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LHC produced fireworks of data
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LHC 2012 RUN (4 TeV/beam)
Mar Apr Jul Aug Sep Oct N(
Month in 2012

—0— ALICE 7.385 pb~’

—— CMS 20.127 fb™!
PRELIMINARY

—o— ATLAS 20.324 fb~
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LHC priorities for 2012: H
« enough lumi (~15/fb ) to discover Higgs
* machine experiments to run after LS1
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Luminosity Production  gyeyers, cernoct rrs

2012 Measured vs Predicted Integrated Luminosity
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Key to h I g h I u m I n OS I ty J.Wenninger, LHCb-Week

o Current: PS at limit of beam stability, injecting ~1.9x10% ppb
In LHC: beam instabilities, beam induced heating.

o Reduction of B* <> tighter collimator settings
(Effective aperture reduced from 14 to 10.5c . Operation tricky...).

Parameter 2010 2011 2012 Nominal
N ( 10 p/bunch) 1.2 1.45 1.58 1.15
No. bunches 368 1380 1380 2808
Bunch spacing ns 150 75/50 50 25

& (um rad) 2.4-4 1.9-2.4 2.2-2.5 3.75
B* (M) 3.5 15> 1 0.6 0.55

L (cm2s1) 2x10%2  3.5x10%2 [ 7.7x1033 J 1034

Beam intensity = 1.6x design value at 4 TeV.



LHC Operation

< Week 36: 3 to 10" Sept; Delivered luminosity 1.02 fb-1 (max. 1.35 fb'1)>

Beam intensity and Energy
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Down-time:

« Cryogenics/compressors

 Beam instrumentation, BLMs, QPS
 PS problems

Operation problems:
« Beam induced heating (BSRT, MIK)

_ * UFOs
@ Access - No beam : 14.02% * LOSSGL.‘S due tO peam '[8..I|S
Machine setup : 26.95% @ Beamin: 14.99% « Beam instabilities (emittance blow-up)
R 1 8.12% .
= StaarEFe E;‘;‘:e;‘zgl % ‘ Beam losses at squeeze & adeSt
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L H C Sh u td own WO I k J.Wenninger, LHCb-Week

Prepare machine for high-energy (>13 TeV).

O Repair non-conform interconnects.
o 10-15 % of interconnections to be opened and to be re-welded.

O Consolidate ALL interconnects with new design.
o 10’170 interconnects.

a Finish pressure release valves DN200.
o 4 sectors: 2-3, 4-5, 7-8, 8-1

O Repair He leaks.

O Radiation to electronics mitigation.



Detector Operation
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Detector operation & maintenance, reconstruction, calibration,
software, computing requires a huge effort of personal.

L.., ATLAS: Shifts + 680 FTE OperTasks + 180 for TIERs = ~1000 FTEs pr‘ﬁ
a4 ’

t“.: Physics Analysis is no operation task!
. Y St I
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German Participation

PhD at CERN
Students

In addition:
ca. 40 - Und_ergrad students,
engineers,
ca. 20 technicians
7

ATLAS
CMS 123 91
LHCDb 17 27

Most important

German functions

~780 Physicists

CMS

Deputy CB-Chair: G. Herten (FR)

Computing Coordinator: H. v. d. Schmitt (MPI)
Run Coordinator: S. Zimmermann (FR)

Physics convenors

S. Glazov (DESY) - Standard Model
T. Kuhl (DESY) - Monte Carlo

M. Cristinziani (BN) - Top ]_ until
S. Kortner (MPI) - Higgs J10/2012

Deputy CB-Chair: M. Kasemann (DESY)

Tracker Coordinator: H. Hartmann (KIT)
Deputy TechCoord.: W.Zeuner

CB-Chair: B.Spaan (DO) LHCDb

Tracking Coordinator: J. v. Tilourg (HD)
Deputy Trigger Coordinator: J.Albrecht (DO)

Physics convenor
S.Hansmann-Menzemer(HD)-BtoCharmonium




Delivered integrated luminosity (fb™!)

