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On the way to the Terascale
Measurements at the LHC

Towards understanding the physics of the Terascale

@ On the way to the Terascale
@ The Search for the System behind Matter
@ SUSY: The missing link at the Terascale?
@ First Experiments at the Terascale

© Measurements at the LHC
@ Understanding Reconstruction and Identification
@ Searches for Supersymmetry (or else. .. )
@ One Possibility to Measure Features of SUSY

© Towards understanding the physics of the Terascale
@ SUSY below /s =7TeV
@ The Terascale in the Light of the LHC
@ Ultimative Precision at the ILC?
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Measurements at the LHC
Towards understanding the physics of the Terascale

@ On the way to the Terascale
@ The Search for the System behind Matter
@ SUSY: The missing link at the Terascale?
@ First Experiments at the Terascale
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On the way to the Terascale The Search for the System behind Matter
Measurements at the LHC

Towards understanding the physics of the Terascale

The Search for the Fundamental Buildung Blocks
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A new era with the LHC, almost exactly 100 years after the first look into
the atom

.0
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On the way to the Terascale The Search for the System behind Matter
Measurements at the LHC

Towards understanding the physics of the Terascale

The Standard Model of Elementary Particles

Leptons Quarks
67 ll'7 T u? C’ t
Ve, Vpy Ur d, S, b
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On the way to the Terascale The Search for the System behind Matter

Measurements at the LHC
Towards understanding the physics of the Terascale

Why we know we missed something fundamental

@ Experimentally known: The SM is incomplete!

"Bullet" cluster 10657 156,
Doug Clowe, Mzuusa Bradac et al. (Astrd hysl[a Juuma\ 2006) ‘.

@ We do not experimentally know any particle or field which could o

explain dark matter or dark energy ey
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On the way to the Terascale

Measurements at the LHC SUSY: The missing link at the Terascale?
Towards understanding the physics of the Terascale

Supersymmetry
@ Even if we find the Higgs, we still have a problem ...

@ From indirect measurements:

mp < 140 GeV
H H K g ¢ ekl
—_—————— —_—————— - B
t .
Amp ~ A2 R T
_ M2
natural m, = Mg, .
Finetuning:

Mhp.obs = 10219 GeV — (1 — €)10%1° GeV ~ 100 GeV

nat. mass

Renormalisation
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On the way to the Terascale
Measurements at the LHC SUSY: The missing link at the Terascale?
Towards understanding the physics of the Terascale

Supersymmetry

@ Even if we find the Higgs, we still have a problem ...

@ From indirect measurements:
t my, < 140 GeV

H H @ To prevent quadratic divergencies:
—————— —————— Introduce shadow world:
One SUSY partner for each SM d.o.f.

t @ Nice addition for free: If R-parity
conserved, automatically the Lightest
Amp, ~ N2 SUSY Particle (LSP) is a stable DM

PrrS candidate

7 AY
H f*\ }'i H

I U

@ But: Where are all those states?

AthIn/\ A0
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On the way to the Terascale
Measurements at the LHC SUSY: The missing link at the Terascale?
Towards understanding the physics of the Terascale

Supersymmetry

@ Even if we find the Higgs, we still have a problem ...

@ From indirect measurements:

Particles ‘ mp, < 140 GeV

A \ @ To prevent quadratic divergencies:

Introduce shadow world:

One SUSY partner for each SM d.o.f.

@ Nice addition for free: If R-parity
conserved, automatically the Lightest
SUSY Particle (LSP) is a stable DM
candidate

Supers:yrmnetrlc @ But: Where are all those states?
"shadow " partlcl @ SUSY breaking introduces a lot of
additional parameters
|n any case: myjike < 1TeV Understand model: Measure
msuysy < (’)(Te\/) parameters!
= Terascala (382
ey
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On the way to the Terascale

Measurements at the LHC SUSY: The missing link at the Terascale?
Towards understanding the physics of the Terascale

Why try (trust?) SUSY?
Wim de Boer et al. (1991):

It was shown that the evolution of the coupling constants within the minimal
Standard Model with one Higgs doublet does not lead to Grand Unification, but if
one adds five additional Higgs doublets, unification can be obtained at a scale below
2.10™ GeV. However, such a low scale is excluded by the limits on the proton lifetime.

