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Recorded luminosity in 2012

ATLAS integrated
luminosity in 2012

Measured with forward detectors, calibrated with beam separation scans

Peak L = 7.7x10% s~ 'cm2 (Aug)
Max L/fill: 237 pb~! (June)
Weekly record: 1350 pb~1 (June)

Longest stable beams: 22.8 h
(July)

Fastest turn-around between
stable beams: 2.1 h (April)

Best weekly data-taking
efficiency: 92 h (55%) (July)

Status: 2 Dec 2012
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SM Higgs production at the LHC
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At L=7x10% s"'emZ and 8 TeV pp collisions, 560
Higgs bosons of mass 125 GeV (g, = 22.3 pb)
are produced in ATLAS and CMS per hour

Or: every 45 min. 1 H = y, need ~2 typical
160 pb-! fills to produced one H— 4l (I=e/y)

400 500 1000
125 GeV My [GeV]

éL_IIIIII
g_
2

E. Richter-Was 19 December 2012 3



December 13-th update (CERN)

H — yy Update

Since “Discovery Paper” PLB 716

ATLAS-CONF-2012-168

vy channel basic facts sheet :

PERIMENT

. Signal purit Mai .
Signal (SM_,¢ cey) |gnz;jgur| ¥ backg:.cl:l.l.lnds Production |7&8TeV det
~330 2% - 20% i and ji Hgg, VBF, VH 49813 fbb2
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Higgs boson decay

nggﬁ BR + Tetai Uncert

- Zi H — bb 577 x101 +32% -3.3%
= —E H— 1T 6.32x10-2 +57% -5.7%
107 gt —— — H— py 220x 104 +6.0% -5.9%
‘ - H— ce 291x102 +12.2% -12.2%
. H— gg 8.57 x 102 +10.2% -10.0%
107 — H— yy 228x 103 +5.0% -4.9%
- - H— Zy 154x103 +9.0% -8.8%
7 i
- . H— Ww 215x101 +43% -42%
] il AP 4B AN o .
M, [GeV]
ry [GeV] 407x103 +4.0% -3.9%
* Exper‘imemtally accessible.
Mass deper‘lder‘lcy:
oo, T8 WW, 22, yy, 2y, (M) 8BR(65)/0.5 GV > 1%
SBR(1)/0.5 GV > <1%
. rH AMEV NOT direct measure at LHC SBR(W }.I'IIOE)G V D 49
SBR(ZZ)/0.5 GV > 4%
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H->yy update

Simple topology: two high-p; isolated photons E; (g,, g,) > 40, 30 GeV
To increase sensitivity, overall and to specific production processes 12 exclusive categories:

— vy rapidity, converted/unconverted vy, p;.(p;Y¥ perpendicular to yy “thrust” axis)

- presence of 2 high-mass (m;; 400 GeV) forward jets target VBF process

- 1 lepton — target W/Z/ttH

- Low-mass di-jet (60 <m;<100 GeV) jets — target W/ZH

} NEW since PLB716

Stability of EM calorimeter response vs time

(and pile-up) <0.1%

= ! ! ! T T E
- - RNS: 0.023% ® WoevEp: —;'

RMS: 0.033% O Z—eeiny. mass =
g - i + ; 3
5 f:—i—ﬁki . -F-?:?: +$’:8:Q_._‘ig:u:§ :

Data 2012,\s= BTE'U Jm: 13.0 o’

ATLAS PI’B|ImII'IaI"y'

= 7ooo0 — =

g E Selectzd diphoton sample 3

o 6000 = . Data 201142012 —

-~ = Sig+Bkg Fit (m_=126.5 GeV) 3 1.005
5000 ~— «=m====  Bkg {4th order polynomial) = 2 YRT
000 ATLAS Preliminary 3 ] 1-0'345

= 3 & 1.003F
3000 — — ar

= 3 5 1.002
2000 == — =

= = TerLdt =48 " ; E 1001
1000 y5 =8 TeV, [Ldt=13.0 15" — K

E 1 f 1 ] 1 1 E & 1

E W AT = 0.899

& awf- 3 0.998

g 100~ E :::.997'

1]
100 + + + + 3 0.996
E , , . . N 3 0.005L
_m?m 110 120 130 140 150 1680
m_ [GeV]

zﬁma 25fﬂ4 25/05 24/06 24,07 23,08 22709
Date {Day/Month) 23
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H->vy update: single channel discovery!

8
S

:g —- SlM H _L"I"l' e:ltpecle|d P, |AM|S Prelilmina F
10 — Observed P,
1
101 Ly
102"
109 F e T T
:
109 = Obs. BT ™™
10 :_— - Exp. 2011
; M OHE oYY -
10 Exp. 2012
109 T
10710 My=1265GeV Y
110 115 120 125 130 135 140 145 150

my, [GeV]

2011 126.0 GeV 3.5 (exp. 1.66)
2012 127.0GeV 5.1 (exp. 2.9c)

Observed local
significance:

6.10

Expected local
significance:

330
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H->vy update: mass measurement
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C ATLAS preliminaiy-..

-
----------

[Ldt=4.8107 (s=7Tey et

u [Ldt=1 3.0fb " ys=8TeV

0 B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 l 1 1 1 1 1 1 | 1 1 1 1
“?23 124 125 126 127 128 129

m, [GeV]

—L

Measurement of narrow resonance mass:

m, =126.6x0.3 (stat) =0.7 (syst) GeV
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H->yy update: signhal strength

L e I o g
2011 data ATLAS Prelimina %
Data 2011 + 2012
| s=7TeV N
2012 data -
March - June de'l:-‘LB qu bt
| s=8TeV |
2012 data
Jl'y'septe"ba fl—dt: 13_0 m'1 »
Combinea| oM H—vv G
(mH =126.5 GeV)
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 L 1 | L 1 1 1 | 1 1 1 1 |
0 05 1 1.5 2 25 3

Signal strength for different production modes :

Fermion couplings
dominated modes

ggH+ttH

Vector boson
dominated modes

VBF+VH

Signal strength (w)

a=18+023 (star)'s%

Measurement of signal strength :
(at best fit mass 126.5 GeV)

(syst)

) o t
i i T
¥ i it Wiz
I‘ ’ >w{;
.
4
! .
i qF q "

”mﬁVHxBBSM

7t + Bestfit [Ldt=481b"fs =7 TeV
gE—— 68% CL ]
- -nrenn 059% C 8 TeV3
5t % sM , E
4E i E
3 E
2-
QL ATLAS Preliminary . =
c 2011-2012 ]
- m,~126 6GeV =
Coiaa I 1111 | 1111 | 1111 | 1111 | 1111 I 111 1 I 1111 I 1111 | 11T
21705 0 05 1 15 2 25 3 35 4
“ggnmxﬁBSH
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December 13-th update (CERN)

@EXPENMENT
http://atlas.ch
Run: 203602
vent: 82614360
Date: 2812-85-18
Time: 26:28:11 CEST

H — 4= G (rnqe ~ 124 GeV} “\/ /

4| channel basic facts sheet :

; Signal Purity Main : f _

E. Richter-Was 19 December 2012



H->4l update: signal confirmation

Simple selection :

