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Toroid magnets
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. e Detailed discussion of each analysis not possible in a summary
. talk like this

» Concentrate on motivation for analysis and results rather than the
details: references given for those interested

- . » All public results available on the web, papers are all freely available
. (no expensive journal subscriptions required!)

= https://twiki.cern.ch/twiki/bin/view/AtlasPublic 1
| » | » Only possible to highlight recent and/or important results here § =
| » ATLAS has been producing ~100 papers/year! T
» Focus on top, Higgs, SUSY and recent exotics

e Generally analyses shown use the most recent data
» 2012 data: 8TeV centre-of-mass with 20.3 fb luminosity
» Some summary results also include 201 | data: 7TeV; 4.57fb”
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i * e First run of ATLAS has been extremely successful
{ » Run from 2010-2012 and collected 25 fb-' physics data

» Data taking efficiency for 2011 and 2012
= 93% recorded, 88% for physics

Total Integrated Luminosity [fb"]

K L0 ] o e s s
- ATLAS
25— Preliminary 2012, \'s =8 TeV
- .LHC Delivered Delivered: 22.8 b
20 - Recorded: 21.3 b
— [ |ATLAS Recorded Physics: 203 fb"
- .Good for Physics
15—
~ 2011,\s=7TeV
10— Delivered: 5.46 b
- Recorded: 5.08 b
[~ Physics: 457 o’
S
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. *Operating at /7 TeV (20]0-1 I) and 8TeV(20 | 2) centre of mass |
y » ~80% of data recorded at 8 TeV -

: : 33 -2 - |
* Instantaneous luminosity reached 8x10°" cm™s™ with 50 ns
bunch spacing
» Collisions per bunch crossing slightly above design
AL B B B B N B - T e A
y = \as /IRy \as /IRy VasRiv — Q 455— Vo =7TeV Vo= 7TeV \s=8Tev
£ _ ATLAS - | § 4 E_ATLAS
s - Onling Luminasity - | 2 %0 Online Luminosity
n ~ 1§ 30E ;
5 6— “[§ TE
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y Challenging Environme

Ik

P Z— puu with 25 vertices
&8 ® This provides a very ﬁ

. . !‘[::-
challenging environment &

for physics analyses! L

=

§

» Multiple proton-proton
collisions in each beam
crossing provides a lot of
in-time background

=
™

» Use vertices to separate

a collisions
®
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. Single top production useful for
measuring Vy e
» Using t-channel production
¢ Select events with two jets (one b- ; -
tagged) plus isolated e/y and MET «10°
bl o Backgrounds significant L0 400 7 A8 erotmren [ Ldt=203 16" 15-8 TV ]
2 | ttbar, W/Z+jets to NNLO o 300_SR A
» di-boson to NLO % B . chamel
o | » Multi-jet with jet faking electron D 200k Enzn:jlfi;:i diboson |
”f * Analysis uses “NeuroBayes” tehgenriner.
~+_ 3 layer neural network with complex 100
input preprocessing -
* Result assuming aMC@NLO in pb: § 9 . -
op = 82.6 £ 1.2(stat.) & 11.4(syst.) - E’E _O_SE | | .
3 1 (PDF) £ 2 q (lumi) A s 0 02 04 06 Ncl)\.|8OUtpUt1
2014-06- 02 ALBERTA PHYSICS

R Moore

Productlon

A\ 7
2 ¥,
eSS
T
1) APl Y
. 1 .

.\ e . 4




A o A CF S NI (. b cemm I A JHN. N S TR

N RSN ST | SN TR
- . ®* Combination of ATLAS, CMS D@ and CDF top mass

measurements arXiv:1403.4427

} TevatI‘OI’\I Tevatron+LHC m, .. combination - March 2014, L =3.5fb"-8.7fb"
CDF Runll, I+jets

top
= | 96 TeV OF Rur

ATLAS + CDF + CMS + DO Prellmlnary
— i =i 172.85 = 1.12 (0.52 = 0.49 = 0.86)
- CDF Runll, di-lept
= up to 8.7 fb e ———s
CDF Runll, all jets

170.28 = 3.69 (1.95 + 3.13)
} LHC CLBIZ:SI;ENI, E?issﬂ'ets

172.47 + 2.01(1.43 £0.95 = 1.04)
=7 TeV A

= ——e— -]
E eeeeee—] o
i@t 174,94 + 1.50(0.83+0.47 +1.16)

o=1 174.00 = 2.79 (2.36 = 0.55 = 1.38)

173.93 + 1.85(1.26 + 1.05 = 0.86)
DO Runll, l+jets
- |
= up to 4.9 fb

e Channels
included:
» leptontjets
» di-lepton
> all jets

4 MET+]ets
o U T

;/ 2014-06- 02

ATLAS 2011, l+jets

Ly, =471

172.31+ 1.55(0.23+0.72 = 1.35)
173.09 = 1.63 (0.64 + 1.50)

ATLAS 2011, di-lepton

VIS 2011, T+jets

.Y ey

e — e — 173.49 = 1.06 (0.27 = 0.33 £ 0.97)

CMS 2011, di-lepton _— — 17250 + 1.52(043 = 1.46)

CMS T alers e 173.49= 141060 =123

World comb. 2014 % " =221 =4 =1 173.34 + 0.76 (0.27 + 0.24 = 0.67)

| | tote}I (stat. syst.)

165 170 175 180 185
mtop [GGV]
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. iy " ATLAS Prelim. |—o8at) — Total uncertainty
 eHighlight of Run | was the [ "=’ ., —o@) 7 ony
discovery of the Higgs ®  [i— ar N
b o weASTe | =
oson S Hezew [E[ fammn
» Final Run | analyses still . |1|44ossj§;§ S e
underway: expect completion &= 2 w=t00®2fE | R
. e# U [Combined +01 5 =
Ty 3T e | LER
o Y = — -
* Recent results for Higgs < [wzH_ bB
w=02071"0"
decay channels . R e
— TT (8 TeV data only) +g:j
» Boson decays well established, — L =N
fermion channels less so b qogen |
» Slight excess in H signal Combined 0 T
w=1.30"" 00 | N
017|008 | L., IS B i A

» Not statistically significant
(O'X BR)/(O-X BR)SM , \s=8TeV [Ldt=20.3 fb"
g A0 il il
20I4 06- 02 R Mqre |