On the contrary, the minimal supersymmetric extension of the Standard Model
leads to unification at a scale of 10'%%%%3 GeV. Such a large unification scale is
compatible with the present limits on the proton lifetime of about 10%2 years. Note
that the Planck mass (10'® GeV) is well above the unification scale of 10'® GeV, so
presumably quantum gravity does not influence our results.

o ()

, Prediction” of sin® @y :
sin? 07/°Y = 0.2335(17),  sin®45P = 0.2315(02)
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On the way to the Terascale
Measurements at the LHC SUSY: The missing link at the Terascale?
Towards understanding the physics of the Terascale

A Warning: Apparent Finetuning
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On the way to the Terascale
Measurements at the LHC
Towards understanding the physics of the Terascale First Experiments at the Terascale

e magnets . -
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On the way to the Terascale

Measurements at the LHC

Towards understanding the physics of the Terascale

First Experiments at the Terascale

The ATLAS Experiment

@ ATLAS and CMS: First direct experimental access to the Terascale

Diameter 25 m
Length 46 m
Weight 7000 t

=~ 100 Million readout channels

Bechtle:

= 3000 km cables

From First LHC Data to the Terascale
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On the way to the Terascale
Measurements at the LHC

Towards understanding the physics of the Terascale First Experiments at the Terascale

The ATLAS Experiment

@ ATLAS and CMS: First direct experimental access to the Terascale

10° T '5
©
r Tt T : m
7 : : 108 =
o Tevatron LHC @
: : Q
4 3.
5 6 N
10° | . 0 9
b @
2
r %)
10° 10!
b o > si20)
Z 0| ow 107
£ o
© I o (B 100 Gev) 0
et =7 [¢)
10! (o)
=2
r o
-2 a
10° | 5 10
P ouES )
10° [ Friggs(Myy = 150 GeV) 10
I Gpiqe(My = 500 GeV) :
g/ atlas.ch " 107 Lo NIRRT B R R T AU S 1) o

0.1 1 10

vs (TeV) \}

first beam event seen in ATLAS
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On the way to the Terascale
Measurements at the LHC
erstanding the physics of the Terascale First Experiments at the Terascale
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g [ ATLAS Online Luminosity Vs=7Tev ] o [ ATLAS Online Luminosity Vs=7Tev ]
2 5[] LHC Delivered All - g 14; o LHCAI E
§ [ [ LHC Delivered Stable | %, 120 ¢ LHCStable -
€ 4 [ ATLAS Ready Recorded 4 = L ]
5 E = = £ -
- F = £ 10: &
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@ The experiments are taking data with high efficiency and very good
understanding of the data

@ Quite successful delivery of luminosity
@ Expectations for the rest of 2010 around 40 pb~! with large uncertainty
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On the way to the Terascale The Search for the Sy
Measurements at the LHC SUSY: The missing link at the Te
Towards understanding the physics of the Terascale First Experiments at the Terascale

Run Number: 154817, Event Number: 968871 ' ET‘GEX(’E )= 45GeV
Date: 2010-05-09 09:41:40 CEST n(e)=021

M, =89 GeV
Z-ee candidate in 7 TeV collisions

e.g. a few hundred Z boson candidates
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On the way to the Terascale
Measurements at the LHC
Towards understanding the physics of the Terascale First Experiments at the Terascale

but what we’re looking for is a bit more
complicated. ..

simulated SUSY event (no pileup) PO
ey
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On the way to the Terascale
Measurements at the LHC

Towards understanding the physics of the Terascale First Experiments at the Terascale

What do we hope to find?

3 s

r +

Need everything: MET, Jets, B-Jets, elektrons, myons, taus
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On the way to the Terascale
Measurements at the LHC

Towards understanding the physics of the Terascale First Experiments at the Terascale

A few first Measurements of Heavy Objects

ATLAS Preliminary
-»-Data 2010 (s= 7 TeV)
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On the way to the Terascale
Measurements at the LHC

Towards understanding the physics of the Terascale

© Measurements at the LHC
@ Understanding Reconstruction and Identification
@ Searches for Supersymmetry (or else. .. )
@ One Possibility to Measure Features of SUSY

(=]
Vo
)
<

A
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On the way to the T le Understanding Reconstruction and ldentification

Measurements at the LHC
Towards understanding the physics of the Terascale

Reconstructing 7 Lepton Candldates in Early Data

@ Distinguish hadronic decays iy B ] 1% Beons |
from QCD jets
°eg. -
feo
Z Er Z Er 5ur s IR 9¥ e
AR<0.2 AR<0.4 gt s
@ Concentrate currently on least o i

