
WZ 36+4
o Hi ” W,l"'Z-F}' 20+£7
jet fake” backgrounds 77 40 =04
Followed exactly the same method with Total background 5300 + 400
_ . Data 5387
tau sneutrino search: 4x4 matrix method

Signal (my =95 GeV) 240 £ 15
Signal (my = 500 GeV) 3.05£0.18
Signal (m; = 1000 GeV) 0.305 £ 0.018
Details on) slide 14

Event observation and sig/Background estimation

30



stop—>ed continuum search at ATLAS

Data Vs.

Events / 25 GeV

Data / SM

Events / 10 GeV

MC

T
ATLAS
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& Total Background
Top

LYy =TT

Ml Fake Background
Diboson

III| IIII|I.lI| IIIIIII.l| IIIIIIII|
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L e e
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% Total Background
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&Y —tT
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——
IIIII|

1 ]
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E7'™* [GeV]

[

Events / (n/16)

Events Data/ SM

Data / SM

I I I lllllSignal [rln:= a5 GE"II":lz

ATLAS
o Total Back d _|
10 ILdt=2.1 ! ﬁT:pa ackgroun 5
WM&y 1T E
Ml Fake Background
1 Da Diboson
10° =
10 =
1.5 7
1 l‘: ety
0.5 - . . . .
0 0.5 1 1.5 2 2.5 3
Ad,, [rad]
ATLAS ' " axes Signal (M= 95 GeV) 3
el &% Total Background
104 j-Ld[=2.1 fi Top _
iy —tt E
Il Fake Background
10° - 1 Diboson _
100 -
10
1.5 '
0.5

i 2z = 3 -4
Number of Jets
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stop—>ed continuum search at ATLAS

Further event selection

Due to no mass peak, it’s not enough to use only the invariant mass
distribution of eu to provide adequate separation of signal and bkgd

~ m, >100GeV

< Ag,, >3.0 » Optimized by maximizing the significance
E™ <25GeV
o N,-et =0 Process Final selection
WW 234:33
N el 2y = 1024
& E w2y Top o] Fake background 9.6+19
2 L i B ok Backgrouns Wz 0.76 + 0.31
g 10g 3 i 0.25 + 0.17
@ F : Single top 0.22 = 0.20
e - W/Z +y 0.04 = 0.04
- - 77 0.042 + 0.028
5 °f Total background 44+ 6
E 600 . Data 39
Mey [GeV] Signal (m; = 95 GeV) 67 + 5
Signal (m; = 500 GeV)  1.28 + 0.08
Signal (m; = 1000 GeV)  0.124 + 0.008
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stop—>ed continuum search at ATLAS

Systematics
Source Fractional Uncertainty Applicable To
Luminosity 3.7% Signal + All Background
Trigger 1 % Signal + All Background
Electron reco and ID efficiency 2% Signal + MC Background
Muon reco and ID efficiency 1 % Signal + MC Background
Jet energy scale 3.6% Signal + MC Background
Electron energy smearing 0.9% Signal + MC Background
Muon momentum smearing 0.3% Signal + MC Background
heoret 088 section . MC Backeo
E7"™* Uncertainty Signal + MC Background Only
MC Shape Uncertainty WW Background Only
Matrix method Instrumental Only

The mainly systematic sources are:
Missing Et, WW MC shape and jet-fake background estimation




stop—>ed continuum search at ATLAS

Limit setting

- Since no excess is observed in data, limits are set on o5,

m,,, distribution in a single bin for m., > 400 GeV is used

- A modified-frequentist approach is used

using a binned log-likelihood ratio (LLR)

~ CLgs CLg.p = j P(s + bjx")d(LLR(s + bjx")) s: signal
= CLb L]_Rfihlx} b’ bkgd
CLy = [ P(blx")d(LLR(blx")) x': data

« LLE(h/x)

CL;
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stop—>ed continuum search at ATLAS

Limits for stop search

TTTT TTTT TTTT TT T TTTT ﬂ—
Q) 10° - ..qln.,qsl —— Cl:bserved lell | 3 ﬁ 3
e R - Expected 95% CL Limit] 10° 1
ILdt=21fb1 I:I Expected Limit= o 1 & E
' [ Expected Limit£20 | & E
i —— Theory o i i
|:"-'13| 1231' = |'-"'-'1.3:' 12‘3.;' =0.05 xlﬁ 4
o F 107 .
o [ 95% CL Exclusion =
................... ‘4.5 ]
x 10° E

100 200 300 400 500 600 700 800 9001000 .® 100 200 300 400 500 600 700 800 900 1000

(a) m: [GeV] b) m; [GeV]

observed 95 % CL upper limits on o(stop — ep) Excluded region for the PDF weighted sum of couplings