\s=7TeV [Ldt= 4648 ~0.0 O 05 1 15 2 %
Slgnal strength (w)

} % -
UNIVERSITYO DEPARTMENT OF
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e Can also compare the
signal from different
production mechanisms

» VBF vs. ggF+ttH
e Consistent with SM but

vector
boson
fusion

large uncertainties

g gluon-gluon
g9  fusion

ttbar associated

ll:‘i [T | | | | T T T | T T . . ]
> 10, standard Model PR ATLAS Preliminary -
=T - x Best fit ' 1 ]
N 3 - esocL . Vs=7TeV [Ldt=4.6-48f" -
1o 8 .. gswclL " Vs=8TeV [Ldt=203f"
= - : .
- —H—yy _]
6 B —H—>ZZ" -4l |
- — H = WW* - v
L H— 1t 7]
4 ]
20 ]
O B
: my, =125.5 GeV :
_2 | 1 | 11 | | | 11 | 11 | |
2 -1 0 2 3 4 5 6
vy,ZZ* WW* T
‘ 7 7 ggF+ttH :
h y . ’F A »
. , \-S‘ -, S
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!, Higgs Fermlon COUplmgs -

O, RN SR | 7RG
. ¢ Coupling of Higgs to bosons well established

» Discovery channels were YY, ZZ and WW

e Coupling to fermions is the current chaIIenge
10— r .

» Two approaches
= associated production

\/s= 8 TeV

I RRALL
11 LIl

LHC HIGGS XS WG 2012

10
= direct fermion decays

- ke Both difficult
1 »SM: o(ttH) ~<0.2 pb

» bb and TT decays 107
have large BRs but

o(pp — H+X) [pb]

llllll | llllllll | llllllll

ITII 1 IIIITITI | IIT”H] | ITIIIIII

107
large backgrounds o 190 oo o 460
P A D L <l = oo NNITRLGST
} UNIVERSITY OF DEPARTMENT OF
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.o New search from ATLAS

AN = T
S - ATLAS Preliminary —o— Data
» Look for ttH production with 2 25:—{) ;:;:;0'3 i temiTey 5%‘%8;23 o
- tt+light
H—bb :>_: - >4j,24b Et%w%
e Require | or 2 semi-leptonic |20 S=h
L non-tt
(e,u) top quark decays r 777, Total unc
: 15—
» High pT leptons have low r
backgrounds L
o] 1 jeeeas
» top mass large enough that lepton W
will be isolated .
* Cut events where lepton
- invariant mass close to mz s O ;
" | o :
b T i O 125} P
Z+jet event backgr.ound , % |77 //////////////I////W ///////
» No MET cuts required E g 078 — 11
» Tag b-jets via displaced vertex 051208 06 04 02 0 02 04 06 0.8 |
NN output
* Neural network used for analy5|s ,
ﬂi A0 i R, S~ GENNGY $ 2 e
. UNIVERSITY OF DEPARTMENT OF
2014-06- 02 R. Moore $,ALBERTA PHYSICS K
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Lo New search from ATLAS
| » Look for ttH production with
H—bb
* Require | or 2 semi-leptonic
(e,u) top quark decays

» High pT leptons have low
backgrounds

ATLAS

Preliminary

» top mass large enough that lepton
will be isolated

* Cut events where lepton
. invariant mass close to mZ
| » Z+jet event background

» No MET cuts required

888 Expected+ 1o
------ Expected 1 20

- (Observed
...... Expected ( p:‘ )

l i 1 i i i 1 l i i i l i A A

» Tag b-jets via displaced vertex : 95% CL limit on c/csj atm :1025 Ge\1/2 }
* Neural net used for analysis . ATLAS CONF-2014-01 1

wl A0 W T W e TeNURGY $2C e
| RSITY OF DEPARTMENT OF I4
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TiepThad, VBF Result

i, a2 e RN PR N S0 TR .S \7"

Evndence_of H‘_'*TT 9

wt, ., + ev,., VBF SR ATLAS Preliminary_|

f L dt=20.3fb" —— Z?:az .

—_— — Tt
1otL's=8Tev. H(125)— tt (u=1)
B Z- e
B Others
o Fakert
772 Uncert.

10°

Events /0.17

-1 -0.5 0 0.5 1
BDT score

SO Y T
8 2014-06- 02 R Moore

= 1438 st 04y syt )

e Use both hadronic and leptonic
tau decays in combinations
» lep-lep, lep-had and had-had

* Two production types considered
» gluon fusion & vector boson fusion [ ©

* Boosted Decision Trees

» Same technique used for tau ID
both offline and in the high level
trigger a

» Largest backgrounds from Z, tt and * '.
jets faking taus |

* Evidence at 4. IO‘ (3.20 expected) f\

» mp=125 GeV/c signal strength of
full combination:

\ . / \J
UNIVERSTY OF DEPARTMENT OF
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f Higgs Fermion Couplmgs 4

[ -
| T T 1 ,_-
s W

4 _
~§ T gfiﬁsvi’{il'f"iii?_' %_ ;J: * H—bb has massive QCD
S o) - !j‘ background
S 0.6 + - = » Look for associated
8,4 - g production with W/Z or
£ 1 | tEbar
= o§¢ B ’jhfilrse@f?fi * Major backgrounds:
50 100 150 200 250 » W/Z+bb, tt, di-boson
3 R pannay T e L ook at events with 2+3
B 120 VH(D s=8Tev [Ldt=203f" g
; EE:()‘(; - } - jets, 0-2 leptons & 2 b-tags ! ®
N |3 E - » W—lv, Z—ll, Z—vv [[=e,u] +
: j ; e Result is 95% CL limit at
o i | .4 times SM expectatlcn
CETTREET 150 155 130 155 120145150 | fOI" m|_|—|25 GeV/c

-
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- _i ® Spin measurement uses a
L Phys. Lett. B 726 (2013), pp. 120-144

statistical approach ATLAS
. H ¢ Data
» Assume only one particle A LI o
contributes to resonance Ho 22" " reuming JF = 0°
\s=7TeV [Ldt=461b" B:ic 94 =

* Compare different JP
possibilities
0" (ZZ*,WW,yY) [SM],
0°(ZZ), 1:(ZZWWH),
2 (ZZ* WW* YY)
' »Z/W decaying to e or y
e Spin-1 strongly disfavoured by
~_ existence of Yy decay
* Result: exclude other spin-