0.02)

systematics, not most
theoretical sensitivity

m TightMedium/Loose settings

},’% é ATLAS VPreIlmlnaw E
£
ATL-PHYS-PUT-2010-001 3

107 ? A extended cut-based ID @
10" ! ! I ! ! ! ! ! ! ( DESY )
1 Zerfall 0 01 02 03 04 05 06 0.7 08 09 7o/

1
Efficiency
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On the way to the Terascale Understanding Reconstruction and ldentification
Measurements at the LHC

Towards understanding the physics of the Terascale

Understanding First Data: 7 Identification

The first ~ 17 nb~! of 7 TeV data: ATLAS-CONF-2010-059

. 10
v By 220F ATUAS Preliminary |

Number of t candidates / Gev

T
TN TN T
Number of t canddates 1032
AR M A
TN

. Lo B o K R R X R R e £ 5
@ No significant number of real 7

leptons

100f

sof-

@ Use 7 lepton candidates from
QCD instead

@ Compare data and MC in detail T

=

Already quite good agreement — but the standard ATLAS Pythia tune with
kT ordered showers shows some small deviations
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On the way to the Terascale Understanding Reconstruction and ldentification
Measurements at the LHC

Towards understanding the physics of the Terascale

More data and a different simulation. ..
The first ~ 244 nb=1 of 7 TeV data: ATLAS-CONF-2010-086

Ehiga

o
ATCAS Prefminary |
600F-

500F- E

a00F- E

Number of T candidates / 0.01

101
300F E|
200F 3
102k
100F- 3
. - IO TO T SOV T
R S X TR PR F IR & M 10 20 30 40 50 60 70 80 90 100
Ren p, [Gev]
PR .
8 OO ATTAS Fretminary g MMM et et it s
S geof 3 ATLAS Praiminary
H pi
£ o0 3
§ sof 3 o8-
L owob 3 +H+*¢+¢ sz
z 0.6 -
R e ‘*f o » At 9
2 2000 E| [
100 E -
02F 7 4

01 02 03 04 05 06 07 08 09
fear

L
1020 30 40 50 60 70 80 90 100
P, [GeV]

@ Great data-MC agreement (including minimal pileup)
@ Strong separation between signal and background expected
o Slightly different tune with g2 ordered showers seems to work much s

) K i DESY )
better — probably only due to tuning, nothing to do with shower N4
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On the way to the Terascale Understanding Reconstruction and ldentification
Measurements at the LHC
Towards understanding the physics of the Terascale

The first very good hadronic 7 Candidate
SATLAS

13 EXPERIMENT
Run 155697, Event 6769403 Single prong

Time 2010-05-24, 17:38 CEST .
candidate
W-1tv candidate in

7 TeV collisions - ‘ pr(7) =29 GeV
< Etmiss = 39 GeV
AP(T, Ermiss) = 3.1
mt = 68 GeV

No u or electron
candidate in the
event

Current Focus:
Work on understanding fake rates and efficiencies in detail
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On the way to the Terascale
Measurements at the LHC Searches for Supersymmetry (or else...)

Towards understanding the physics of the Terascale

The possible discovery of Physics at the Terascale

@ inclusive spectra: probably

S 1
fastest way to discover 2102; AL 2PN O Brciminary 0 SM + SUSY SU
SUSY-like physics § e :;S[?:’;lg:ge(iop

@ Challenging because very good 10 7 3
detector understanding with : 8_88 Egtlsjets
relatively little data needed 1= SR E
(ca. L~ 1fb71) i ;

1075500 1000 1500 2000 2500 3000 35002000

Effective Mass [GeV]

Meff = Z,’pT,i + ETmiss
ATLAS MC 1fbh™1 @7 TeV
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On the way to the Terascale
Measurements at the LHC Searches for Supersymmetry (or else...)

Towards understanding the physics of the Terascale

The possible discovery of Physics at the Terascale

@ inclusive spectra: probably

S A LRSS Yy
fastest way to discover 8 450?‘;‘?@6?1'3;;'1'"1'"3“ o 31 3 lebions 057
SUSY-like physics S qo0fur T g discovery B o]

E N MSUGRA tanf3'= 10
@ Challenging because very good 350 ’
detector understanding with 300/ oo e, S SRR
e, )
relatively little data needed 550 8 GaoTew

(ca. L~1fb71)

[RRRRNRARRN AR e E e aa s a)

(N et W A F s B TR

200 i
@ Is it really SUSY? Or something 150
else? —~<n
. . . 100'..:'m’..|...H'.‘.|...J./:.|,,,Nofgvsf
@ Which partlcles, which masses, 0 200 400 600 800 1000 1200 1400
) . GeV
which decay chains? e
@ Quantum numbers, couplings? Mesr = Z,’PT,i + ETmiss
ATLAS MC 1fb~1 @7 TeV
%)
ey
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On the way to the Terascale
Measurements at the LHC Searches for Supersymmetry (or else...)