Data Taking

LHC 2012 RUN (4 TeV/beam)

93 %
94.6%

93.6% (93.7%)

( 90%)
(99%)

“Factory mode”

25 I | I I I I I [ I
—o— ATLAS 20.324 b~ epara (all good)
=1
—A— M5 2012710 7.6x10%¥ Hzcm?  ATLAS
20 H—— LHCb 1.858 fb™' i
—o— ALICE 7.385 pb™' & CMS
PRELIMINARY ' LHCDb
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Mar Apr May Jun Jul Aug Sep Oct Nov

| | —>| 7] FULLY ON: 94.59 (%)
[ ] HV: 0.25 (%)

[ | VELO Safety: 0.78 (%)

I DAQ: 2.11 (%)
I DeadTime: 2.36 (%)

Sub-detector channel

Month in 2012 availability: 96...100%

[generated 2012-11-11 08:22 including fill 3273)
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Triggering, Parking & Deferring

ATLAS & CMS:

L1 leveling

« Core triggers prompt reconstruction
- Parked triggers delayed reconstruct.

T Core parkes

ATLAS 370 Hz 110 Hz
CMS 400 Hz 300...600 Hz

LHCDb: Luminosity leveling

* HLT prompt triggers

 HLT deferred triggers (to disk):
filtered between fills (~20%)

Event recording: 5000 Hz

Rate [Hz]

105§| — s L1:upto~ 70 kHz 7
10* L2: up to ~ 5 kHz E
E S Y - i} e E
10° g EF: ~480 Hz |8
02 B ATLAS Trigger Operations 1
1 LHC Fill 2686 May. 31 2012
. Starting Luminosity: 6.37 x 10 cm?s ]
10 Endlng Lumlnosr[y 2. 91 X 10 cm 2g°1 E
:‘ 1 1 1 F
31-06h 31 08h 31 10h 31 12h 31 14h 31-1
CEST Time
4505—
400 £ M
g oc | 32 2
S 300 4x10° Hz cm-
= 2502— ’
3 200F- e
£ 150F-§
100E- § . .
®=:  Fill 3266
Oi‘:||I|||I|||I|||I|||I|||I|||I|||I|
0 2 4 8 8 10 12 14 18

Hours since Stable Beams (h)
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7.6x1033Hz cm? < <u>~ 38 e

Design ~ 20 e 3

L1 Tahle

Event with 78 reconstructed vertices and 2 muons...




) [GeV]

XY

CF(Emiss

Pile-Up Handling

E Miss resolution

26 : T T | T TT | T TT | T T T | T TT ‘ T | T T T | T T . T ‘. T TT | T \: 5‘
o4F © MC12 default ATLAS Preliminary 3 -
- 0O MC12 Pile-up suppression STVF . Qo 1.00
29F * Data 2012 default _ ] o
— m Data 2012 Pile-up suppression STVF . =
20 - 2 0.98
- Z-oup . < v
18- Vs =8TeV _+_ ] o
- -1 _¢_=¢=:¢: = A
165 |Ldt=1.7 b - = o 0.96
: o ] &
14— Ojets pT>20 GeV —= ] _
- e = D 0.94
2 . i
10- 7 = o 0.92
- B Ll
6 C 1 1 1 | | 1 1 | 1 11 | 11 1 | 1 11 ‘ 1 1 1 | 11 1 | 1 1 1 ‘ 1 11 | | \_ 0 ‘90
0 2 4 6 8 10 12 14 16 18
Npv

Particle Flow Isolation

|solated p

—&- Data, 2012
- Simulation
CMS Preliminary, ¥s = 8 TeV

5 10 15 20 25 30 35 40

Number of vertices

Detector performance under high pile-up condition is surprising.