M0p=95GeV
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(=)4-lepton RPV search

“Leptons” refers to electrons or muons

* including those from T decays

« does not include T leptons that decay hadronically

Super-potential term
Werpy = AijkLiLjE_k

*i,j,k refer to the lepton generations
* L:lepton SU(2) doublet super-fields

Several scenarios, eg.
Pair production of

% >W+5,
~ o “simplified model”
g—>49Y,

~ +0vQ
T —>TY, =

“MSUGRA model”

e (ph)

i (H i F’]H-"{

A1
(a)

e (p) et Ve(Uy)

& (i) / (ve)

/’ID‘ f J'_,tlt"‘l

)tm )ﬁm

e (ph)

T / Xy / é/ Vu(we)

A1
(d)
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(=)4-lepton RPV search

Objects & event pre-selection

 Single e/u trigger and double e/u trigger

« Data quality cuts

« Good primary vertex

Electron

» pT>10GeV, n|<2.47,remove crack
» tight
> calo isolation & track isolation

Jet

> AntiKt4

> pT>20GeV, [n|<2.5
> JVF>0.75

Signal region selection
7TeV, 5fb-1

2 signal regions

8TeV, 21fb-!

Muon

» pT>10GeV, n|<2.4

» |d0| and |z0| requirement

» calo isolation & track isolation
» track quality

dR(jet,lepton)>0.4

Tau(hadronic)

» pT>20GeV, n|<2.5
» JetBDTSigLoose
» electronVeto

Selection SR1 SR2 _ _
Number of leptons =>4 >4 meg = BE7 + Zp"{- -+ Z ET + ZE#}
» Z-candidate veto  veto [ E i
ER'ss [GeV > 50
Mg /GeV = 300
SR N(f=e,u) N(r) Z Candidate E}“i“[Ge\f’] mef[GeV]  Scenario
' SROnoZb >4 >0  extended veto =75 or >600 RPV
SR1noZ =3 >1  extended veto >100 or >400 RPV

[
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(=)4-lepton RPV search

Bac kg rou nd estimation Same strategy for both 7TeV and 8TeV analyses

Irreducible background reducible background

process has at least one “fake” lepton
v Jet fake
v’y conversion

events with four real, isolated leptons

estimated using a weighting method

[Ndaata(3€s + £1) — Nmoine(3€s + £1)] x F(£L)
- [*Mdutu{ggs + ELI + ELQ] - *MT'-'[Cirr(QfS + ELJ + FLE }] bt F{ELl} X F{ELQ}

{s: signal leptons
. £,: loose leptons, which are tagged leptons failing the
signal lepton requirements
Estimated from F= 3 (of x R x fi)
corrected MC samples i

i is the type of fake (heavy-flavour leptons or conversion electrons)

i is the process category the fake originates from (top quark or W/Z hoson)

atio of tagged leptons faked as “signal” vs. “loose”

Got from MC =

eighting factor according to fractional contribution of the process

o' fake ratio measured in data divided by that in simulation

More details: JHEP12(2012)124 38
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(=)4-lepton RPV search

Background estimation

8TeV, 21fb-"

7TeV, 5fb-!

Selection SR1 SR2
SUSY ref. point 1 6.5 0.6 7.1 0.7
SUSY ref. point 2 42406 4.5+ 0.6

L7 0.14 £0.11 0.51 £0.30
ttZ 0.023 +£0.014  0.029 = 0.016
ttWW 0.0044 4+ 0.0035 0.005 = 0.004

¥, Irreducible 0.17 £0.12 0.54 + (.31

Reducible 0.8 +0.8 0.18 £0.26

¥ SM 1.0+08 0.7+04

Data 3 2
pp-value () 0.05 (1.7) 0.07 (1.5)
Tvis Obs (exp) 1.3 (0.8) 1.1 (0.7)

Sample SROnoZb SR1InoZ
ZZ 050 £0.26 0.19 = 0.05
ZWW 0.08 £0.08 0.05+0.05
ttZ 075035 0.16+£0.12
Higgs 022+007 023+0.06
Irreducible Bkg. 1.6 +0.6 0.62+0.21
. 0.14
Reducible Bkg. 0.05%4s 1.4+1.3
Total Bkg. 1.6 £ 0.6 20+£1.3
Data 1
po-value 0.5 0.15

No significant excess of events is found in the signal regions.
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(=)4-lepton RPV search

Limit setting results 7TeV, 5fb-"