- 4 leptons: p;!-%34 > 20,15,10,7-6 (e-y) GeV

- 50 < m,, < 106 GeV
= m34 = 1?.5 GEV

In the signal region 125 + 5 GeV

Observed 18 events
Expected from bkg only 8.3+0.3
Expected from SM Higgs 9.9+1.3

f= 1

e

8 I E. 3845 ATLAS Preliminary
_______ -y
g ol 239l Vo7 Tev-fLe
------- x
LA — Combination  '5=7 1€V Jidt =46

------- Exp Combination 5=8 TeV: _|' Ldt =13.0 fb

10°

-y

10—".5':! I B |::.:.'-| [T A T B |':-'i TN R
M0 120 130 140 150 160 17023180
my [GeV]

= [
&35 » Data ATLAS Preliminary
C ) -
%30__ Il Backaround zZ! H770—4]
2°°L [ Background Z+jets, Tt
- [] Signal (m =125 GeV)
25_

\

22 Syst.Unc. ’

I:I.IlllllllEDI_]IIa:LI

100 150 200
M [GefT”

Observed local 4 1
significance: . G
Expected local

significance: 310

2011 124.1 GeV 2.5c (exp. 1.40)
2012 123.3 GeV 3.4c (exp. 2.80)
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H->4l update: signal strength

J_IlIIII|IIII|IIII|IIII|IIII|IIII|IIII|IL

S~ ATLAS Preliminary 2011 + 2012 Data ]

(s=7TeV: [Ldt=4.6fb" H—=27z" =4
ls=8TeV: [Ldt=13.0 fb”

+ Best fit
—68% CL
-—--95% CL

without MSS(g) and
MS3S(u) in lighter colors

Measurement of signal strength

(1=1304

Signal strength (u)
=

2 Measurement of narrow resonance mass
1 m, =123.5+0.9 (stat) 75 (syst) GeV
DI|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

121 122 123 124 125 126 127 128
my [GeV]
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H->yy and H->4l combination

L. ~ 1033
Best fit signal strength 11 = 1_5_ﬂ_29
E 4.5: T T | T T T | T T T | T T T | T T T | T T :
= - ATLAS Preliminary 2011 + 2012 Data 3
=y E {5=7TeV: [Ldt=4648f"  — combined .
© 3.5F (s=8TeV: [Lat=13.01" —H=wr =
0 E _H—J-ZZH—rdl E
o 3 =
E:ﬂ' E ‘\. E
B 2oF - Combined Mass Measurement :
2F —
15E | 3 my, =1252+0.3 (star) = 0.6 (syst) GeV
C + Best fit ]
1:_ —68%CL =
E ---95%CL =
0.5F =
U: PR T AN TN SR S NN TN TR (RN NN SRR MU N (N SN SR SN N MR .
120 122 124 126 128
my [GeV]

Taking all mass scale systematic uncertainties and their correlations into account the
compatibility of the two measurements is estimated to be at the 2.70 level
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All channels combination

Updated with 13 fb™! of 2012 8 TeV data

Summary of the signal strength
in all SM Higgs search channels

o EET T T [ T T T 1 T T T [ T T T T [ T T T T [ T 11 [ I I [ I [ I
o 10 = Compings 1gbserved  ATLAS Preliminary ATLAS Preliminary m, =125 Gev
1% — W obseivea (s =7TeV, fLdt = 46481 WZH—=bb_
10 /s =8TeV, _,det_ 13 fb” =y el — T
o o H—
1082007 e W o 47 R g‘é = ?WF-:;M* m{ — - —
T e T e Jo H—wwW" — iy |
10_5 ____________ A Ve=8Tev: fLot=13m" ——
5o H_J,,],.-Lr
0 RN o fﬂl o —
P Asymptotic 6o H—77" — a4 .
e N SRR  Eid ) ——
10—11 Wlth MSS - ] ~
P S . 7a Combined  n=185=024 |
10 5 120 125 130 135 K ey -
my, [GeV] | | | | | | |
" 1 0 1
- 1
Observed local Signal strength (u)
significance (w/ MSS): 700
=1.35+0.19 (star)+=0.15 (syst)
Without MSS: 6.60
Expected local 590 Overall agreement with the SM Higgs
significance: ) boson hypothesis 31
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irst analysis of spin in H->yy channel

Using the inclusive analysis P , \”x
tn SE? I”-,I
\ = b
- Sensitive variable is dihoton cos 0* distribution u\ q__— X R =
- Use events within 1.50 of the peak (m,=126.5 GeV) Y (RN
Y i
\ B,y Collins-Soper Frame
0 IR o o B e N ABanas 0 A N B T T
S 80 —Exp.SMpdl e Bkg-sublracted data - B 2500l — S=0nypotnesis ATLAS Preliminary -
E _ —Exp. spin 2 pdf Bkg uncertainty ] = [ — S=2 hypothesis 1
S 60 ] C — obsarved 1
a3 - ] 2000 ]
401 ] - :
| ] 1500/ -
20y T === -+— ] C .
- | B - 10001 h
0 - :
: i - 500 .
200 ATLAS Preliminary JLdt:ﬂfb", Ns=8TeV 1 - ]
P P I S SR . S RPN S E - L -
0 01 02 03 04 05 06 07 08 09 1 03 So—

|cos€| -In(L(OYL(2))

- Expected sensitivity: exclusion of the spin 2* hypothesis at the 97% CL
- Observed exclusion of spin 2* hypothesis at the 91% CL

Observation compatible with spin 0 (within 0.50 )
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nalysis of spin in H->4| channel

Using the distributions of 5 production and

decay angles combined in BDT or Matrix

Element (MELA) discriminants

P N B - ; 1 @ ™ L LA R
+ Data fpai o |
I Background Z2° ATLAS Prellm;nary 1 E ATLAS Preliminary  —Data
I Background Z+jets, t H—ZZ" 4l wosy H-»2zz" -4 Signal hypothesis |
‘?P'Q_"glf"‘fﬁ“am Jlet=17.61" L s =7 TeV:[Ldt = 4.6 1" (m =125 GeV)
.J"';E* Is=8+7 TeV | 0.4 is=8TeV:fLdi=1301b" _J'F_L=D+ R
- JP-MELA )
0.3F =
0.2
0.1
[ | PRI PP s ]
02 04 06 08 1 T 5 0 5 10
JP-MELA Discriminant

log(L(H)/L(H))

-0*vs 2*: (Low) Expected Exclusion of 2* at the 80% CL
- Observed exclusion of spin 2* at the 85% CL
Observation fully compatible with spin 0" (within 0.18 o)
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nalysis of parity in H->4| channel

Using the distributions of 5 production and

decay angles combined in BDT or Matrix

Element (MELA) discriminants

l4._III.ITDIa't'aII'I'II Irer;L'lA;.IS'EI I.I II..II I'I'I_ % EI I T 1 7T I LI | T T ':'
- reliminay {1 <= 0.4 - 3
- Il Background 22~ iy v = 0'4; ATLAS Preliminary  —pData -
2 [l Background Z+jets, ti  H—~ZZ =4l 1] Wo.35! H—2zZ" =4 Signal hypathesis |

10 f:g:;i{m"ﬂas V) fL‘F"=‘?-Ef° : ; 1s=7 TeV: [Ldt = 46 fo” (m =125 GeV) 1
PO ig=7+8Tev | 03 f5=8ToV: Lot = 13.0 b’ _J'I:U:D'
8- - 0.25; BOT analysis i ; £ =0 3
r : a2 A E
6 ' 1 %2 il 1 ]
I a D E
: 0.1] N

2 :
[ _ 0.05f

R i ]
-1 -0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8 1 015 B ST

BDT Discriminant
log(L(H )/L(H))

- 0* vs 0 : Expected Exclusion of 0- at the 96% CL
- Observed exclusion of 0~ at the 99% CL

Observation fully compatible with spin 0" (within 0.5 o)
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Couplings ( presented at HCP )
SM Higgs (GF9U= 246 Ge\/) all r predicted once MH

measured. proportional to (measured) fermion!boson

T o~ (m W)

Cow ~ (2My2h)?