N parlty states at 2-30 level |
. AL ST W o b o R
711 2014-06- 02 R Moore ’

\s=8TeV [Ldt=20.7 b’

H—- WW* — evuv/uvev
\s=8TeV [Ldt=20.71b"

M R = T A

UNIVERSIT YO} DEPARTMENT OF

LBERTA PHYSICS
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Higgs Cascade Decay
Requires:
m(H)>m(H*)>m(h)
and that Am>m(W)

! .
’.‘ 7 =
—"
Q
S
~
e
—~
S
)

" LSRR N N o
8 2014-06-02
e R N e =

R N WP A
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e AN g, T
o SUSY requires at least 2 Higgs
doublets

» At least 5 Higgs bosons to find!
= 3 neutral: h, H A (CP odd)
= 2 charged: H

e Even without SUSY 2 Higgs
doublets possible

¢ Two main search methods

» Direct production of a new Higgs | |
particle |
» SM deviations due to H*
participation in electroweak ;\
Interactions |

= Different mass and couplings
compared to a

* Higgs cascades even possible!
W NGy $ e

UNIVERSITY OF DEPARTMENT OF |8

i ”v' oy "..._. V\“:ﬁ A‘ﬂﬂ"—"——'x ‘\"



e Final state has 2 W bosons+2
b-jets
» Require one W to decay
| leptonically (e/p)
" | «SM Backgrounds
» ttbar dominant SM background

(Data - SM) / SM
566 ocopo

ATLAS \s=8TeV | ¢ Data j L=203"

M
- Wsjats
Other
-=== BDT threshold

m, = 625 Ge

, BN ONLD =

Uncertainty

0.8 -06

04 02 0 02 04 06 08

BDT output
Trained for m,m, = 1025, 625 GeV

(t— VVb)

> 900

e Use Boosted Decision Tree to S
separate signal and background @ =..
2 roof

* No excess over SM
backgrounds observed

» Limits still above predicted O

but close in high myo/Mp+ area

- R T e————
7l 20I4 06- 02 R Moore |

ATLAS

400

L

- HSW'H'

. J.Lduzoalb’ \s =8 TeV

500

yh°'W'w'

->bbW*W*

600 700 800 0 1000
H Mass (GeV]

RTA PHYSICS
AR SR

Signal (1.00 pb)
— 1025 GeV

\"

95% C.L. Upper Limits [pb]

~ 2 O ~ - N r N P
N N - -

UNIVERSI

B
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Invmble HI

* New physics also offer the
intriguing possibility of
“invisible” Higgs decays
» e.g if the SUSY LSP is light

enough a Higgs can decay to it

= | SP has weak cross-section so
no detector interaction

* Need a production channel
with other observables to see |
a recoil from the Higgs ‘
» ZH associated production

(shown here)
» but also VBF and ggH (monojet) &

= Coming soon...

2 2 fp— 5 r N T
TR 7 RS
s & LN 3 -

UNIVERSITY OF DEPARTMENT OF

ERTA PHYSICS
eV R | . . 4

) , 3
: \S=7|eV.]Ldt=4.5fb —— Observed 95% CL limit
% 1s=8TeV,[Ldt=2031"
ZH = ¢ +inv.

PR RN R N
350 400
m,, [GeV]

2 | PSS S PSR SRS BEPERP TRt b ek T
150 200 250 300

Possible invisible
Higgs decay
with SUSY

q
A T R S ey

20|4 06- 02 R MOore
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Supersymmetry

N A
|

7,
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" *ATLAS has also searched for production | = Electroweak Neutralino

of other SUSY particles

* Two categories: |
» Strongly produced particles: squarks, gluinos
» Weakly produced: charginos, neutralinos

* Searches complicated by huge size of
SUSY parameter space

» Decay of particles varies depending on the
precise choice of parameters

» Common feature is missing transverse
energy in many models

= R-parity conservation — LSP stable
» R-parity violating models also considered
» Also models with long-lived particles
* Recent search considered final states
with 4 leptons [arXiv:1405.5086]

* Also a purely general search
[ATLAS CONF-2014- 006] | Plus

4-lepton signature
14

l 4
Strong, gluino  RPV, Lepton no.
4-leptons  violation models |

other models

S - Iml UNIVERSIET'Y O F DEPARTMENT OF
R Moore RTA PHYSIC

OI4 06 02

T\ S . 4



CF 0 SWEEEEERREE '\ &~

’% "'ﬂM\"’ i

’" NE‘N‘* 4-Lepton Search e :
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NEl-
o
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=
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Q
N
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(O]
Q)
N B8
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[
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+
5
~~
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PN
A 20|4 06- 02 R. Moore

10 A TL A S SR2noZb ¢ Data 2012 4 Total SM =
Reducible Mzz
B s=8TeV J-L dt=203f" Mz Wz
Higgs VVV

—

o
T
I

==L A0, m(l X0)=(225,100) GeV 3

10'2:_JULE |...|..|....Vvvyyy,1//é

0 200 400 600 800 1000 1200 1400

M [GeV]
2 T T | T T T | T T T | T T T | T T T | T T T | T T T | T
10°E ATLAS SR1Z ¢ Data 2012 %< Total SM =
= Reducible Mzz
- Vs=8TeV J-L dt=203f" Mtz Wz .
10 Higgs VVV —
= ==+l Aygg#0, Ml 70)=(225,100) GeV 3
1€
10
102

IIIIIIIIIIIIII;IJ 1 l 1 & 1 ll
0 200 400 600 800 1000 1200 1400

o [GeV]

RY L «W

e A - PN S . f%"a\‘ q
r

. Many p055|ble SM backgrounds
considered
» diboson, triboson, Higgs, top
+boson(s), ttbar, single top, W/Z
+jets and multi-jet
» Jets can fake electrons

* Nine signal regions defined
based on:
» Number of taus vs. e/p
» Missing ET
» How the Z mass veto, or
requirement, is applied

* As expected backgrounds are
very small and in agreement

with data

UNIVERSITY OF DEPARTMENT OF
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Lepton Scarch