Towards understanding the physics of the Terascale

The possible discovery of Physics at the Terascale

(ca. L~1fb71)
@ Is it really SUSY? Or something 500

@ inclusive spectra: probably — 1200
fastest way to discover 3 1100 e 50 1 lepion 4 16t5
SUSY-like physics S 502 lpion 55 2 s

@ Challenging because very good & goof &
detector understanding with 800E & i
relatively little data needed 7005 . ATLAS Preliminary

ol b b B b b b b L

else? 400
@ Which particles, which masses, o | I" | |
which decay chains? 500 1000 1500 2000

m; (GeV)

©

Quantum numbers, couplings?
Meff = Z,’pT,i + ETmiss
ATLAS MC 1fb~1 @7 TeV

Bechtle:  From First LHC Data to the Terascale DESY Seminar 07.09.2010 22



On the way to the Terascale
Measurements at the LHC Searches for Supersymmetry (or else...)

Towards understanding the physics of the Terascale

The possible discovery of Physics at the Terascale

@ inclusive spectra: probably 1R

i
® Data 2010 /s = 7 TeV)

fastest way to discover . égf,‘.:‘
SUSY-like physics =
1 = Sua (x10)

@ Challenging because very good
detector understanding with
relatively little data needed
(ca. L~1fb71)

@ Is it really SUSY? Or something
else?

ATLAS Preliminary

Entries / 10 GeV

3Ll Lo Lo Lo Lo Lo by Lo 0™
10°%""20 40 60 80 100 120 140 160 180 200
ET™* [GeV]

) . ) ATLAS data @7 TeV only 70 nb!
@ Which particles, which masses,

which decay chains?

@ Quantum numbers, couplings?

(=]
Vo
)
<

A
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On the way to the Terascale
Measurements at the LHC Searches for Supersymmetry (or else...)

Towards understanding the physics of the Terascale

The possible discovery of Physics at the Terascale

@ inclusive spectra: probably o e w0
fastest way to discover = S0 E‘%‘ _mfz-iﬁggj
SUSY_”ke physics E 402 Smearing 2.273i1,3§9

@ Challenging because very good 3 e E

. . £ 20 =
detector understanding with ook E
relatively little data needed oo :
(ca. L~1fb71) N3 ]
@ Is it really SUSY? Or something O R
?
else: ATLAS MC 1fb~1 @14 TeV

@ Which particles, which masses, kinematic edges

which decay chains? => mass information

@ Quantum numbers, couplings?

A

(=]
Vo
)
<
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On the way to the Ter le
Measurements at the LHC
understanding the physics of the Terascale One Possibility to Measure Features of SUSY

p+

@ Cannot detect LSP
@ Only SM-particles visible:

o Leptons (3)

o Jets (at least 4)

@ missing transverse
momentum

@ Observable: Inavriant mass

2 2 2 2
my, ,— (m)zg, m; mfé?)

+

p

@ Cannot reconstruct any sparticle mass directly
@ Observable m?, depends on sparticle masses (mf.(o7 mf;l, mfzg)
2 1

@ Combinatoric background from second decay chain (6@

o8
(ohe
(&

A
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On the way to the Terascale
Measurements at the LHC

Towards understanding the physics of the Terascale One Possibility to Measure Features of SUSY

Measurement of the invariant // mass

ATLAS MC arXiv:0901.0512 [hep-ex]

W ST T LA B B B B I
= L —— SU30SSF B
-~ C ——— BKG OSSF -
% 40f ----- SU3 OSDF ]
:2 === BKG OSDF mo — 100 GeV
g mi2 = 300 GeV
:EJ Ao = -300 GeV
tang = 6
P P Rl O A i S w o v T
0 20 40 60 80 100 120 140 160 180 200
m(i) [GeV]
@ Select events with E7piss, hard jets and at least 2 ¢
@ Sharp edge in the my, spektrum smeared due to finite resolution
= E.g. calibrate inflection point to edge
@ Use data itself to subtract background:
(6@
OS — SS or OSSF — QSDF ( DESY )
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On the way to the Terascale
Measurements at the LHC

Towards understanding the physics of the Terascale One Possibility to Measure Features of SUSY

Measurement of the invariant // mass

ATLAS 14TeV MC, update in progress!