T, ~ (M2ZN)

T~ (MZ)2

[ ~(16T,,+0070.—=07L,) > Wsinterrerence

YY
Fgg ~ (.‘I MI Ftt + OO'] be - O’IZ Fbt) 9 bt interference
FZ? ~ m MI 2 FWW + 0003 Fn— OW 2 FWt) 9 Wt interference

rw (126 Ge\/) = 42 Mev (dcminated by bb "”57%,
ferm.}70%)
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Couplings

Assume SM Lagrangian CP:O+ + NW approximation to parameterize

coupling dependency of measured Yield 9 Test agreement between SM

and observed yields

Production modes Detectable decay modes
OggH _ Kg(l(b Kt . ?’H,H) @) FWW(*) ,
O oght K i M = Kw
o fngF ww(
SSM kvge(kw.kz, M) (4) AT ;
J“:?IE FSM( ) = Kz

SM. K (5) ZZ
TWH Lo 2

OZH 9 =% = %

()‘SM = Kz (6) th vy /FwsM = (1.6 sz 4

ZH | e 0.07 k2 - 0.67 K,K,)
OttH 2 _ e
thH T T
T_W = { &(Kb!KtEKTEK\V}mH)
SM
LHC-XS wg IS ]{3
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Global k fit

Several Fits performed with 2011(~4.8 fb-1) +2012(~5.9

fb' 1 ) resu |tS . Common scale factor

Free parameter: k(= k; = kp = K = Kw = Kz).

H—y|H-7Z% |H—- WW® | H— bb | H — 1ttt

Fit global scale factor k: [gn
ttH
VBF K2
WH

Based on July results 7H

k=119 £0.11 (stat) +0.03 (syst) +0.06 (theory)

As expected just ~square root of pu=1.4 = 0.3

Theory error not dominant yet ... but already sizable
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k. vs k, fit

* Couplings to Fermion and Vector boson sectors:
KF vs KV

Boson and fermion scaling assuming no invisible or undetectable widths

Free parameters: kv (= kxw = kz ), k¢ (= kt = kp = kz).

H— vy H- 772" |H>WW® | Hbb |H—o o th
ggH K?‘“«?(Kf JKE L KE KV ) xfz-x% K‘?ng
ttH i (xi) < (i) w7y (xi)
VBF
WTH K%'K]?(Kfiﬁfvﬁfvmf) K%P'K%r K%'ng
£ (s 2 (%) Ze)
7H Ky () kg (xi) rg ()

Assumption only SM particles in I, ~ kK A(K_, K,,)
All Fermion couplings scale with the same factor k,

All Boson couplings scale with the same factor k,
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k, vs k, fit

Based on July results

!m 4_ T T T I T T T I T T T I T T T I T T T I T T T I T T T I_
- ATLAS Preliminary + SM .

3 x Best fit ]

~ {s=7TeV, [Ldt = 4.8 fb" —-2In A(K, k) < 2.3

b E-gTey, [Ldt=5.859f" - -2INAlKKe) < 6.0 3

oF -

A T o -

- : | I- -l- -I-. .I-' -I.- | 1 1 1 | | | |:

64 06 0.8 1 12 14 16 1.8

= =[
L

* Good compatibility with SM
« K. = 0 (Fermiophobic Higgs) Excluded at >20

F
 Thanks to channels that distinguish ggH from VBF production
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ustodial Symmetry }‘wz = kw/kz

Testing Custodial Symmetry W vs Z couplings

Move to fit of RATIO’s (can relax assumption on total width)

A

wz KW/KZ

Two additional parameters A_, «_, in the fit but with small correlation

with A, dominated by relative WW and ZZ yields and by BRyythat scales
mainly as K’

Probing custodial symmetry without assumptions on the total width
Free parameters: xzz (= xz - ¥z /ku). Mwz (= vw /xkz ). Arz (= ki /xz).

H— vy H— ZZ™ H— WWH) Hobb| Ho 1ttt
ggH
tTH Kzzhpz - %y (Arz, AFz, kP 2z, hwz) Kzz iz K7z A ez - Myz Kzzhpz - Moz
VBF | &7 %ipr(L Myz) - K‘?(QLFZ!)"F‘Zu rrz,hwz) | gz 6r (L Myvz) | & xtpr(L Myz) - Myz | <2z kupr(L Myg) - Mg
T 22 7 T 2 T 22 7 T o -
WH 'c%z_mwz : K (Arz, Arz, Arz, Awz) X2z, Mvz "zz_lwz : Mz, Kzzllfvz : My
ZH "féz . ‘cf(lFZJLFZ?leslwz) 'Céz ‘céz ' lfvz "éz ' 7‘~sz
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ustodial Symmetry )‘wz = kw/kz

Testing Custodial Symmetry W vs Z couplings

Move to fit of RATIO’s (can relax assumption on total width)

)\WZ = KW/KZ

Two additional parameters A_, «_, in the fit but with small correlation
with A, dominated by relative WW and ZZ yields and by BRyythat scales
mainly as K’

HE a—ATLASPrellmlnary Illl—f
% £ - {s=7TeV, [Ldt = 4.8 o' _2IM(’L‘W)_§ ?LWZ = 1071-833
= = {5=8TeV,|Ldt = 5.8-5.9 b
\ 6F- 3
5E-
4 Based on July results
3
2
1E *In this plot A, >0
006 08 T2 T4 16 18 2 52 54 56

Mz
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Loop contributions k_ vs k

Assumptions:

Direct Coupling to known SM particles assumed to be as in
SM:

K, =K, =K, =K_= .... = 1

K, ~ 0.9+ 0.1k

No extra contributions to total width (only known SM and gQq)

Fitted parameters K, VS K,

Probing loop structure assuming no invisible or undetectable widths
Free parameters: kg, ky.
H — vy H—-zzZ" [H-WW® |H—-bb |H—= 1ttt

ggH e G

ttH
VBF K7 1
WH EACY 5 0

ZH
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Loop contributions k_ vs k

Gluons ¥ —-— el Rt - Photons

 Couplings to gg and yy expected to proceed via loop: very
sensitive to BSM physics

* Hierarchy problem related to top loop that are the same that
contributes to gg Higgs coupling

 Treat gg and yy loops as free parameters (no relationship with
SM content assumed)

m
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Loop contributions k_ vs k

L] 2.5_| T I T T T I T T T I T T T | T T T I T T T I T T T I T T T I T T T T |_
~ | ATLAS Preliminary + SM -
[ {s=7TeV,[Ldt= 4.8 i X Bzelslmt{m ‘) <23 ]
- _ _ ) 1 _ = 3 ,g < . ]
o {s=8TeV, |Ldt= 5859 o ﬂ{h‘:#g] <60
1.5 - -
L b _
L H _
= N\ |
- ., . _
1 ‘ -
O5= 1 v v v v v b by _|_ [T R T N O B
06 0.8 1 12 14 16 1.8 2 2.2
K'l'

Still dominated by statistical uncertainty
Without theorerical error ~20% smaller error
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SUSY

Standard particles SUSY particles

' Quarks

@ Leotons

i rks I f
@ Force panticies Squa &) Sleptons @ susy orce

Supersymmetry common in many SM extensions
Strong motivation for TeV-scale SUSY:

o Stabilize a light Higgs mass ¢ - s
» Dark-matter candidate " W (-"' R
» Gauge coupling unification =~ o L/H N
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« Heavier superpartners with
spin-%2 compared to the SM

« MSSM: 105 parameters to be
determined!