S \m‘}’l %* iy

PPN S

RPC, Z

RPC, sleptons

10 =

1T T 1 | 1T T 1 1T T 1 1T T 1 | 1T T 1 | UL | N 3‘ _I_ [ [ [ [ I I I L I | I L I | I I T T I I _I_

B A TLAS T Observed limit (10 “?f’,”’) ] %) B ATLAS ]
- _] 2102 1 _

C f Ldt=20.3fb", Vs=8 TeV ----- Expected limit (£10) - o 10°E j Ldt=20.3fb, (s =8TeV -
- - 7 ] c - ]
2 %o R I Fr X Al limits at 950/7‘9'_“. E g B 7‘2 . Z%? ]
L i = : _
C @) - m 1 B = m(x.) =0
i Xy) = m(x,) . CTJ 10E 1 =
C SN _ Q F . ]
B 6\(\\.\ N i % N - - Expected limit (+ 1 o) -
B ,,,,, s \ 7] Cl) B ——— Observed limit i
L - theory
— — 32 1 == pp - X23X23 (=1 )
L _ KQ]
L _ »

\
I:
I:
I:
I:
I:
I:

1

|8

I
I:
I
I
I
I
I
|

2l
107 100 150 200 250 300 3%0 400
(GeV] | M, [GeV]

L S g TN A
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200 300 400 500 680
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E‘”“ulumc)s and Squarks

w"\ — e .;JL o g, E
_ *Gluinos and squarks strongly produced o
» high cross-section if mass in reach i_.ﬁ

* Stop squark mass is a key ingredient to &
prevent Higgs mass floating high

L 4

gluino mediated stop
production limits

: . g g production, g— ttx m(t ) >>m(Q)
>Keymot|vat|onforSUSY 1600_| ||||||||||||||||||||||||||||||||||||||||||||_
» Expect stop mass to be close to - ATLAS _ E
2 1400 - f Ldt=2031b" Vs=8 TeV i
electroweak breaking scale(s400GeV/c ) | - | .
| 1200 - 23ame -charge Ieptons/%ulse;ptons + jets ]
® Decay chain depends strongly on e Obsenved it (1 0,
| ---- Expected limit (1 0;) 1o
mOdel 1000 — —— O lepton, 7-10 jets, \F—8 TeV, 20.3 fb™ ==
[ —— 0lepton, >= 3 bjets, Vs=7 TeV, 47fb1 :>< i
» Expect leptons from SUSY partners of gop [ Allimis atase oL - 12
W and Z - ;g ‘
* Recent search : 1=
» 2 same sign or 3 lepton events 400 |- 1 ¢
A i 19 |
» No excess observed so set limits n0o L2 19
* We can also look for direct stop pair ST U ¢ T

production without gluinos
» Many channels searched and summarized

T R S
20|4 06-02 R. Moore :

600 700 800 900 1000 1100 1200 1300 1400 1500
m. [GeV]

Rl aw 4
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1.t, production

or 20 TN

- Stop Pair Production

I AN A \LSTHEEOLE ath ThOAER. T SR ANTD. . . AN ST

Status: Moriond 2014

_ ATLAS Preliminary

L, =20 - 21 fo"' {s=8 TeV

OL ATLAS-CONF-2013-024

L All limits at 95% CL

- CDF 2.6 fb''[1203.4171]
400

20I4 06 02 P
w. Y N

i oL, Tt

| == (QObserved limits L, 4~ 1t

- 2L, t—>tX
500 === Expected limits 2L, —>be

OL, mono- Jet/c tag —C X
oL, m.= =M+ 5 GeV

12Lt—>bx,m =106 GeV
1L, t—>bx,m —150GeV
2L, t—>bx1,m =y - 10 GeV
12Lt—>bx m _2><mo

———

(0]
—

1L ATLAS-CONF-2013-037

2L [1403.4853]

2L [1403.4853]

OL mono-jet/c-tag, CONF-2013-068
0L [1308.2631]

2L [1403.4853]

1L CONF-2013-037, OL [1308.2631]
2L [1403.4853]

1L CONF-2013-037, 2L [1403.4853]

T—ci T=Wby /T—t%, -

OL [1208.1447]
1L [1208.2590]
2L [1209.4186]

2L [1208.4305], 1-2L [1209.2102]

1-2L[1209.2102] -
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| °Very new result for squark/glumo productlon with zero Ieptons and 2 6

jets + MET in final state
» Limits shown for mSUGRA SUSY models

mMSUGRA/CMSSM: tanfs = 30, A = -2m,, u>0

;‘ | ‘\I \ | ‘\l“\ I‘\ ! I“\‘\\l ! I‘,\ .\\--L-\TI'"I‘~"._\&__” | I\\ ! ! ‘,\I‘\ | ‘,\I ! ‘,\I | —
Q C |- |\ o Vol \Al T e —e—
O, 900 N '\"\\A \' \\ \ \\ \\ \ 7 EA\S _‘I‘. \ _\l _% -
N — \ | \BETAE=__ 0 \T \ L
e C ol Nl ' \\;;-\-.-.*L A L_o_lt__—_\zosfq @_8 TeV'
800 [— U I - W V- S O O R T —
B O Rt 2 _§(ig0ceyy, \S -
- % \% \\v\ -9 {1800 Gev), \ OUepton 261er .
".‘ “‘ \ - -\ - —_— | —
C )\ S N VRN i s s S S i
700 — ‘\\\-Y\_\\\a__"‘ \\\‘ \\ \ \ \ \ IOTT Expected\ll‘m“f(ﬂ O, -’;_
— N ERnE R © Gt \ [ Y S
C \\\‘\X NG PR iR SR T —\- Observed|I|\Pn|t (¢10838Y)—
C \f A R N PR
600 — k\i\*k\
: \ \ \\ [ b \ S R s
= (TR CR TR )\ S S Win o U SRt S I SO S |
| O T T B S N e S U T S S et R S s
500 H | | T S e O e G
L)LY ! i
o SRR R e T e e, I -
= R b, ———— S
400 A C\“\"-\-\X\\‘\\§ _\ \ |\ | | 1 R T ;. L I_ |
[\ \\\ BN *\ ---- - ———.L-\ .1 \ [ g \ ! e Peeeteend -
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\\\\ v\ \\\‘ i\ i\ I T | ! Lo\ =
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1000 2000 3000 4000 5000 6000
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Large Extra Dimension models

bredict possibility of Black Hole
broduction at LHC

» Alternative solution to hierarchy

Black Holes

%104:_'"'|""""I""I""I"'_:

problem 0] = ATLAS Ldt=20.31b", (s = 8TeV =

S B electron channel ]