Huge efforts to keep reconstruction inside CPU/memory budget.
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Grid Computing
,,

.l LHCbE

Millionjobs/month&

CMSE
LI ATLASE
~/ ALICER

(V]
Jan-120 Feb-12R Mar-12( Apr-12( May-12@ Jun-120 Jul-128 Aug-1208

| LHCb®

CMSE
L ATLASE
LI ALICERI

Million@HS06-hours/month@

Jan-12@ Feb-12@ Mar-12@ Apr-120 May-120 Jun-12@ Jul-12@ Aug-128



LHC Computing Deutschland

@ Tier1
@® Tier-2 D-Share (target)

ATLAS  12.5% Tier-1

&
@ HH CMS 10 % Tier-2
LHCD 16.6 % Tier-1

® GO ®
B ‘2012: Pledges fulfilled. \
® w 2
& 2013: GridKa faces increasing
demands from experiments.
First shortages (disks!).
2014: Trend will continue
® KA 2015: Large data increase
M
® FR ' University Tier-2's need hardware
replacement. Resources for 2013
provided by BMBF, afterwards ???
17
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Discovery of a “Higgs-like” Boson

5 GeV

Events / 1
o
Q
o
T T T T '| T T T T ] T T T T

S/(S+B) Weighted

Search performed in
H—yy, ZZ, WW, 171, bb

1500

n
o
o

o

CMS \s=7TeV,L=51f'\s=8TeV,L=531fb"
L '| T T T T [ T T T ]

¢ Data

S+B Fit

--=--= B Fit Component
I ES T

[ 20

110 120 130

140
m,, (GeV)

Combined significance: 5.0c

150

Status July 2012

Search performed in
H-vyy, ZZ, WW

- ATLAS

2011 -12

Vs=7 Tev: EL:H =47-481"
V5= 8 TaV: JLdt = 5.8-5.9 i

-— 107 frmman __

- 4 . .

- ’ L | —

_ 5 10° —

----------- G -

- 10*2 —

I e T
ol —— Observed  f===19 Expected Signalt 1¢

1 0_ — P S TR S S T | 1 1 1 PN NN SN SN SN SN NN SO TN ST S N T S i

110 150 200 300 400 500
my, [GeV]

m=125.3+ 0.4 +£ 0.5 GeV

Combined significance: 5.9c

m=126.0+ 0.4 +£ 0.4 GeV
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ATLAS Update at HCP

> C I T T T T I T T T T | T T T T I T T T T I T T 1 L QE T I T T T I L] ¥ T I L) L) I T T T I T T
G 120 ATLAS Preliminary —+ Gk subtractod dasa T ::gj ATLAS Preliminary _
?_ 10002 Y5=8TeV, fLdt=13.0f" [ Hizscev 9 e H__’ST y J?e‘i’lr::f::'fe‘f (0/1 jets)
@ L HowW Sevuviuvey (01 jets) a2 b VS 8 TeVitat=
c - “Hztio
s 8 | | — I E r
sk ATLAS Preliminary : m, = 126 GeV
. H’ W.Z H — bb
40 Ae = 7T, | Ldt= 4.7 5" . ;
B Ye=sTev L= 13" :
- H— 11
20 o= TTev: [Ldt=dEm’ I
1'a-arah-tfut-_jlam' :
Of H— f "= v
TR ST T [ TR SR ST N 1;=HT'¢‘H". Lgt=13m’ ;. - T
50 100 150 » " ; 160 180
* :
Ko = TTew: [Ldt=aon” o m. [GeV]
= Raasssanl 3 =8Te¥: |Ldt=Bom" H e
& o H—2ZZ'" — 4 b 46 1527 TeV
o YT = TTev: |Ldt= 485" ' o t=13.01" 1s = 8 TeV
r: 5[ ¥e = & Tev: | Lit= 581" ; T
L [ : ' ason E
= - Dnmb}ned _ =13+£03 i eon ot 105 Gay -
Hott ¢ * i e : k
o | | | | | | | oo
> 10 +1 =
: 3 Signal strength -
Use embedding |9 ~ . 9 gth (1) ]
technique : L ATLAS Prafiminary o 2 O
to simulate Z—s>tt °F - 1021 1.1c observed (1.7G expected)-
N Loa L1 L I [ T BT |:
rL-:ID S0 100 150 200 250 300 350 400 100 110 120 130 140 150