"_‘1{]{]0|||||||| TTTT [T T T T[T 1T T [TTT o T T T T LI LI T T 1
> ] | | == Observed limit (1 oaasr) g 70 | ATL;S l === Observed limit (21 Cay)
g- 900 — ATLAS ~—— Expected limit (10, - C ~ J- ) ~—- Expected limit (+15,,)
- C s=7TeV | Ldt=471 Bl <40 Gev
800 — iE =7 TeV J Ldt=47 fb-.l LEP exclusion 60 __ ThEl:lr-I':"‘tIl:ﬂ."}' excluded
- - DO exclusicn - RPV mSUGRA EA xf LsP
70 e W W Alllimits at 95% CL 50 e =;1::na§;1 Eﬂ-ﬂ Al limits at 95% CL
- . - - —  m,=A,=0Ge —
'E‘DD :_ 2?—:’ E*E“r"u e I-I-:‘I‘rE- .- —: : '1 - D,T LSP - :
500 - ¥ = o --._f..l -
a0 | l i = - ] B
E QA : 4'1' ] 30 ; il .
300 & | = - & .
F O N ] 20 i | -
200 i — ¥ : ]
3 4 E 10 | E
:| 111 1111 —+"I'+T-i-.i’| | 1111 | 1111 | 1111 | 1111 | 111 I: B | | 11 1 | 11 1 ’ "'.. 1 1 | 1 1 1 | 1 11 | 1 1 1 i
0 100 200 300 400 500 600 700 800 900 1000 200 400 600 800 1000 1200 1400 1600
rni; [GeV] m, , [GeV]
“simplified model” “MSUGRA model”
Chargino masses up to 540GeV are excluded m; ,, below 820GeV are excluded when
for LSP masses above 300GeV 10 <tan B < 40
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(=)4-lepton RPV search

Limit setting results

Mo [GGV]

1800

1600

1200
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800

_o
p—)xx|—>WxWx|. Xy = v I A=0

T
LAS Prellmlnary explored LSP mass range: /

J-Ldt:ZO.?fD,l'E:STeV 10GeV < mo<m:-10GeV

Opserved IMIt (£1o,.o)

- Expected limit (£1 sm)

_ ATLAS 4L 8TeV 13157 <Ov
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All limits at 959 CL

[=JNNNN]
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<

(a) Wino Ay2; #= 0

—— 0 =0 -0 -
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———T [ T T T[T T T T T T T T T
ATLAS Prellmlnary explored LSP mass range:
10 GeV < M. < m;-10 GeV

j Ldt=20.7 5", {5=8 TeVw

= Observed limit (£1 o)

Expected limit (x1 o-m}
ATLAS 4L 8TeV 1317
not explored

({\94 A

P
1800
rng[GeV]

A
1400
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(c) Gluino A2, #= 0

* Wino model:

[

8TeV, 21fb-!

I R o -
pp—>x+x1—>w x|‘\N’x|. Ay =V I Ag =0

= 6800 T T L B e B e I HL e s e T
8 - LAS F'rellmlnary explored LSP mass range: e "
= sool _[Ldt:zo_ﬂb,E:STev 10 GeV<m.<mg - 10 GeV__» =
S g =
— Observed Iimil{t1ﬁf";:;} Z /1; > —
C Expected limit (=1o,,) 1), . -
400— ot & . —
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300— e i
E o .
- ]
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e — .
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0] 250 300 350 600
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(b) Wino ;33 #= 0
ppaﬁﬁaqtﬁ”qqz“’; P o U S

:—,-14007....}- i B
8 — AT AS F'rellmlnary explored LSP mass range: _
=.A200[— JLm:zo,?frj,Fs:aTev 10 GeV < my, < my- 10 GeV T
E C e L~ -
Observed limit (£1cpamy) O Fa o =
1000j Expected limit (£1c5,) 9 - —_
— not explored — » -_ —
800 [l limits at 952 CL o 7
= — -
E - -
600~ — —
— -
400— —
200 — ]
P R N T E N B R -
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NLSP masses of up to ~ 750GeV (~
¢ Gluino model: NLSP masses of up to ~ 1400GeV (~ 1000GeV) are excluded

(d) Gluino A;33 #= 0O

400GeV) are excluded

for Ay21 (Aq33)
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Muon + displaced vertex search

€ Search for long-lived, heavy particles in final states with a high pT muon
and multi-track displaced vertex (a distance of order millimeters to tens
of centimeters from IP)

& performed 2 searches with 2010 35pb-' and 2011 5fb-! respectively

Rum 165821
Ewent 1605517

An example of DV with a high-pT track SUCRA scenario,

Under such a scenario, processes are simulated in
which a pair of squark is produced:

q9/939/99 —qq/9a/qq + %%’
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Muon + displaced vertex search