= Planck scale at ~TeV, gravity diluted 5 10°F R oun =

by extra spacial dimensions g B it (Ftea SHERP)

- ™  (Fitte _

» Disfavoured b)’ BICEP2 I‘GSUltS 102% :I&é?éé(ﬁ%\gé%wﬂ% %

= gravity coupling at ~2x10'° GeV oL B, T

» Decay to all SM particles via - gy T

Hawking radiation e E o -

- - £ ST ST ]

= Not black body: disfavour low energy N 2 | -

A p 10

. AL 2 1-‘2‘5‘::’:::::':::::':::::':::::':::::':::::':::::;Ef:;%:ﬁit’:‘:":;";>i>;j; [

N . ) 3 '1:«‘&%/«%%%éé%%fééé;éé%é 1/ :

> Trlgger on one hlgh PT eorp R NN M ¢ 17
» Look at scalar pT sum of all 1000 15002000 2500 Se [G;?]OO
particles with pT>60GeV/c | ) [

A 7 il S 4 ‘*-‘m R 4
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Extra Dimension

Normal Dimension
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Black Holes A

e | * No excess over SM backgrounds '
—omidl | 4 observed
I Exp = 10 (n=6) E

5.8 L » Set limits using ADD models

* Three parameters
» Mp: scale at which extra

T/ T T ror T
l Obs¢|arved (n=2)—
---- Expected (n=2)

: -
48 E dimensions ‘turn on’
N N | » M,,: threshold mass for ‘classical’
M, [TeV]

BH production
» n: number of extra dimensions

e Set limits in Mp vs My, plane

» Different limits depending on
whether BH is rotating

» Comparable limits if invisible
graviton emission is allowed

= Gravitons propagate in ED and so
M, [TeV] ‘ are not seen in detector

Y S
R Moore

T T T T T T
Obs<|arved (n=2)
---- Expected (n=2)

—— Observed (n=4) -

----- Expected (n=4) 4

—— Observed (n=6) 7]

----- Expected (n=6) —

I Exp =10 (n=6)

......
...

..
~

ST

N -. i
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' E“"/‘r'llgh Mass Dl-lept;ns A

‘"“‘&'\ SRESNST NIF RN SR TR B INTRBTIN, £FT —
- . * Another recent exotics search is for high mass, di-lepton resonances
~ [arXiv:1405.4123]
» e.g. Z’ bosons, RS graviton excitations etc.
' ® Only consider electron and muons
» Easy identification, low backgrounds
|| ®Data consistent with SM backgrounds: Drell-Yan, top, diboson
| > Detector fake rates, e.g. jet— electron, measured from data

107 T I T T I T 107 T I T T T T T T T T I
ATLAS ® Data 2012

)]
< e Data 2012
10° 2 0zn* @ 10 Q,TiAs Dzv*
— ee .Top quark L Hi .TOp quark
10° f Ldt=203fb" BDijet & WJets 10° f Ldt=205fb" Cbiboson
Diboson
10* Vs =8 TeV Z'SSM (1.5 TeV) 10° 's=8Tev £ SSM(1.5Tev)
3 [Jz SSM (2.5 TeV) 5 [Jz SSM (2.5 Tev)

10 10

10? 10?

10 L 10 ' ;

1 1 i
Fed 10" 10"
_c 1 4 1 ! 1 1 1 I | : -O 1 4 ! 1 1 1 1
Q M ] Q S
s A PP 1&1“{ | ] s AL R Y- .%|+ L]
L%)_ 8_2_""“""""""“"""""“" T — L%L 05 (AR AS ul]
g 0.08 0.1 02 03 04 05 1 > 3 4 g 0.08 0.1 02 03 04 05 1 P 3
o Mg [TEV] ) m,, [TeV]
.~ AN o TR ~
., R 1 ~. M

N

014-06-02 R. Moore
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NeW‘rhgh Mass | Dl-leptons
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N, RSN S O . .\ & s
o Limits set depend on model
'3‘ ] ] ] | ] ] ] ] “ I\l \l‘ \‘l ] ] ] ] ] ] ] ] | ] ] ] ] | ] ] ,I I_
jon \ ATLAS s N — Observed limit Z'., |
o \ RN N — Observed limit 22,
© V Is=8TeV \‘ ' \:\‘ — Observed limit Z’w
102 = M\ — Observed limit Z* _
— ‘\‘ ' \\:\‘ =+ L'ssm —
- s 2y :
: \‘ \\ \tt mi Z,lp :
‘\ ‘\ /"
10-3 . ‘\ ::s T
E “ . \\‘\\ E
- ce f Lat=20310" N N ‘ §
i f Ldt =205 b * e
10—4||| A T NN N N T T N N NN T T NN N N N M RN N B S T 2 S A N
0.5 1 1.5 2 2.5 3 3.5
M, [TeV]
ﬂ\ Ve R, e Y il CiaNUEERGY $2LC e
ERSITY OF DEPARTMENT OF
20I4 06- 02 TA PHYSICS 30

R Moore

. Ml Y




AV CF 0 AW ()" oty oo

LHC_RunZ

OEEIN RSN N R A , e A g, T ®
.- Major work to upgrade machine in light of 2008 disaster |
& 3,000 splices reconstructed
» 27,000 shunts installed

* Result will be that the machine will operate close to
. | design specifications

==l ) |3-14TeV centre of mass energy

ﬁu » 25 ns bunch spacing

=~ e Run 2 will start in March 2015

» Initially with 50 ns bunch spacing and high luminosity
= Expect as many as ~80+ interactions/crossing

= Move quickly to 25 ns spacing: fewer interactions/crossing but up

to 3 crossings inside detector at the same time!

o A T il S ~—. a W O GSNNEGY 4
. UNIVERSITY OF DEPARTMENT OF
2(F 2014-06-02 R. Moore _ ;
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~ ATLAS Upgrades
U, RN S RO A N 7R
. ¢ ATLAS upgrading to cope with new conditions!