Supersymmetric “shadow” particles

 Introducing R-parity (aka matter parity)
- SM particles (+1), SUSY particles (-1)

- Phenomenology centered around the Lightest
Supersymmetric Particle (LSP)

- Can be violated
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Minimal SUGRA

High-

1500

scale boundary condition: mg, My,2, A, B, p

Radiative EVWSB

1000

Mass [GeV]

500

sleptons m
5. Martin hep-ph/9709356
1 1 1 1 1 L 1 L | L | M 1

6 8 10 12 14 16 18
Log,,(Q/1 GeV)
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Inclusive searches
r : IF'rmpiumE.l w

10 T

"o, [pb): pp = SUSY VS =7TeV |

‘l» LHC is first sensitive to strong production
of squark and gluinos

T 1 T [

* Typical signature: jets + leptons + photons
( + assuming R-parity conservation ET™ss )

-3

10 - 1 | i‘:;q“l‘ |
100 g200 300 400 500 600 700 800 900
m_[GeV]

it HyCluse

* At lower cross section 3" generation squark production
becomes relevant

» Dedicated 3 generation searches (see M. Hodgkinson
talk for dettais)

* Gaugino production has a very low cross section
* dedicated searches in leptonic final states
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Inclusive searches

Most generic searches:

o, [pbl: pp — SUSY

:\:"‘:
"

strongly produced squarks/gluons

9 High production cross-section
» Select on jets+E_ signature

additional leptons/photons/(b)-jets) from
intermediate sparticles in cascade decay

TN > © Can reduce backgrounds by requiring

10
100 200 300 400

500
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Inclusive searches

ATLAS example: jets+FZ_

2 D signal regions (2-6 jets)
each with 1-3 m_, selections to
probe multiple SUSY masses

2 4 control regions per SR to
estimate backgrounds

> 104 _\ T T | T T T | T T 17T l | I T [ | 1 [ I oo | I o T 1T | LI | T T I. T .I L | T T T I L | UL | \__
3 = ATLAS Preliminary r[L dt=5.8fb ATLAS Preliminary Ldt=538fb" =
g = SRB - 3 jets ata 2012 \'s = 8 TeV) SRE - 6 jets . ata 201 2\s=8TeV)
o - — SM Total —SM
- 3| - - SM+SU(1600,400,0,10 -- SM+SU(1600 400,0,10) -
o 10 = Multijet Multijet
= - t1 & single to, tt & single to
CI:J - mw +Jets(‘:J P mw +Jetsg P
> i Bl Z+jets Bl Z+jets —
102 @l Diboson Bl Diboson -
10¢ E 6jets -
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SUSY

SUSY is not just one model

Many possible variations

2 SUSY breaking mechanism
gravity-, gauge-, anomaly-mediated, ...

SUSY Theory phase space

—

EUEY

/ =il "“
f"’l‘uﬂaﬁ"x 4

!H!uurﬁ

» Beyond MSSM L\ N
» R-parity = (-1)25(-1)®*L conserved? \ \ ';,;_:- S
If not, lifetime of lightest sparticle p M-
No signs of SUSY yet MSSM Higgs Mass
Allowed phase space is getting squeezed 1o, Hall, Pinner, Ruderman

Xi = V6

v Flavor physics remains in good agreement with SM 1300
v Light Higgs-like boson discovered, ;
but at high end of (MSSM) preference

» Either large stop mixing et Suspect

» Very heavy squarks ool FeynHiggs
o Or beyond MSSM 200 300 500 700 1000 15002000 3000
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Analysis setup

Raw BG Normalized  BG expectation
estimation BG in SR
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Discovery/Exclusion
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VR-1 Check if the BG Liklihoood

normalization is fine in

00 a set of independent
regions: Validation
VR-n Regions




O lepton+ jets + E_ ™

0 lepton analysis:
ATLAS-CONE-2012-109

* |lepton veto + 2-6 jets

* Simultaneous background fit in 4
control region for each signal region

* Main background Zvv + jets

= i, T I
3 IAT S Preliminary g, Gt 5.8 ik
= 10 Iﬁﬁ'l"”fﬁ"ﬂ ® Datz 2012 hs = & TaW)
=] —SM Total E
- * -- SM+5U{1600,400.0 10}
- i ] Multijet
= 105 H & single lop
@ E Wajels
& L 1. 1 7=t
| Wl Dikason
102 '
10F

Q  zs

= 2k ... 5

155 E

<

= 1 m . + +

. ‘l £
&0 500 mm 1 00 le.J 2500 3000 3600 4000

m,fincl.) [GeV]

» Specific for long decay chains form gluino

decay

Inclusive search for sqark and gluino strong_producﬁon: o .
0 lepton multi-jet analysis:

ATLAS-CONF-2012-103

* 6 Signal region with 6-9 jets

e EqMiss significance: Et™ss/y/ Hr, with

HT — z pT jetl
. dlfferent BG comoosmon QCD. ttbar(hadronic)

grr Jransen  * SNt
31 o' ATLAS frellmmary anh;:tn “f‘lfll |l|1 qa) _;
E= o Sherpa W (egiv .
Emgi!-.'% ! ESheEZ l\+ ! E

w 05 : ....... SUSY 9-800, £~ 150
e "a|.+ =9jelsp_ >55GeV |
105 TET T E
{1 S
5 ' E
m-j'| : ﬁ:|_ -
10.2.. : M R ‘ |

i |

2 .!._M"++MH:+—— _____________________________________ E
2 8 10 12 14 16

BTN Hy [GeV

|.;=I
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1 lepton+ jets + E_™'s

Focused on final states with leptonic chargino decay or sleptons
* 1 signal region with exactly 1 isolated lepton ( e, n)

® Meff = p-l-g + Zi ijEt,i + ETmiSS

* M7= '\/2 I;'_)T’éI ETmiSS (1— COS(A(D( ¢ ,meiss)))

1 lepton analysis + 2 4 jets @ 8 TeV new: 1 lepton analysis +2 7 jets @ 7 TeV

Ptk

60 80 100 120 140 160 180 200

. reeeee PR A s
0 500 1000 1500 2000 m. [GeV]

mne (GeV)