MMC m_, [GeV]

my, [GeV]
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Events / 3 GeV
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CMS Update at HCP

CMS Preliminary Y8 =7 TeV,L=5.05 ' fz=8TeV.L=12.21f

s Data
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III|III|III|III|III|II1_

| Ho 2z

I‘I 00 120 140 160 180
m,, [GeV]

p-value analysis: 4.6c

(=]

o

95% CL Limit on o/og,,
-

T L
CMS Prelimi
JE=7+$ILTLI_1:?+ 125 VH —> Vbb

VH(bb), combined
—a— CL, Observed

95% CL limit on GIGSM
7+ ]
0

3.0F i

2_5 ;_ Very mild excess ...... :
'E_—"“'-__-

1.5

- -4+ CL 125 Signal Injscted
e CL, Expected ~
- CLs Expecied = 10 a
: t!:Li Expecled = 2 & :
3f : .
- mild excess i
2
1 :‘ ---------------------- :
-l 0 1 e 1y e e ol g a  H
110 115 120 125 130 135

LF Including VH

Higgs boson mass [GeV)

CMS, Preliminary, H— 11, L =17 fb™
— T T T 1 T T T T I T T T T I
F —e— observed
F expected
F [ + 1o expected
E [ | + 25 expected

C. Paus
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CMS Update at HCP

CMS Preliminary (s=7TeV,L=51f" {s=8TeV,L=1221" Vs=7TeV,.L= 5.1fc' ¥s=8TeV,L=12.2f"

Slide from C. Paus

1 . SR e
3 10—1_ " o — __‘:’Lr_—’%é% CMS Preliminary m, =125.8 GeV
g \_30‘
o 4c
8 =56
| ]
10_9 166 H— 1t .
. . 176 Hoyy =
10‘13 —| == Combined obs. %, —
=== Exp. for SM H '.
_[— H—bb =86 H_s WW —a—
— T .
10-1?__—H—}W ‘4‘_‘ —
§ 3 H s 722 —1—
11 [ 10 11 | 1 | A W 11 11 1]
110 115 120 125 130 135 140 145 Y- R - S—
m (GeV) Best fit U!GSM

Overall significance and signal strength
— observed: 6.9; expected: 7.8 [ signal strength: 0.88 £ 0.21 ]

m,=125.8 + 0.4(stat) + 0.4 (syst) GeV
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Standard Model Tests

25



tt-Production ...

T. Miiller, ICHEP2012

-8_ — © ATLAS combined 7 TeV (0.7 — 1.1 fb-1)
S L ® CMS combined 7 TeV (1.1 fb )
g = CMS combined 8 TeV (2.8 fb'1)
o - o CDF
o DO
10% |-
S Approx. NNLO QCD (pp)
”'4;' 4 Scale uncertainty
10— ‘ I Scale ® PDF uncertainty
- 1 o s Approx. NNLO QCD (pp)
E gﬂ y / Scale uncertainty
T/ // B Scale @ PDF uncertainty
§ 4 Langenfeld, Moch, Uwer, Phys. Rev, D80 (2009) 054009
| : { MSTW 2008 NNLO PDF, 90% C.L. uncertainty
l‘;t‘ll""llllllllllllll]lIlllllllllllllllll

1 2 3 4 5 6 7 8 9
\s (TeV)