_ 22 Indf 4011145
a E " prob 0.679
“‘: 50— Endpoint 99.66 + 1.399
-~ F Norm. -0.3882 + 0.02563
% 40} Smearing 2273+ 1.33:9
O] E 1 mo = 100 GeV
I 30 =
3k ] mi = 300 GeV
B 20 E Ay = -300 GeV
10 E —
5 ] tang = 6
0% r
105, I | I | | | ) | | 1
0 20 40 60 80 100 120 140 160 180 200

m(ll) [GeV]

@ Select events with Et1piss, hard jets and at least 2 ¢

@ Sharp edge in the my, spektrum smeared due to finite resolution
= E.g. calibrate inflection point to edge

@ Use data itself to subtract background:
OS — SS or OSSF — QSDF
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On the way to the Terascale
Measurements at the LHC

Towards understanding the physics of the Terascale One Possibility to Measure Features of SUSY

More Mass Edges

@ One observables m?, epends on 3 sparticle masses (mf.(g, mf;l, mfz?)
Mass edges:
miw (mzo, mf; ,m2~0)
Magr - (M3, m2°7 ’"51 ms)
of af ! b (B, )
quar(m mfzg,mi—l,mfz?)
Q00QQ mgf/aw = ’”""[(mczqeneam (mggf'ar)]
g q XZ 11 )2%’ mqéh;gh = maX[(mqénea,)v (mql,(a, )]

@ e.g. by adding a reconstructed jet:
o 1 additional sparticle mass
o But 3 additional observables!

@ /lpear and Lg, cannot be resolved —
o glhigh and qlj,, edges

@ Di-leptonic final states: — 4(5) observables and 4 sparticle masses — distinct
solution(s)

(o8
(efe
=y

<
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On the way to the Terascale
Measurements at the LHC

Towards understanding the physics of the Terascale One Possibility to Measure Features of SUSY

Expected mass spectra

_ | 72/ ndr 40.11/45 _ 2ZTndf 23710 a3
a F T Prob 0679 o 50 Endpoint 516.7+30.1 1)
= 50— Endpoint 99,66 + 1.399 - Slope -0.1563 +0.0424 b
= E Norm. = 40 ck_po 2637+ 19.96 a0
= E Smearing 3 bok p1_-0.04149 + 0.03387 o
o 40C 3 et
S 2 H e
= | — c
§ 20° £ =
g 5 >
g =
L N~
0¢ 2
10E - L L L - ! L ! T T b L L el L ]
20 40 60 80 100 120 140 160 180 200 o' 100 200" 500 ‘400 ‘500 ‘600 ‘700 ‘B0 U
m(ll) [GeV] m(llg) [GeV] g}
o
- | 721 ndf 552718 - 72 I ndf 619 g—
a Endpoint 4453111 2 70p Endpoint 3
= 500 Slope  -0.2895 + 0.0823 = 0E Slope  -0.2852:00260 | _, -
> E J > F B |
& a0f E & 50- E o)
r E| o E =
IS 0 * S 40 —
S 30F ATLAS PR ATLAS
R 2 30 >
£ 20| k=4 £
& 2% S 20F + FU
10 B 10 + + <
r Bl it 4 —
o Mo N 0 El
H] (9p]
El -10 1<
B . | | | k| | | L | |
GO 700 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800 |_
m(lg) [GeV] m(lq) [GeV] <
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On the way to the Terascale
Measurements at the LHC

Towards understanding the physics of the Terascale One Possibility to Measure Features of SUSY

Are we done yet?
Not only SUSY causes kinematic edges

(a) UED (b) SUSY

1/0 ar/au (1/Gev)
1/I dr/aM (1/GeV)

L L L
20 40 60 80 100
My, (GeV)

from hep-ph/0509246
Need much more complex measurements (angular distributions,

. O

polarizations (= 7)) 5%

80 100
(GeV)
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On the way to the Terascale
Measurements at the LHC
Towards understanding the physics of the Terascale

© Towards understanding the physics of the Terascale
@ SUSY below /s =7TeV
@ The Terascale in the Light of the LHC
@ Ultimative Precision at the ILC?