¢ * Pixel detector extracted, repaired and re-inserted
m ¥ » Readout fraction up to 98.8% from 95%

» Insertable B Layer (IBL) inserted (8th May 2014)

= |[mproves b- tagglng and plleup performance

},

f 2014-06-02 R, Moore
4 . WY M, N




~ ATLAS U

DN, SRR SR .
. e JSignificant trigger and DAQ upgrades

» Expect factor 5 increase in rates from luminosity and energy! &

1K Upgrade trigger rates
| » L1 from 75 kHz to 100 kHz, essential for 2x103*cm™s™!
4 s‘f » Total readout rate from 400 Hz to 500/1000 Hz

= Puts a lot of pressure on offline computing to store and process a
far larger data volume

» Developing parallel algorithms to better utilize modern
computing hardware: GPUs and hyperthreading

-~ *New hardware based tracking trigger: FTK
» Provide reconstructed tracks without large CPU overhead

T Barrel initially, complete by ~20I6
v‘: ‘_@m J\ il{y Sz - ITY DEPARTMENT OF

74 2014- 06 02 R. Moore &, ALB TA PHYSICS 33
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Conclusions 4
T PR E S R S ARHE SHNE s R
- *Run | provided some amazing new physics
» Discovery of the first fundamental scalar particle

..but no explanation as to why it is so light vs. Mpjanck

1 ®Run 2 will effectively double our reach for new, high energy

physics

» Provides what will likely be the best chance for a major new
discovery at the LHC

= Future luminosity increases (HL-LHC) will only slowly improve our
energy reach

2 °TantaI|Z|ng hints from BICEP2 (if confirmed!)
» Gravity coupling scale roughly equal to SUSY GUT scale

o R, e U ~. n B e.m 4
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E‘”“ulumc)s and Squarks

’%‘\ SIRESNAT NI R _,J..L i v AN p S
_ *Gluinos and squarks strongly produced 7
» high cross-section if mass in reach i.;,,/j

* Stop squark mass is a key ingredient to &
prevent Higgs mass floating high

gluino mediated stop
production limits

c . ag production, - tt/ m(Q) >> m(’) Vs = 8TeV LHCP 2014
» Key motivation for SUSY ~ AR RAARI RAARY AL AAAMARARS REARS RARE
8 1000 - ATLAS 95% CL limits. o5 not inchaded —
- = Expected O-epton, 7 - s L =203m’'
» Expect stop mass to be close to 4 <. I Intenal L i O 2030

Expected 0.1 L,=2011 i

electroweak breaking scale(s400GeV/c ) |

 ®Decay chain depends strongly on
model

» Expect leptons from SUSY partners of
W and Z

e Recent searches
» 2 same sign or 3 lepton events

w= Observed AT _4
Expected -2 '
=== Observe” \ -
% \ °

400

,,/"’/
l 1 L 1 l 1 1 1 l 1 1 1

» No excess observed so set limits

* We can also look for direct stop pair
PrOduction WithouthUinos WETI ENETE FRET FRRTE rew (R | TR PRl M e
600 700 800 900 1000 1100 1200 1300 1400 1500 1600
4 * Many channels searched and summarized A m; [GeV]
a7 il ~—. a W OGESNNEGY $C e
. UNIVERSITY OF DEPARTMENT OF
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SUSY Summary

)/ LY TN R TR AR SN S TN T AT o — ¢ Il G IR e TIROSERDTT AESNTRSE. 1 W s s

ATLAS SUSY Searches™ - 95% CL Lower Limits ATLAS Preliminary

Status: Moriond 2014 f.[:dl‘ — (4.6 _ 22_9) b~ ! \/_ =7,8TeV
miss - - .

Model &M, T,Y Jets EI™ [Ladm™] Mass limit Reference
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 9,8 1.7 TeV m(G=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM Teu 3-6 jets Yes 20.3 4 1.2 TeV any m(g) ATLAS-CONF-2013-062