ATLAS-CONF-2012-104 " ATLAS-CONF-2012-140
|
10|f| TrT T T T T T TT TrT T™TT T III_ - i -
eData012) + ¢ I =~ sol- y 0 Deta2011(is=7Tel)
9 %SM"Iottal ' chIt=5.B fo', 1s = 8TeV ] . = T ATLAS preliminary 1 ¥~ Standard Model
multijets ~ n 3 . . -
—W+ja!ts 1 Electron channel ] 1 ) L I- WiZ+jets
8 mz+jets 1 Signal Region E = J Ldt=4.7 b o B tisjets
- =Dibosons ! . 1 —_ L 1] single top & dibason
= ] P s — | 1 - .
E B Linoie top : ATLASI;;ZlgmaI'YE 1 P i 1 muon, 2 7 jets :|:| multijets (data estimate)
o 8+ MSUGRA m 3400 m, =800 = 1 S sl '
S | : v 2 mr
N5 L X
2 ' muon
c 4 1
b I channel
|
|
|
]
|
|
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SUSY

MSUGRA/CMSSM: tanf = 10, A = 0, >0

MSUGRA/CMSSM: tan = 10, A = 0, >0 [ ATLAS-CONF-2012-109| <3000 ATLAS-CONF-2012-109 |
- 800 L T 1T LI \ T 1 1T .1 T T 1 [ = | [ B N o = s ¥ .
S - | AN I | ) [ = Observed limit {1163U3Y) -
S 750 Foe ATLAS Pr“llrﬁ'naryh | Ldt=5816" 1s=8 TeVl 2 L\ expected it (1 "’)” -
= e S G N S E -—— Expected limit (+1a,))
£ c -igpton combiqed _J‘-\ ﬁ 2500 ATLAS .
E 700 | ATV N ST el 2 = e E Preliminary ‘-.‘ -Theoretically excluded 7]
= N \—¢8& leVs. . T X ]
650 ===~ Expected limit f”Geml %2000 J- Ldt=581", is-8 TeV ™ | Staulsp E
o @ i
600 |8 || Observed limit (4.7 10", 7 TeV) 0-lepton combined 7
= - Non-convergentRGE 3 [ T A e, ]
- O e T,
550 = \'\ - No EW-SB 1500 %
o . 1 Lyl
500 |— ' ' i
B G NG T e
450 — 1000 f
400 &N f
E % N e o
350 :_ T 500
C T —e. A 1
300 i i I L1 \I I T_ i Ihh -T- + I‘—'ﬁ—l-—-l- J_ _Li i L1 | Ll I | I
500 1000 1500 2000 2500 3000 3500 200 400 600 800 1000 1200 1400 1600 1800
m, [GeV] gluino mass [GeV]
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Supersymmetry: search results

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

BTV =g mass
e § =g mass

§Mass (mig)= 2Tl gt ) ATLAS
§TaN. [ mass (i <2Ta\ |-uht1 L Freliminary
O MRISS (i) @ 200 GaYmi ) = = dimi' i
QMESS (g « 15

MSUGMICMSSM 1 Isp L4 E
Fheno model @ Olep +j's "Er..ms
Frenomodel :Dlep +fs+E, ...

Glunomed. 7 (G—alf ). lep*i's+E,,
GMSBE [! NLSP): 2 le ‘035+1$+E i
GMSH (TNLSP) - 121+ lep +j's +£ ™ QM3 (Lerf > 20}
GGM (bino NLSP) vy 1-E 2 GMASS [mii | > 50 Gav) I = g L
GOM [wino NLEF) 7 + lep + £, "= - Emassg : e
GGM [hlggsmo bina NLSPJ 7 b+E:fnﬂ:. grﬂass tﬂu],zmr_-.uv; "g: 7.8 Tev
GGM {higgsino MLEP) : £ + jets +E;, e 5 MASE (miF) - muaa\-]
Graurhno LSP rmnop! + E F*seale  (mich> 0y

Incfusive seafches

| Gmass i)« 300 Gev|
g MAss iy J-t:m Gav| —
(g mass [muc ) = 300 Gt} _
g mass |mu( )d 200 Gall)
b mass i’ < 150 el
b mass (mi )= zmu n
3 tmasa |.'r[1\ mcu\-a
etz TRV (20202 129167 GaMl | Mass |rn\z y=58 Gav)

g%ﬂx (wnyall} 3haq:i{:*;b:l1-|5:.+[-Fr,m L
Ty twirtualt) : 3lep +]5+E,M
gl [virualt): 0 lep + multi's + £, .
a _{wrtua‘];) Clop+3bijs+E, ..
Ulepl-ﬂ b-jets +E
;3lep+i's +E,,,__
bx (2lep+E;

got b-jet + E,

pluing mredlt

"D+ bojat + E., e [EAT 07T TaV 1209 4488) 08105 Gav | [ mags (i J=0

pejgt # £, .. [esa7m".7 tevi1zcs zemn) 2iiiGeE 1 mass i) 1=
L b.lg[ FE e |eaTi T Tev (1700 144 370465 Caf rmass \m{[ 1=

£ -j'Ell-E [mass 1s- "f.x r-ezauca'.r.

7 s e iz CESASGE [ mass (i = )

\¥ :2rep+E,m L-lﬂh“ﬂ-\-‘!lmmt] [ M0t . mass Iz ) < 10 GeV. mii) = gy )+ miz )

l':\\ BIEp+E Nr-Z0 %, mass (mig )= m[z]m[“ um[vusmu
3ggpr L i3.0 B, & Te¥ [ATLAS-CONF-2012-154] “ i, mass gnug;-mu;m[m o, :Jepmmcbmupuea,.

Dlract,( pﬁrprnd CAMSB) Icng—lwadx Tomass (1 esse 1)

(Y
\-.?L_

o

$o Stable QF! -hadrons : low [, |3y (iUl detector) i mass
5% Stabla t R-hadrons - low i, [y (full detactar) = 1 mass

53 GMSB :statle ¢ Tmass o=iay <20

GMass 390" < i < 15907 1 mm «.cx 41 m,F cscaupied)
¥ mass {37000, &, =005)
V. mass Uy, 010, 4y, =0.05)

' x — qau (RPV) . + heavy d splaced vertex
LFV : pp—v 4X, V, e+l resonance
LFV - pp=v é:sx \'.—JEQL}H resonance

i Bllﬂﬂdr RPVCMS3M . 1lep+ Ti's + E; i (1 M35 (47,0 < 1 1)
i -0 0 )

x T x“,_x —3Wx x—me\",a}we:d[ap +EIM l ; ;( rnaas (i )= 300 CeV i ot > 1)
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*Only a selection of the available mass limits on new sigles or phenamena shown, Mass scale [TEV]

Alllimits quoted are ehserved minus 1o theomstical signal cross ssction uncertainty
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MET + jets + Tau

GMSB M, ...