CMS 2.8/fb (Comb. Lept+jets & di-lept)

o = 227 £ 3 (stat.) £ 11 (syst.) £ 10 (lumi) pb

ATLAS 5.8/ib (Lepttjets)
o =241 £ 2 (stat.) £ 31 (syst.) £9 (lumi.) pb

gy

N MET jet jet
brjet é _ et
%/r o bt b=

v
en jet jet
dileptons lepton + jets all hadronic

... top mass

LHC m,,, combination - June 2012, L =35pb”-4.91b"
ATLAS + CMS Preliminary\Ns = 7 TeV

ATLAS 2010, l+jets
E 1 .

e 169.3£4.0+49

=35k F, UE sysi)
ATLAS 2011, l+jets
ATLAS 2011, all jets

CMS 2010, di-lepton
5 pi! F ayat

1745+ 0.6+ 2.3
1749121+ 3.9
& 175.5£4.6£ 4.6

0 e ——i—t 1731+ 2.1+ 2.7
C_"':"f“'_??_f,‘ S ——— 173.3+1.2+2.7
(:.r-.,'-1.<~‘. r>u._“.1|1 'I:lr.?tg—.,--__ R 1726404+ 15
LHC June 2012 - = 173.3+£05+1.3
Tevatron July 2011 L 173.2106x0.8

| | | | + {stal‘l.}t (syst.)
150 160 170 180 190
l m,,, [GeV]
Top Mass (GeV)
Tevatron | 173.2 +£ 0.6 + 0.8

LHC

173.3 4+ 0.5+ 1.3
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more on tt production

Top-quark polarization: @
t, o ) . &
/ or ;/If;* ~
- - W f t
L~ - 7 7 1
W polarization:
Fo FL
ATLAS | 0.66+0.06 +0.07 0.33 +0.03 +0.03
CMS | 0.567 £0.074 +0.047 | 0.393 +0.045 +0.029
Spin correlation in tt:
A N(1T) +N(4) =N = N(H)
N(TT) + N +N{T) + N(T)
Correlation of lepton angles ¢

- - ~Data  :
4000F ATLAS Preliminary Fit ]
3500F IL dt=466M" - ap= ]

g 15=7 Tev — ap=+1
SUDU:_ _ﬂ-_p=-‘] E
2500;— —;
2000F =
1500f -

500k S =0.470+0.009(stat)”y 0fﬂ(syst)z

ComPatlbIe with 1’QM =0. 5 L .

Q1 -0.8-0.6-0.4- 02 D 02040508 1
cos(0,)
CMS Preliminary, 5.0 o' at Vs =7 TeV
2000
soE A = 0.24 + 0.02(stat) + 0.08(syst) -
600 [T
1400
1200
1000
S[th]:— S Data
- —— Fit

6OOE=""" e Backg. + ff without cormelation
400 - Backg. + ff with correlation

E Background
200

T ‘25 s T T T T T s
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B Physics — New States

e Xbp — T (15,25)y —

/0

% - ATLAS -
= sn; JLdt =44 7
% é 'r'. * Data g
% 5:]:_ Unconverted Photons f _ 21 _:
3 40 } "i 1o(3P) 3
P ¥ . E‘E 3[]-_ H‘ [ \ '.-- —-..
=", discovery z mo b S
- 5 20f ] } } * { {‘ ]
- CMS =, data C |3 R h{( -*H .
- pp, Vs=7TeV | —s— Opposits-aign px, 10 M ir:
- L=5.3 1" O Sams-ign pr F L1 ..3’41-".'-..}|.'..| ..|...|..'.¥
:_ ] 0 9.6 9.8 10.0 10.2 10.4 10.6 10.8
3 ;' e My - M) « m - [GeV]
- |
E a F T T T T
r & 30
N > I
_ Ll[,éﬁ % 2 -0 -E— ” A b —> Ab TTT 3
q: S - §
E q] E 5 15F A% ”l t
< » H
6 58 61 2 10b | o A4
M{JhpE'} [GeV] E - , || el
O S5F | % :_‘_ulnu Bl y {
A i el 2 .. :