s MSUGRA/CMSSM 0 7-10jets  Yes 20.3 g 1.1 TeV any m(g) 1308.1841
.QQJ 94, q—>qX Ly 0 2-6 jets Yes 20.3 q 740 GeV m(¥})=0 GeV ATLAS-CONF-2013-047
e 28, g—>qu 1 0 2-6jets  Yes 20.3 b4 1.3 TeV m(¥})=0 GeV ATLAS-CONF-2013-047
® 2% 3—q9th —>qu*X | 1en 3-6jets  Yes 20.3 4 1.18 TeV m(¥Y)<200 GeV, mF*)=0.5(m(¥})+m(z)) ATLAS-CONF-2013-062
2] 33, g—>qg(€€/£v/vv)xl 2eu 0-3 jets - 20.3 z 1.12 TeV m(¥))=0 GeV ATLAS-CONF-2013-089
L  GMSB (ZNLSP) 2e,pu 2-4jets  Yes 47 & 124TevV tang<15 1208.4688
‘B GMSB (£ NLSP) 1-271 0-2 jets Yes 20.7 g 1.4 TeV tang >18 ATLAS-CONF-2013-026
S  GGM (bino NLSP) 2y - Yes 203 |2 1.28 TeV m(E})>50 GeV ATLAS-CONF-2014-001
ES GGM (wino NLSP) lepu+y - Yes 4.8 m(¥))>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(EY)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e¢,u(Z) 0-3jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet Yes 10.5 m(g)>10"* eV ATLAS-CONF-2012-147
S5 gobbt) 0 3b Yes 20.1 z 1.2 TeV m(¥!)<600 GeV ATLAS-CONF-2013-061
S QEJ g—17X) 0 7-10 jets  Yes 20.3 z 1.1 TeVv m(¥}) <350 GeV 1308.1841
T oy 80N 0-1e,pu 3b Yes 20.1 z 1.34 TeV m(¥7)<400 GeV ATLAS-CONF-2013-061
C2 BobiX| 0-1e,u 3b Yes 20.1 z 1.3 TeV m(¥7)<300 GeV ATLAS-CONF-2013-061
b1by, b1—>b)(1 0 2b Yes 20.1 by 100-620 GeV m(¥])<90 GeV 1308.2631
w = biby, b=y 2e,u (SS) 0-3b Yes 20.7 by 275-430 GeV m¥T)=2 mxY) ATLAS-CONF-2013-007
=.9 7#7(light), /i —b¥T 1-2e,u 1-2b Yes 4.7 1 110-167 GeV m(¥))=55 GeV 1208.4305, 1209.2102
S S #night), f — Wbt 2epu 0-2 jets Yes 20.3 7 130-210 GeV mFY) =m(7)-m(W)-50 GeV, m(7;)<<m(¥}) 1403.4853
&8 fifi(medium), 7 —m\/? 2e,pu 2 jets Yes 20.3 A 215-530 GeV mEY)=1 GeV 1403.4853
= '5_ 7171 (medium), 7 —>b)(1 0 2b Yes 20.1 71 150-580 GeV m()??)<200 GeV, m(/\?f)-m()Z?)=5 GeV 1308.2631
S+ #i7i(heavy), zl—>tX0 1e.pu 1b Yes 20.7 i 200-610 GeV mE%)=0 GeV ATLAS-CONF-2013-037
:” © 771 (heavy) btl —X) 0 2b Yes 20.5 2 320-660 GeV m(¥?)=0 GeV ATLAS-CONF-2013-024
n s N, ok 0 mono-jet/c-tag Yes 20.3 7 90-200 GeV m(7)-m(¥})<85 GeV ATLAS-CONF-2013-068
7171 (natural GMSB) 2e,u(2) 1b Yes 20.3 A 150-580 GeV m(¥})>150 GeV 1403.5222
by, h—f +Z 3e,u(2) 1b Yes 20.3 A 290-600 GeV m(¥7)<200 GeV 1403.5222
eL ROL, R, t’—>€)(1 2e,pu 0 Yes 20.3 7 90-325 GeV m(¥)=0 GeV 1403.5294
= )(1)(1 ,)(1 —Tv(EY) 2e,pu 0 Yes 20.3 X 140-465 GeV m(¥))=0 GeV, m(Z, #)=0.5(m(¥7)+m(¥})) 1403.5294
UE_I O XX Xt 27 - Yes 207 ¥ 180-330 GeV ) nJé/??)=O~ GeV, m(z, v>=o.5(m¢§f)+m¢§2)) ATLAS-CONF-2013-028
S )(1)( —>£LV5L€(W) VA4 %402%) Se,u 0 Yes 20.3 XX 700 GeV m(ET)=m(¥3), m(¥})=0, m(Z, #)=0.5(m(¥7)+m(k})) 1402.7029
X1X6—>WX ZXb 2-3e,u 0 Yes 20.3 /\:z,)f 420 GeV m¥T)=m(¥3), m(¥?)=0, sleptons decoupled 1403.5294, 1402.7029
XX —WEIRI] 1e,pu 2b Yes 20.3 Xi,%, 285 GeV m(¥T)=m(¥3), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
IS g Direct X1 X7 prod., long-lived X7  Disapp. trk 1 jet Yes 20.3 X 270 GeV m¥T)-m(¥))=160 MeV, T(¥1)=0.2 ns ATLAS-CONF-2013-069
$ < Stable, stopped g OR—hadron ; g 1-5jets  VYes 229 z 832 GeV m(¥9)=100 GeV, 10 us<7(8)<1000 s ATLAS-CONF-2013-057
: DT GMSB, stable 7, X| —7(&, fi)+7(e, 1) 2u - - 15.9 10<tanB<50 ATLAS-CONF-2013-058
' |8 8 GMSB, -G, long-lived ¥} 2y - Yes 4.7 0.4<r(¥)<2 ns 1304.6310
- Gq, X1 —qqu (RPV) 1 u, displ. vitx - - 20.3 q 1.0 Tev 1.5 <ct<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
L LFV pp—v: + X, Vr—e +pu 2e,u - - 4.6 A5,,=0.10, 1;32=0.05 1212.1272
W LFV pp—v: + X, Ve—e(u) + T leu+t - - 4.6 A4,,=0.10, 1,(2)33=0.05 1212.1272
> Bnhnear RPV CMSSM lepu 7 jets Yes 4.7 m(7)=m(g), ctLsp<1 mm ATLAS-CONF-2012-140
% Xl)(l ,Xl T owid? )(g—wev”, euv, 4e,u - Yes 20.7 760 GeV m(¥))>300 GeV, A12>0 ATLAS-CONF-2013-036
X1X1 1> WL X 117, ety Beu+t - Yes 20.7 X 350 GeV m(¥)>80 GeV, A133>0 ATLAS-CONF-2013-036
&—qqq 0 6-7 jets - 20.3 z 916 GeV BR()=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—it, fi—bs 2e,u (SS) 0-3b Yes 20.7 z 880 GeV ATLAS-CONF-2013-007
- Scalar gluon pair, sgluon—gqg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
_"‘:J Scalar gluon pair, sgluon—#r 2e, ,u (SS) 2b Yes 14.3 ATLAS-CONF-2013-051
*6' WIMP interaction (D5, Dirac x) mono-jet  Yes 10.5 m(x)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147

'l I 'l 'l 'l 'l 'l 'l 'l
Vs =8 TeV 1
- - full data 10 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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¥ General SUSY Seal

TNREE, N @RESN T N RO, SRR R
L . ® As well as specific SUSY searches ATLAS can perform more generlc
4 searches [ATLAS-CONF-2014-006]

» Fewer assumptions possible about the final states so less sensitivity
» Need an excellent understanding of the data: any misunderstood detector
effect or background can give a signal

..but may catch a signal which nobody has thought to look for!
x K CIaSS|fy events according to the particles in final state

ﬁ * jet (j), b-jet (b), electron (e), muon (u), photon (Y), MET (v)
e |

B ”é\{iq
!

e 1
L

rches 4

f P
)
2

=e.g. ljlb2u =1 jet, | b-jet and 2 muons in the final state
i » pT thresholds for each object
| =e.g. jet pr>50GeV/c, y pt>25 GeV/c and MET>150 GeV
- *Only sees high pT physics: low pT phenomena or those with large SM
backgrounds will not be seen

* Many different MC samples used to simulate SM backgrounds .
‘; » multijet, Z/VW+jets, Y and YYtjets, W/Z+Y/YY, top quark (pair and single), top &
-, +vector boson, diboson, triboson, higgs .
» R W e e s
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i| General SUS Y Sea rc hes A
TR RSN T N R ,:L X y o N b B
gL o SM expectat|on of >0.1 ‘.’:'T - A= A =wf;‘”’ =
/i 3 i 2 Wz Wz [vrsjes [Jreets [ fake toptons
events in 697 event classes
; |
with 20.3 fb data