(=]
Vo
)
<

N
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On the way to the Terascale
Measurements at the LHC
Towards understanding the physics of the Terascale

MUIt"Messenger Experimente at highest

SUSY below +/

Experiments at highest

precision ¢ . LEP energies
g
@ Babar S ; @ SUSY-search at
@ Belle Ay ! Tevatron
@ BES, CLEO ] @ Higgs-search at
@ Aleph i P Tevatron
@ Delphi " 15 : @ ATLAS
° L3 LY W el V1
o OPAL - m‘f‘:‘z‘:mw @ Cosmology of the early
o SLC ; 200,= F ] universe
lc-2), N == .
@ mw, m:, B bei CDF
@ mw,m:, B bei DO 3 3 ]
@ Indirect Detection, 2 ]
Satellites 1 4
) SuperBeIIe 0 Excluded \&:, _/ Preliminary
30 100 300 s
@ ILC? m,, [GeV] (3%)
ey
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On the way to the Terascale SUSY below /s = 7 TeV
Measurements at the LHC

Towards understanding the physics of the Terascale

Fits using Fittino

Measure properties of New Physics = Check confidencde in different
models = measure parameters

Fittino is a framework to perform y2-Fits of model parameters and to
compare models/interpretations

Momentarily: concentrate on MSSM/nMSSM/ . ...

Modular expandable

Modular combination with programs to calculate observables in NP
models (SPheno, micromegas, mastercode, etc...)

Fittino does determine best fit values, P-values, uncertainties,
comparisons of confidence levels of different models/interpretations
Advanced statistical Methods (GA, Simulated Annealing, Markov
Chains)

See e.g. ARX1v:0907.2589 [HEP-PH]

Older work in HEP-PH /0412012, HEP-PH/0511006
Lots of other work in this field, e.g. ARX1v:0907.5568 [HEP-PH|, ARX1V:0910.2601 PN
[AsTRO-PH.CO)]
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On the way to the Terascale SUSY below /s
Measurements at the LHC

Towards understanding the physics of the Terascale

Simplified SUSY Models

Reduction of the number of parameters: Assume unification at Mgyt

Universal gaugino mass M/, 4 additional continuous parameters
700 ‘ ‘ @ universal gaugino mass M, ,
600 I ] @ universal scalar mass Mo
@ universal trilinear coupling Ao
500
@ tanfB=w/v
=400 .
Eq-": 9 signu
s 300
Typical model point forLHC,ILC studies:
200 SPS 1a
100 |- - My, = 250 GeV, My = 100 GeV,
r 1 Ao = —100 GeV, tan g8 = 10, signu =1
| |

|
1x10° 1x10°  1x10"% 1x10%
/e ® N\
Q (GeV) )
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On the way to the Terascale SUSY below /s = 7 TeV
Measurements at the LHC

Towards understanding the physics of the Terascale

Experimental Status of SUSY
@ Fit SM+mSUGRA to measured

mMSUGRA fitto LE

m, 172412 1724 observables
m, 42017 42
m, 91.1875+0.0021 911871
o 01176+ 0.0020 01177 o X2 = 206 at 23 dOf =
G, 1.16637 10° + 10" 1.16637 10° P V | 60 5 0/
ag, 127.925 + 0.016 127.924 -Value = . 0
m, > 114.4 1133
o 41.54£0.04 41.48 . .
Al : 0.01714 £0.00095  0.01644 o Best f|t for Slgnﬂ e —|— 1 un d
A 0.1465 £ 0.0032 0.1480
A 0.1513 +0.0021 0.1480
A 0.67+0.027 067
Ay 0.923+0.02 0935
A 0.0707 +0.0035 0.0742 -
b 00902100016 01038 Parameter Value and Uncertainty
Re 0.1721+0.003 01722
Ry 0.21629+0.00066  0.21604 tan B 13.2+£7.2
R 20.767 £ 0.025 20.746
r, 2495.2 + 2,51 2495.1 M12 331.5 £ 86.6
sing,, 0.2324 +0.0012 0.2314 +79.8
my, ! 80.399 +0.027 80.380 MO 76'2729.2
Q 0.1099 + 0.0135 0.1115
(gb-g)“ 3.0210°+9.010" 25510° AO 383.1 £647.0
BR(b - sy)  1117+0.122 1.009
BR(b- 1) 1.15%0.4 0.96 s 0.1177 £ 0.0020
BR(B,~ Xl) 0.99+0.32 0.99
BR(K - Iv)  1.008+0.014 1.000 Cem 127.924 £ 0.014
B, 0.92+0.14 1.03
B oo 03 mz 91.1871 = 0.0020
B By, 1.09+0.16 1.00 ms 1724+ 1.1
1 2 3 _ —
(Meas.Fif)l o Gr 1.16637 - 10 ° +1-107%
%
ToESY )
ey
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On the way to the Terascale SUSY below /s = 7 TeV