5900 5010 5920 5930 5940 5950
M(A)T'T) (MeV/c?) 28



B physics — CP Violation

Time-dependent CPV in Bi—J/y¢ CP violation in B* — DK* : Angle y
— Q477 \""l""i | T T
L1 Do gfb’ ]
0 oF  to” LHCb =
] LHCb 03fb Preliuinary ~ —
] LHCB 1! 1fbl =
— 68%CL 3
=== 958 CL ]
+16.1 |, 3
U Ty A
pest AL e, o
-0.15L %3630 60 80 100 120 140 160 |is0
Y [°]
LHCb:  ¢s=-0.001+0.101 + 0.027 rad Comparable w/ individual results
ATLAS: ¢.= 0.22 + 0.41 + 0.10 rad from BABAR/BELLE w/ only 1 /fb

CMS: AT, = 0.048 +0.024 + 0.003 (ps~ ")
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CP Violation in Mixing

—> B RO __. 0.02 ———
B’ B B BO g | DO dimuon,
l l 9.0 fb!
u X P ut X - S
’ |
" _r(|§q° — 1" X)-T(B; > u X) DO Dsy, 5.0 fby

"B > X)+T(BY 5> X)L _‘

- : Y(4S),
LHCb measurement consistent HFAG 5

with Standard Model
|

004 002 0 10&02
ag)
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E S J @\\\(\ BDT>07 3

= 10 -
i E% g bl &Q(€>> (:LS-RAGUWOdZ E
w 2 THN e P-value: 5x10* :

5 60 % 3.5 -

:'S A \(\6( ﬁ \ 90 i

T 4B A -

3 NN :

) 1-..‘”‘ s-+ 'y 1 L :
m - === :-‘_‘4 __ : -
|-.-. |||‘:|‘-‘l';l;‘l“-'l II.I"'. ) I -_-

SM: BR = (3.54 + 0.30) x10°

| o
5000 5500 6000
m. - IMeV/c?2

‘ BR(B. — ') = (3.2"%)x10~

CMS: < 7.7 x10° (95% CL)

ATLAS: < 22 x10° (95% CL)

Also very nice:
LHCb: BR(K; = pp) <9 (11) x 10° @ 90 (95)% CL (35 times improved limit)
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New Physics Searches
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SUSY Searches

“Classical’ inclusive searches:

« Jets + Missing transverse energy (MET)
* Leptons + Jets + MET

No excess seen — Model dependent limits

5jets + MET 1t + Jets + MET

= T T T = L e A B B e B
5 ‘2”"4”"‘ iy T{'— dt = 5.5 _ L yp Ir ATLAS F’rellmmary P 4
o A0 - 5 jots . alazﬂl"n:\s & Tev] O - i sl 3
= EM Tols = = == hning 3
T = A 5"-" 600.400.0.10}_ i) B Ldt=47f" \s=7TeV Do -
o Mull|||:l - — . T =
£ & slngle top i [ L
? W jels = 10 = ] Dl e ==
& [ PO iE] = GMSH BiTaW =
M Diboson - = ) f=d0 =
(uN} [ NS wTalt ]
10 — | [ N
i 1 =
: - - 10" = ig
1= r_._._._._l_._._._._ ._ X : : Fa
U Q
g e = 2E
;E 1.5: l:ﬁ :@ b | SIEEm— R, B SRR TN T T
= m E
'-‘Df -:u.? O E
] Ro0 VOO0 TEON S000  S00  SO000 3540 4000 1] 200 400 &0 800 1000 1200

m,[incd.) [GeV) H; [GEU] 33



5‘3‘][“] II_"I I:'l T T T T T T | T T T I T T T ]
& { — Clpserved limit {16527
§25DE] ATLAS 1 ——— Expected Imit (+15,.,) ]
E Prefiminary [ Theorstically exchuded ]
@ i [ |stauLsp ]
& 2000 ILdt:{:u.B ', f==8 TeV ", . ]
w *, -

O-epton combined -

1500

1000

200

Model dependent limits

MSUGRA/CMSSM

MSUGRACMSSEM: tanfi= 10, PLD= 0, p=0

A p=0

00, Run 1L, 4

200

400

600 &00 10000 1200 1400 1600 1800

gluino mass [GeV]

Constraints apply only to first generation:

— sbottom and stop unconstrained.