» Events observed in 573 classes

» |6 event classes have SM
prediction <0.| but have at
|eaSt I data event | seoo2g! et = q,n“';““ax _ _'s;a.ﬂ.ﬂ'g_ 'm 22

rrr1r1rrrrr1rrr 71711717 17 17 1717 1T 7T T T TTTTTTTTTTTTTTTTTTI
ATLAS Preliminary det=20.3fb'1,€§=8TeV

Hatched = SM prediction
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3 =

=2 events in 2l e5j class

.':E » Most event classes show
. agreement between SM

| prediction and observation
» Observed deviations

rrrrrrrrrrrrrr1rr1rr17 11717 17 171 1T T 1T T T T TTTTTTTTTTTTTT I
ATLAS Preliminary det=20.3fb'1,@=8TeV

Hatched =
SM prediction

Events

o
o
.§~\
v | S

consistent with statistical L M PllA L __
expectation AR R R e
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General SUSY Searche

&'t

-

10°F ATAS Plmnay  Ghamnel:3u b omeco: ® Search event classes comparing 3
e J““_ 2_0'3;“”@ dd AT %SMMomeCaﬂo distributions
N . L | p\./alue 6.5e- 03 =le0$0n ) Scalar PT sum
: Triboson N 2 £
» Visible invariant mass
1 = Defined as invariant mass of all object
10° except MET
o » MET distribution
20 400 600 80 1000 7200 [gog/ | * Algorithm looks for region of
m,,, [Ge A
e e e largest deviation
3 B ' [ o [ [ [ '_ K ’ p
L i variable: m,,, > Bin size based on expected resolution
N | T » Regions where background
Y. 8 ding e coneatons ] : : -
-t oty 1 uncertainty is >100% are discarded
102 = i - [] Ezﬁjndccl)uz)l(r?ge rslyser::tsrﬁa’\lgt?:r:}; = .
= ¢ | ; ® Pseudo-experiments used to
: t 1 ] determine expected number of
10 = g é. = - 1 1
- : = ; deviations with p-value
B L % * Conclusion: data is consistent with
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0 1 2 (pvalu; . SM predictions
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LHC Run n .

&L ° LHC currently preparlng for Run 2 in March 20I5
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LS 3 = Run 4
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Electroweak SUSY

TNREEN N RESN T N
e EW SUSY events have lower cross-
sections but produce leptons in final

AT T -

e

N

( ",
state oo’ 1
» Lower backgrounds: ttbar, single top and ™} \;7\ %
diboson g p i
* Events involve chargino, neutralino or 3 l
. 3 SF channel
sleptons : > 10° Err 5
4 8 E —Q—Da.ta |:|Nf)n-prompt leptons ATLAS E 6—_\
» Decays model dependent but, like SM M v o Tl i ls=8TeV, 203" 1 | [0
TRT : O T o Oew - (mm7)=(1000) . | I
artners, will likely include leptons C g 10°Eaay, | =
P Yy P C 2 WFm § |13
e Recent search looked for 2 e/py + MET m o =0 = 9
ol S R TR B e Y $ 000 ey (ol
in final state 8 og Q|
» 7 signal regions used: 3 slepton, 3 - e < |
chargino+W(Iv) and | chargino f’ 1 X
+neutralino(2) + W(qq), Z(Il) . ; N B
» Lepton flavour allowed to be the same ‘ ; 2% . . ™
(SF) or different (DF) h | ﬂf% " Z./),Jré/#+@%¢¢*+,u iy
0. L e M >
* MC backgrounds normalized to control Y5 8 0 - - - - <
20 40 60 80 100 120 140 s
4 regions and predicted in S|gnal reglons m [Gev] = &
A T il . L N 4
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Electroweak SUSY

gl ® L|m|ts for charglno(I)+neutraI|no(I) and sIepton channels

» Simplified SUSY model: prompt decays, common slepton
masses, chargino/neutralinos are winos

400 _I_ I I I I | I I I I | I I I I | I I I I | I I I I | ;‘ 350 B | 1T 1T 1 | T T 1 T T 1 | T T 1 | L | L ]

- ATLAS —— Observed limit (=10 .01) o ~ ATLAS —— Observed limit (+1052%) ]

350 F e voom ey Expected limit (+10,,)  _] 300 Lo Ldt=203 " (scgTey  ---- Expected limit (s10,)

- Jat=203M7 Vs = —— ATLAS 471", Vs=7TeV = [ Lat=20310% Vs = _ o -

- %%, 2 x WE) -2 x vy, [l LEP25 (103.5 GeV) 5 ~ Tale = IR I LEP2 i excluded .

300 L mp=(m +m, )/2 All limits at 95% CL i 250 [ All limits at 95% CL ]
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Electroweak SUSY <

| EERN PRGSO / et
. e Searches for ATLAS Prellmlnary 20.3-20.7 fb”, {s=8 TeV  Status: Moriond 2014
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Chal”gl nO( I )+ — — pp—>)~q)~(2, vial /¥, 3, arxiv:1402.7029 - - = - Expected limits
; E —— pp—>’>”(’1:)~((1_), vial /v, 2e/, arxiv:1403.5294 Observed limits

neutr’al | n0(2) — PP—=YU Xy VIaT /v, 3l, arxiv:1402.7029

: ) 500 —_— pp%')ZT')Zg, viaT /v, 2T, ATLAS-CONF-2013-028

include taus in final e PPTTMRT/T. 26 ATLASCONF20toozs

— pp%')“(f')“(g, via WZ, 2e/u+3|, arxiv:1403.5294

state [JHEP 04
(2014) 1 69+see plot]:
» Three leptons: even ¢

lower backgrounds

o Other searches

400 pp%')“(f')“(g, via Wh,  e/ubb, ATLAS-CONF-2013-093

PP—X, %o Via Wh, 31, arxiv:1402.7029
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: . i 200 & s e e
include higgs in
decays ;
| | - L 100 :
. *Combination : y :
~ » Assume : \
g . O | I8 1 1 Bl I I 1 1 1 | I 1 1 1 | \I l
m(chargino|)= 100 400 500 600 700
e/ m(neutralinoZ) | My (=m) [GeV]
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