Measurements at the LHC
Towards understanding the physics of the Terascale

Experimental Status of GMSB & mSUGRA

Almost the same P value for different models
similar expectations for the sparticle masses at LHC:

[_Predicted Mass Spectrum of SUSY Particles LE mSUGRA | E ] [ Predicted Mass Spectrum of SUSY Particles LEno @ h*GMSE_| [
E UOE L
1600:* . 16 Environment el SUSY 2000 . 10 Environment lﬂ
% £ 20 Environment % 1800 20 Environment
o 1400~ o) E
‘o £ — BestFit Value o 1600 —— Best Fit Value
g 120 8§ 1400
3 100 o 1200
e} r ° E
E 800; 51000E
g 600F ° 8001
2 £ £ 600
£ 400F - - E g E -
o E o 400 .
& 200F . . -. B & 2000 .
oEL L1 | | | oLt L L |
0 A0 O 00400y y*T T s 5 =~~~ =+ = 0 A0 O v0 4000y y*T T H s 5 =~ ~ = ~ =
hAHH><1><2><3x‘,><,><2 Lgpqulbzt,rzg hAHHxxxxXX quQleztltzg

A

=
L4
2
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On the way SUSY below /s = 7 TeV
M emer t the LHC

Towards understanding the phy of the Terascale

Experimental Statements on the Allowed Parameters

5 B B Sy B L S N

g T ]
%\ 1000&1@, ATLAS - 4 jets 0 lepton N
O] s ) e waie 4 jets 1 lepton 4
< %Y sodiscovery = 4 jets 2 leptons OS -
E: MSUGRA lah\B\— 10 Tjet 3leptons -~

600

WF

400

200
\'\_.;;;/k“.‘..n..‘i’
00 500 1000 1500 2000 2500 3000
m, (GeV)
1fb~1 @14 TeV
Still chances for early discovery at LHC . ..
40\
DESY
7))
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On the
M

Towards understanding the phy

way
emer

t the LHC
of the Terascale

SUSY below /s = 7 TeV

Experimental Statements on the Allowed Parameters

R I I ey [ v,y
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8 450 ATLAS Preliminary ------4Jets‘l Iepton
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0 200 400 600

800 1000 1200 1400
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1fb 1 @7 TeV

Still chances for early discovery at LHC . ..
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On the way to the Ter le SUSY below

Measurements at the LHC
Towards understanding the physics of the Terascale

Experimentelle Statements on Observables

no Q, allLSP
no Q, all LSP
no Q, LSP xo
no Q, LSP X
nnhs
oy Qs
350
300
s F
& 250
£ 200
150
100 AT
= e T R R I
100 200 300 400 500 600
mgp (GeV)

Challenging final states expected for the reconstruction of model properties

small mys p — msp
Many 7 leptons

A

=
L4
2

Bechtle:  From First LHC Data to the Terascale DESY Seminar 07.09.2010 35



On the way to the Ter le
Measurements at the LHC The Terascale in the Light of the LHC

Towards understanding the physics of the Terascale

mSUGRA-Fits including LHC Expectations

LEEE | — LHC+LE L@ | — LHC +LE
= UL
501 — LHC r — LHC
r 251
40 [
@2 F @ 20F
2 30- S0
e + 2 15F
20F 10F
10/ + 4 + sk
. L Xatts b T TG 0:‘ R .
£000 7500 0 500 1000 1500 4 6 8 10 12 14 16

A, (GeV) tan B

For small LHC luminosities: 1fb~! @ 14 TeV

@ Non-gaussian parameter uncertainties

@ Very clear improvement when combining LHC with low energy precision observables
= Multi-Messenger
@ More improvements possible using higher precision = SuperB-Factories, GigaZ ...
N4
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On the way to the Terascale
Measurements at the LHC The Terascale in the Light of the LHC

Towards understanding the physics of the Terascale

Distinguishing Models/Interpretations

: o
3 40 3 I
o ta
o 30r o 30:
& f S T
£ 20F £ 20F
< F < [
10 10:—
o i
AP VIR PP PR IV A (0] R I N AN AN
0 10 20 30 40 50 0 10
X2 (correct model) X2 (correct model)
Digital parameters at 1 fb* Interpretation of mass edges at 10 fb~!
@ Fit the “wrong” models with @ Change interpretation of measured
signp = -1 mass edge (mg, < mg, )
@ Probability to prefer right over wrong: @ Probability to prefer right over wrong:
96% C.L. 77% C.L.
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On the way to the Terascale
Measurements at the LHC The Terascale in the Light of the LHC