Event selection

1
« Event pass L1_mu40 trigger S 09 ATLAS simuiation o e
* PV: N >4; 121<200mm : 100 Gov g dps cay 4 Mo st
Displaced Vertex(DV) selection W My
| | RGN TR Py
« In pixel region KV, .‘i: * +ﬁ;ﬁ+*
 vertex recon quality
* transverse distance from PV >4mm linpn a .y
* ntrack>3 z ®  Event selection
® mDV > ]O GeV E ATLASSfMUIBHDﬂ B Vertex selection
« veto vertices within regions of high- E 700 GeV § 108 GeV i, 4 Muon selection
. :
density material "‘“famh\\ "ﬁw A
Muon selection N e
-;“‘“‘“nu ‘H
« staco mu ‘m m
* pT>45GeV(>50GeV for 2011 data) —r .
° |1’]|<].07 [W[mm]
e |[dO|>1.5mm(for 2011 data)
* Match with L1 trigger The efficiency as a function of rp, for

« SCT&TRT hits requirement vertices in the signal MC samples
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Muon + displaced vertex search

« data 2010
] Dijet MC ]
[ w.z mc ATLAS |
[ ttbar MC 3

Background estimation

Vertices / 0.1 GeV

JLdt =33pb" ]

Data Vs Mc in the control region, ‘
mpy < 10 GeV and before applying

the material veto

Vertex mass [GeV]

—— 13
* data 2010 1

« Background events to satisfy all the selection criteria is N L mazn
5 10°F B w.zme =
extremely low I [ b ]
* use background MC samples to estimate the number of m_ ArLas ]
data events of each background type 'E J“‘“”Pb"—;
10-1;7 3
2 4 6 8 10 12
In 20] O data.: Number of tracks in vertex
no events are observed in data N —
£ L * data —
fewer than 0.03 background events are expected S Clomuc  aras |

In 2011 data:

no events are observed in data
fewer than 0.06 background events are expected

o o b Lo b b L Loan Lol
0 20 40 60 80 100 120 140 160 1
Vertex rg,, [mm]

More details: Physics Letters B 719 (2013) 280-298
‘
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Muon + displaced vertex search

systematics

*performance of vertex reconstruction algorithm
* Pileup
« Signal PDF

Dominant sources
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Cross-section x B.F. [pb)

Vertex mass [GeV]
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Muon + displaced vertex search

Results

Sianal region

ATLAS
J-Ldt =33 pb”

W e b

- Data 2010
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L L | L L L
4 5 6 78910
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.| T
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g E
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I L IR ELELEEE | 4 SEIEILE S ¥ T
19 . i ATLAS
=7 TeV

1L B ML

B HH

PROSFPIMNG 700 GeV squark pair production

del-th"

Upper limits at 95% CL on the

o x Br. vs. the neutralino lifetime
times c (light speed)

Y i —
1

n resrwrwrwa|
10 1™
ot [

s a1l 1

2011 4.4fb-
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Summary

« We have performed 5 studies aiming at LFV search based on

/TeV/8TeV datasets, and made 7 publications

« Data are found to be consistent with standard model predictions,

thus limits are set based on different models

« 8TeV analyses for LFV are on their way, and more topics are

included
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The ATLAS detector

25m

LAr hadronic end-cop and
y, forward calorimeters

Pixel detector
LAr electromagnetic calorimeters

Muon chambers Solenold magnet | Transition radiation tracker
Semiconductor tracker

‘
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V_=—>el/eT/UT resonance search

Control plots: data Vs. MC

> qQrE T LA ML B > LA SR B A B BN
8 ATLAS . 1I?atall 5310 Il Instrumental 8 e ATLAS o Data2011 [ Fake Bkg. j
e —— Total Bkg. WW/WZ fa_ —— Total Bkg. WWWZ/ZZ 5
3 10° Ns=7TeV Top e V(650 GeV 0 \s=T7TeV Top e 7,(650 GeV)
? . J. Ldt = 35 pb Bl Z/y >t — Z'(700 GeV) P det _1071" W Zy—w  —-Z(700GeV) N
o = -

> S

T 5 m 10 E|
E; ..... E|
107 =

e - 10—2

s =

= n

% - + g
8 c 4 E 8 .
09760 200 300 400 500 600 700 800 900 1000 0 200 400 600 800 1000 1200 1400
Me, [GeV] M, [GeV]

Invariant mass of ep Invariant mass of ep

Reasonable Agreement
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V_=—>el/eT/UT resonance search

systematics

Source
Luminosity
Trigger efficiency
Electron Reco & ID efficiency
Muon Reco & 1D efficiency
Zly* —TT cross section
WW and WZ cross section
ZZ cross section
Ttbar cross section
Single top

Wy, Zy cross section

-

For 35pb~!' & 1fb"!

[

Relative uncertainty

3.7% (11% for 2010 data)
1%
2%
1%
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V_=—>el/eT/UT resonance search

Limits to new physics
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