250 TeV, he=3, u>0, C_.,

» This analysis assumes = % -y e T
NLSP is a stau s ATLAS Y = : : =
- Decays to gravitino + tau 50 [ 7/ S

» Look for events with a tau + Theory
leptons . I

+ 4 signal regions
= 1 tau 0
= 2 taus

» tau+muon
= tau + electron

« Use MET, HT, and mT to
discriminate between signal
and background

= Tune cuts for each signal
region separately

mT |n electron channel

10 F

T A SR NI S T O

110 20 a0 10 H{) il S i an 100
Allev)
mT In muon channel

= N -asaaaasasnesssnses [T e T L e e e

@ 10’ ® [ata #1011 = :mndnrd Model i * L)nm.un

(:, P ATLAS . [ ] Mheattijestn [ et ] 1o ATLAS I Mubtijeis [ W jet=

b ”]' [l dt = 4.7 fb st . |2 4 |l dt- a7 | o

: 10% D e 7 ey Bl LiBonans [ Crell-Yan d — 107 s= 7 TeV Bl DiBosons [ Dreli-Yan

i N Vs = L GMIE -~ _ 5D TaV tan |l _ 20 = ] \ 3 € GMSE - 4 _ 50 TaV tan | _ 40

;‘:I—, 1 n GMSA - 5 = 65D TeV tan |\ = 40 :T. GMSE - A = 50 TeV tan |\ = 20
@

= 3 =

L 1

Events / 40 GeV

Data/MC

pmndard Madel

HT for 2 tau ﬂnal state

Model

L ATLAS —l— Data Zl.'.llt —Standard —
= 1 Muitijets [ Wejets 3
Ldi=47fb | ESLE I Top =
s=7TeV Bl DiEosans [ orel-¥an -

]

GMSE - 4 = 50 TeV tan |1 = 40
- GMSE - 4 = 50 TeV tan |\ = 20

800

1000

1200

H; [GeV)

HT for 1 tau final state

ATLAS 0 Nada 2011
& . C I Multijeis

|1 dt — 4.7 b 2ot
7 \s T lev Wl DiBosons

B Wi jets
. Top

[ Drell-Yan
GMEE - v _ 50 ToV tan |l _ 40

ax GMSE - v = 50 TeV tan|] = 20

y
- Standard Maodel |
i

o) ) C 200 400 600  BOO 1000 1200
= = Hy [GeV]
050 700" 150 200 250 300 350 400 450 500 50 100 150 200
m§ [GeV]
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Natural SUSY

Inclusive searches constrain 15/2" generation squarks
and gluinos to be > TeV, unless y°, is heavy

Only light stop
needed to regularize
light Higgs boson

A Natural Spechfuﬂb

General “bottom- up viewpoint

M B d12 b 1
| - “Distant
| Tev _| ' Cousins” _
The “Nuclear Family — N The glumo should not
of the Higgs be too heavy either
500 GeV | (s :
e 1y New search frontier
Iz} EE — . 0 » Search for stop
R (—)>5 and sbottom
s o Direct production or

/ «<—— Closeness to Higgs

Light as gy~m,, at tree level

through gluino pairs
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SUSY

» High stop mass, t. —;tf']1
o m(t,)~m(t)
o Light stop, t,—by?*,

Multiple dedicated searches
Target different stop mass & decay

i, production: T, — b+, % — W+%] (BR=1, m <200 GeV): f,— . (BR=1, m; > 200 GeV)
% 200 = attas | i Observedlimits (1osusy | E by, 'z—; Wi (m <200 Gov) |
O] — —— Observed limits (nominal) Z-tepton (m,. = 106 bev}
— — I Ldt=4.7fb ' <s=7 TeV ---- Expected limits (nominal) s=== "/2leptons + brjets (m,. = 106 GeV)
Ci 3 1 80 | - 1/2-leptons + b-jets (m , = 2 x m_e)
E | Status: September 2012 All limits at 95% CL, s x,
— T, — 4% (m; >200 GeV)
1 60 — S - O-Iepton
— e
| 5 -~ 1-lepton
140 — e TR B 2epton
_mx > my: (=106 GeV) T

: i ; w
H - a
i E i : '
: Il :'
H K .
0 | g | il ' [ I |

150 200 250 300 350 400 450 500 550
m; [GeV

| S
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RPV supersymmetry

* Many SUSY models assume R-Parity conservation, i.e.
Lightest Supersymmetric Particle (LSP) is stable.

— Typical missing transverse energy SUSY signature
— Could be a candidate for Dark Matter

 BUT no reason to assume this a priori..

— |If we introduce R-Parity Violating terms into superpotential, LSP can
decay to SM particles.

Wepy A-kL;—LJEk +A; LQ D) +xLH, A

ijk ijk DiDjDk
Lepton Violating Baryon Violating

— Stability of photon forbids simultaneous lepton and baryon number
violation

* We look at both multi-leptonic and multijet final states
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Long life-time particle

AyLLE +A,LQOD)+x,LH,

ijk

If A,A',A" are small, LSP can have a long lifetime.
(lifetime proportional to 1-2,”-2,&"-2 )

RPC:
. AM(}?T,)"CIO) ~ 100 MeV, e.g. AMSB: disappearing track
* Long-lived gluino due to squarks mediating its decay : Rhadrons

* Weak coupling NLSP-gravitino in GMSB : slepton

Z Soft nt,e* Penetrate all detectors
Primary __.=( /ﬁﬁ,’high dE/dx
VertEXLZI %4 &

~—= I
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RPV SUSY in events

with =2 4 leptons

_|_
e (1)
%! /g,??* / (D)
Al121

RPV models which allow lepton
number violating can have
multiple leptons

Low SM BG (mainly WZ and Z7)

AL BN BN B
ATLAS Preliminary

-
(% -&- data
P p %% Total SM
N 402 JL dt=13.0tb~ +\s=8TeV [ Red. Bkg.
E Czz
= SRz (m 0> 300 GeV) Odzww
¢ 10 — ¢ Wiz
w Clww
1 ---- SUSY ref. point

F

G

| IIIIIII| 1 IIII|||||I| 1 IIIIIII| | IIIu.uI_-L

1]

1000 1200

200 400 600 800 1400
> R R R L LR RN LR R RN R Mg [GeV]
3 10°E  ATLAS Preliminary - gata 4 )
“#% Total SM 3 - .
& 402 ILdt: 130" \s=8TeV  med Bkg. 2  Event Selection:
E miss I:IZZ ;
S 1ob [BRLE,>50GeV) =L 3 — 4 or more leptons
= 3
W] Claww 3 -
N - SUSY re. point ] — Z-candidate veto
. _ miss
SN I 25 S — 8 E >50 GeV, or m_> 300
W ;
e e ey E — EmISS + p + p + p_,ref
103 7 4 T T
L Ll réi:‘;,"’l .f.{‘g};::::f-;:"-;";":";";';;'{'//';": Jer
0 50 100 150 200 250 300 350 400 450 500
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RPV SUSY in events with = 4 leptons

¢ Irreducible = 4 leptons

) * No excess over SM background is observed.
* Reducible BG has one or more

*  The results are interpreted in simplified SUSY

fake lepton Do
P models which include > 1 NLSP.
Selecti _ — LSP: Bino-like neutralino
election E,m™*>50 GeV, _ m> 300 GeV — NLSP: Wino charginos, lem-sleptons, sneutrinos,
027 os gluino
Irreducible Bkg.  0.22° 1.1°9
=2 4 RPV Wino simplified model: )\121:>0
Reducible Bkg.  0.028701% 0.107013 = EEmma TR
0.028 010 %I 800 :— AfLAS #rellmlnary explored LSP mass range: Vs —
Total Bkg. 0.25:02 12433 © [Latmtoominsmarey  10GVemgem 0By o8
Data 1 - E“Fmog_ simpiified model, 77 grid. 1, > 0 Ve | _é
600:_ ... Expected limit (iiaem} i . / _:
500:_ Observed limit r_rm:‘;f;} L_{Q'fl,'_;_ & _:
o E - prev. ATLAS exclusion {{\H - E
95% CL limits on the NLSP mass 400f- [ Tevatron exclusion 4 3
Wino . 710 GeV I E
left handed slepton : 450 Gev Al arssw ol ]
. 200— —
sneutrino : 410 GeV = ]
gluino : 1300 GeV 100 _ E
0 - UL L PRI |-u| 1. . 3
0 00 300 400 500 600 700
0 krud80012 [%JG'V]
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Different flavour leptons resonance