Towards understanding the physics of the Terascale

Assighments: Measurements and Observables

X2 I ndf 16.36/ 11
Prob 0.1281

21 ndf 379134
Z SUSY Prob 04778 Z SUSY

TV Constant 29.68 +1.83 Constant  120.2 7.4
Mean 9.859 £0.044 20 Mean
“ . @ Observed mass
R edges cannot
£ 30 F i
g g automatically be
20 . .
i assigned uniquely to
10 u exactly one decay
0778 910 1 12 13 02300-200 0 200 400 600 800 10001200 chain
tanp A, (Gev)
LI e | [ LB | @ New precedure
aof [ s | e allows to extract CL
sk Sigma__ 2,041+ 0.073 401~ Sigma___ 1296 + 0.056
g = and to study the
£ o5t g3 effect of these
=3 =3
e "2 \ uncertainties on the
10" b parameter
% (NN Y ST N uncertainties
0 92 94 96 98 100102104106 108 110 0 246 248 250 252 254
M, (GeV) My, (GeV) (ge‘s?)
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On the way to the Terascale
Measurements at the LHC The Terascale in the Light of the LHC

Towards understanding the physics of the Terascale

Expected Future Developments

@ Expectations for 7 TeV data
@ Correlated treatment of RGE uncertainties

@ Complete x? information of Higgs searches from
HiggsBounds arXiv:0811.4169 [hep-ph]

@ Complete Treatment of assignment uncertainties
@ Using rate information on SUSY final states

100000

10000

20 400 60 B0 1000 1200 1400 1600 1800 2000
Mk [GOVI

@ Parametrise o in mg, my, parametrise ¢ (fast sim), calculate B
arXiv:1003.2648 [hep-phl]

@ Direct/Indirect Detection Limits/Discoveries?
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On the way to the Terascale
Measurements at the LHC The Terascale in the Light of the LHC

Towards understanding the physics of the Terascale

Challenges for Interpretation and Data Preservation

< 60 T T T T T nt2
s (a)LEP
v 50 observed g limits on EhE
o HZ -~ HH,Z
[ - bbbbZ | {Hos
s BaRasARAY) £ N
s ALK
S 450/ ATLAS Preliminary 0L 1Hos
e 7TeV-1fb"
< goofhis
€ 20F 4Ro4
350
E 10 | 1§02
One SINGLE LEP H. ¢hannel

3 0 20 40 60 80 100 _ 120
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Ly poswen]

500400600 5001008 1200 1400
m, (GeV)

o7, % BRE) (Pb)

— o it
Expected Limit

Interp

04
20 4 6 8 100 120 140

00 10120 130 40 160
Chargino Mass (GeV)

Not very useful, sincde channels are Can only go from experimental result
convoluted to new interpretation if detector
resonse to each signature is known

. . £\ P
individually @
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On the way to the Terascale

Measurements at the LHC
Towards understanding the physics of the Terascale Ultimative Precision at the

Precise collider “prediction” of Qpy
@ Compare without assuming unification at the GUT scale:

C LE+LHC+ILC mSUGRA: Q= OA99995L10.00098
400} LE+LHC+ILC MSSM18: Q= 1.00009 +0.00208
r LE+LHC MSSM18: Q=0.97286 +0.07131
| 2
350?|:| \FI::MAPQDMhZ: 1o
E anck Qth + 1o
300~
Q : 120 ‘
=250 ! +
(e} c 80
=200 S
150F « "
1008 | g
50F
Eovnn | ovnidoconon d onan. ool .
% 02 04 06 08 1 12
2 . 2 RN
Qpyh(predicted)/ Qh"(measured) <\§e.si/>
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On the way to the Terascale

Measurements at the LHC
Towards understanding the physics of the Terascale Ultimative Precision at the ILC?

Summary

The SM (w/o Higgs) will have to be expanded by at least one feature
at the Terascale

SUSY solves many challenges, in theory and experiment

SUSY has a rich phenomenology: Perfect for preparing for New Physics
LHC Experiments are starting with exceptional understanding of the
detectors

Many analyses ongoing to completely understand the detectos, the
beams and the reconstruction

Discovery of SUSY unsing 1fb @7 TeV is possible

Available data prefers LE SUSY (mainly (g — 2),, and Qcpum

though ...)

Many activities and advancements on the field of trying to understand
New Physics o

(DESY )
ey
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