. . - 10 v T
* Search for heavy partlcle decaylng to 3 E . %
o Z—>TT
T T = 40P 0 Ldt=4.6 0" &
7] - - R VV+jet
. pT>25 (20 fOI"L‘) GEV ‘Lt E el ™ o Ns=7Tev I1| =m?i:ei
(1]
* Single lepton trigger E rll-I Df'?gggggsé
* 2 leptons that are: 108 | =
— Opposite sign 1 8 | -
— Opposite flavour = -c)‘;/ 7
— Back-to-back: A®(1,I')>2.7 5 R ) DAl =
w
. . _ E
Main ba-ckgrou nds: WW .17 £
estimated MC >
Fake leptons — data driven estiation
= 10°
? ATLAS Preliminary g Theoryd', =0.11,k,5 =0.07 = g I— 7 Sa
o 10%E eun J'Ldt=4_5 fo! [ Theoryh’ =0.10,35=0.05 - - ATLAS Prellmmary [ oen 7 1
n SF S =7 Tev Observed Limit 10k f Ldt=461" P/ |
3 107 B0 e Expected Limit E ys=7Tev T / ]
o 7] Expected Limit =10 § A 1
% 102 [ ] Expected Limit=2 o i g 1
105 i 3 i i w007 E
= E o g )\.::z =0.05 ]
1 - - Aygp = 0.01 1
F — Ry =0.07(1 0" 7 TeV) |
10_1 . | I . | 10—3 PR P PRI T PR |
500 1000 1500 2000 500 1000 1500 2000
m; [GeV] m_ [GeV]
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Events with displaced vertices

*  If particle has lifetime O(few ns), it can decay inside the
tracking detector, producing a vertex at a distance
away from the primary vertex.

* E.g. RPV susy with non-zero but small A, ;.

— Neutralino decays to muon plus jets.

— Muon is useful for triggering and background rejection.

— High track multiplicity helps vertex reconstruction.
Develop a dedicated tracking algorithm to increase signal

efficiency.

5 OETATLAS | T
,E 0.4F simulation —s=— Re-tracking 3 ) . )
e F o =TTev ] * Standard ATLAS tracking is highly
c "L oty iy ~&- Nore-racking 3 optimized for tracks coming from
3 0-3;—:' L F +w* E the primary interaction point (IP).
E 025152 W +.|.|. +Jq'| ++ = * To increase efficiency for
S 02 B ¥ .|ﬂ' + m +|.+H{£ secondary tracks, we re-run
X orsba T -||||H-+ } ok Silicon-seeded tracking algorithm,
5 01? %, " = with looser cuts on transverse

s My, % E impact parameter, using “left-

0.05F @mﬁ%ﬂm = over” hits from Standard tracking.
O T30 060 E OB T T ijﬁeléneuu “48D- Kruger 2012 12

Moy [Mm]
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Events with displaced vertices

T

Background is :
- ATLAS * random combinations of tracks inside

Signal region the beampipe (where vacuum is good,
but track density is high).

10

2::° & Data 2011 * High-mass tail of distribution of real
= - _ -1 = . C .
5 Jrat=aan Signal MC _ vertices from hadronic interactions
s =7 TeV : with gas molecules.
| 0 _

5678 10 20 30 40
Number of tracks in vertex

B -

Total BG estimate in signal region is
(4 £60)*102. 0 events found in data
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Disapering tracks

* |fthe lowest gauginos are approximately
mass-degenerate (predicted, eg, by AMSB),

. Xl has lifetime (0.1ns) and decays to Xl
and a (V100 MeV )

* Look for production processes:

107 g
—e— pana ATLAS

"""" !ﬁm MG prediction s =7TeV, J-LdT=4‘7fb'l
1

1 0 M Irni =100 GeV, Te=1ne {Decay radius = infinite)

1 04 - l-nf =100 GeV, g = 1 ns {Decay radius < 863 mm)

1]
-
Q
l'U

3 - he -
10 - «~  nTRT<5

~+ ~0 . ~+ ~— .
PP —= X\ X, rJjet pp— X, X, +jet v
— (jet from ISR, needed to trigger on event). 10

’ %" decaying into X,"+1"

uter
N\ High-p, charged hadron AT
h interacting with TRT material .
Main BG:

1. High p; charged hadrons
B o interacting in the TRT (80%)
Electron failing to satisfy .
identification criteria 2. Low Pr tracks performlng Iarge
bremsstrahlung

™,

| reconstructed track
| . . | —— true particle track

07/12/2012

|
Pixel SCT TRT
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Disapering tracks

For Am ~ 160 (170) MeV (most
probable in AMSB), m(chargino) up to

No excess over SM background is observed.

poor reconstruction efficiency for soft
pion.

10* i
> i
8 oL ATLAS . j 103 (85) GeV is excluded
; 1 “icis Total background 3
‘:‘% 102 \s= ?TeV‘J Ldt=471" Hadron track background tanB hu>0
IV ER, T e Electron track background 5 %)
i LR //////’//////'
10 if E rri 200 GeV, i._10n5 ?E ‘JH : :
1 o - [ ]
L ; i _
107 | * E L ]
10—2 .é | 4
10° s ]
10 20 50 100 200 500 1000 = ) E
track p, [GeV] - " ATLAS ]
. e - - J-Ldt 47" 15=7TeV -
Resulting final state will include: &

] ] = Observed 95% CL limit (f16,, )
Highp;jet —— F | Expected 95% CL limit (t15,,,)
Large missing transverse momentum.  [° | ATLAS (7 TeV, 1.02 o, strong prod.)

. . LEP2 exclusion
A kinked track or a high p;track due to 0E |z saey

100

150 200 250 300

m.. [GeV]
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Stable massive particles

Several candidate particles, including:

— Long-lived sleptons in GMSB models.
— R-hadrons.

Common feature: if they are massive,

they will be produced with low velocities:

1.
B < - p

Y

Search for heavy muon-like particles

Muons / 0.01

}<'1'03|"|"|"|' T
- ATLAS N
50: Calorimeter + MS
B det=4.7ﬂ:" .
40/ —
r Data 2011 (vs =7 TeV) * /| i
o TEEE L
; MC, Z — up i ] :
20~ — Mean = 0.996 ‘ —
: o =0.033 -
10/~ | .
i ER .
NI B BT L Nl
% 02 04 06 08 12 7.4
B

20—

_ E GLATLAS  © ' GisnoRcacrona ]

— low B using muon chambers and "o, [ Simulation 100 Gev
. = 18:_ 300 GeV
Calorimeters 2 ,4E 500 Gev_]

> F 700 GeV -

— high dE/dx measured from pixel detector i '*- E
10_— —

(related to /3 ) of E
Main background for both slepton and R- B e E
. . . 4= - g

hadron searches is high-p+ muons with TR E
T 2 ]

mis-measured . 07000 2500 0 500 1000

q p (GeV)
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Stable massive particles

Candidates/ 10 GeV

—
o
T

—
o

107

10

107

Use single muon trigger
Select 2 muon candidates

Background (for both slepton and rhadron) is

estimated by :

* Randomly sampling B or By values from
control sample distributions and combining
with measured p for each candidate

: T 1 T T 1 T T T I T T 1 T I T 1 T T | ] T 1 T | I Ll T I :
B ﬂTLAS + Data (2011, y5=7 TeV) |
'th JLdt=4.7 fb’ . 3
o ——— Bkg estimate + 1o (syst)
- *‘ N
E_ * ------- GMSB A=90 TeV tanﬁ=10_§
- ﬁ‘. - GMSBA=110 TeV tanp=10-
- 'ELL i =
i 1 b i
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| 1 Lt I Lt 1 I 1l 1 1 I L 1 Ll | 1 H JI_J II I 1 | J__
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GMSB: N,=3, m =250 TeV,u=0,C__ =5000
grav

oy 4G_||||||||||T75|5Tg|ﬂr||||,'|||||||||';||; TV FTTorTT
c n ’ S ]
& [ ATLAS SOE .
351 N i .
- Data 2011, Ys=7TeV ILdt-_A.? b’ .
3 0:— CL, 95% C.L. Ii:jl'its ) ’ ; B
[ === Obseyved Limit (id."l'crfh";::;] ] :
25 ; —
. Expected Limit {+ 1o,,.} ks
20 / / i £ =
. S¥ Sy < i~ SY S
19 & 8i S 8 S
C &y oy 3 i e ¥
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0 60 70 80 90 100 110120130 140

A [TeV]

No excess over SM background is observed.
Long-lived staus (GMSB) excluded upto 300 GeV
for 5<tanf} < 20

Directly produced sleptons excluded up to a mass
of 278 GeV

min{m1,m2) [GeV]
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Inclusive searches

3rd gen. squarks : 3rd gen. sq.

direct production

EwW

direct

Supersymmetry: search results

: gluino med. :

MSUGRA/ICMSSM : Olep +js + E; ...

MSUGRA/ICMSSM : 1lep +js + E

Pheno model : O lep + j's + E

Pheno model : Olep +js + E

Gluino med. ¥ (§—qqy ): 1lep+js+E

GMSB (I NLSP) : 2 le HOS) +js+E

GMSB (TNLSP):1-21+ I¢:.-p<-|s+E”‘_m1
GGM (bino NLSP) . yy + E

GGM (wino NLSP) : v + lep + E' ™*

GGM (higgsino-bino NLSP) :y + b + E! e

GGM (higgsino NLSP) : Z + jets + E, ...

T mass
T mass
T mass:
T .miss:
T .mass

T .mass

Gravitino LSP : 'mongjet' + E; .

§—>bb351 (wrtual b} Olep+3 b—JS +E, s
gty (wrt&lalt) 2lep (SS) +'s +E; ..
—;l{x (virtualt) : 3lep + js + E
g—tix wrtuall} 0 lep + multi-'s + E
g—)_tfi .(wrtual,l Olep+3b-i's +E
bb, b —=b; -0 Iep + 2-b-jets +E

e bb b—)t 3Iep+Js+E

. ftt(very I|ght} t-—;bx :2lep+ E
_tt (light), t—)bx : 142 Iep + b-jet + E,
T (medium). t—)l,(0 2lep + b-jet + E
it (heavy), l—)l)( :1lep + b-jet + E

tt (heavy), t—;lx Olep + b-jet + E

tt (naturalv‘éMSB‘)_ Z(—)II + b-jet + E
_ LTSl s 2lep + Es

' lv Iv)—;l\.r 2lep + E,

8 & -‘ax’Lxﬁ"lu v;: Wi |§v3-.:-é Jlep +E
T x o A %.:3lep +E;

T .rrese

T.mass

T mass
T .rmess
T .rress

T . rmass
T .mass:
T .miss:
T .mass:

Irn-sl
IMeaE

T .iress

Long-lived

particles

Direct xx"pzaur prod. (AMSE) " TongTved 5
Stable gR—hadmns low B, By (full detector
Stable t R-hadrons : low B, By (full detector)

GMSB : stable ©

__x — qgu (RPV) :u + heavy displaced vertex

LW pp—w +X v, —>e+p resonance
=k

Bllunear RPV CM SM 1 Iep + 71 S,

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

|
;.—q..b"‘shvnﬂ' 5-COM
L=58 107, 8 Tev ﬁwmt
L=5.8 b, 8 TeV [ATLAS-CONF-2012-108]

T dss -

=58 1", 8 TeV [ATLAS-CONF-2012-109]

L=5.81b", 8 TeV [ATLAS-CONF-2012-152]

L=10.51b". 8 TeV |[ATLAS-CONF-2012-147]
L=12.8 16", 8 TeV |ATLAS-CONF-2012-145)
L=5.81b", 8 TeV [ATLAS-CONF-2012-105]

L=13.010", 8 TeV |[ATLAS-COMF-2012-151)
L=58fb", & TeV [ATLAS-CONF-2012-103]
L=12.8 10", 8 TeV |ATLAS-CONF-2012-145)

L=13.01b", 8 TeV [ATLAS-CONF-2012-151]

L=4.7 fb”, 7 TeW [1209.2102)
L=4.7 b, T TeV [1209.4166)
L=4.7 b, T TeV [1208.2500)
L=4.7 fb”', 7 TeV [1208.1447]

L=4.7 th”, T TeV [1208.2884)
L=4.7 b, T TeV [1208.2884)
L=13.0 10", 8 TeV [ATLAS-COMF-2012-154)
L=13.0 fb”, 8 TeV |ATLAS-CONF-2012-154)

REV

x T X —)Wx x —eev euv :
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L=46 1", 7 TeV [1210.4&25]
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o In1fb™ (/s=7TeV) + 1.1fb7 1
(v/s = 8 TeV) of data, LHCb observes a
signal for BE—> utp” that is
incompatible with the background
only hypothesis at 3.5 0. With:

BB — utp~)=3.2%15x107°
c.f. a time integrated SM expectation of:

B(BY— ™) =(3.544+0.30) x 107°
[arXiv:1208.0934], [arXiv:1204.1735]

$ ) a0
B(BY — p*u~) [x10~°]

LHCbh -

10 i~ 7TV +1L.1 5 ETe)
BOT>07 ]

S —.
5500

6000

m,, - [MeV/c?]
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Constraints in CMSSM model

In general a SM-like B(BY — 1 p™)
rules out CMSSM points with large

F. Mahmoudi et. al. [arXiv:1205.1845]

CMSSM - tan =50, Aﬂ=ﬂ

2000
tan /3.
Direct search results (CMS 5fb™1), 5150“
Charged LSP, B — 7v, , 31000
Allowed region. £

At lower tanp the relative importance AU I SO D
of direct searches increases. R
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Parton luminosity

wJs2012
100 =% T - — T — T I ]
[ ratios of LHC parton luminosities: ; i
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Parton luminosity

ratios of LHC parton lumin

ZEBTeVz’? TeV and 14 TeV

— 9
-~~~ 3gg
v G

luminosity ratio
o
|

LHC parton
luminosity

Wieandn |

now
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Next topics

» 9.1 - other searches for New Physics
» 16.1 - B-physics programme
» 23.1 - heavy ion programme

lemg in incredibly
exciting Time tor
fundamental partcile
physics!
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