“Natural” SUSY: light stop/sbottom
— requires exclusive searches

GMSB: Myg25=250 TeV, No=3, 450, Cyy=1

ATLAS Preliminary

[dt=4.7 fb', f5=7 TeV

j (1400 GeV

50

GMSB

L= o
o 1o

g (2000
llllllll-l

o

40

30

L
— Obzervod 95% CL limit (21 n:":"‘)

Expacted limit {t10,,)

S— 2 0507 2T ATLAS 95% CL limit

B oraLsscLiy

OPALB5% CL(11,)

20 3
J:‘.‘, /

tan(B) > 45
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Exclusive SUSY Searches

i, production: T, - beg,, 7 W''4g" (BR=1, m, <200 Gev); T, a1+-£ (BR=1, m, > 200 GeV)
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So far, no excess seen either. 0
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Z’'SSM I

Z’ SSM tau tau
Z’, ttbar, hadronic, width=1.2%
Z’, dijet

Z’, ttbar, lep+jet, width=1.2%
Z’SSM |l (fbb=0.2)

G, dijet

G, ttbar, hadronic

G jet+MET k/M = 0.2

G yy k/M = 0.1

G, Z(I)Z(qq), k/M=0.1

W’ Iv

W’ dijet

W’ — td

W’—= WZ(leptonic)

WR’ — tb

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV

String Resonances (qg)

s8 Resonance (gQ)

s8 Resonance (gg/bb), fbb=1
E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

q* (qg), dijet
q* QW)

q* @2

q*, dijet pair
q*, boosted Z
e, N=2TeV
p*, A=2TeV

b’ = tW, (3l, 2I) + b-jet

q’, b’/t’ degenerate, Vtb=1
b’ = tW, l+jets

B’ = bZ (100%)

T = 1Z (100%)

' = bW (100%), |+jets

t’ = bW (100%), I+

gluino, Stopped Gluino

~———

— stop, HSCP
—_— stop, Stopped Gluino
—_— stau, HSCP, GMSB
— : : hyper-K, hyper-p=1.2 TeV
— fractional charge, q=2/3e
— ! l l fractional charge, q=1/3e
r‘

—T—"

- CMS

—

) 95% C LQ2, B=0.5
—— LQ2, B=1.0

LQ3, (btau) p=1.0
stop (btau)

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR

Contact
Interactions

C.l., dimuon, destructve LLIM
C.l., dimuon, constructive LLIM

I, single lepton (HNCM)

MBH, rotating, MD=3TeV, nED = 2, BlackMax
MBH, non-rot, MD=3TeV, nED = 2, BlackMax
MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax
MBH, boil. remn., MD=3TeV, nED = 2, Charybdis
MBH, stable remn., MD=3TeV, nED = 2, Charybdis
MBH, Quantum BH, MD=3TeV, nED = 2



Search for W’, Z’, t’

)
W' —>puv

:q>} 10"E- " cms 2012 Preliminary | I-Inullwl.sml AL i

9 = 1
O 10 jl_dt 3.67 fb B DY -y
ﬁ 10° s =8 TeV -

Fi "
; 106 W= v B 1 +single top
e 10 B acp
0 10° =Wy
L 10 * Data

o — W = uv M=1.3 TeV
— W' - uv M=2.3 TeV

200 1000 1500 2000

M; [GeV]

M(W’) > 2.85 TeV
Similar: M(Z’) > 2.59 TeV

Events / 150 GeV

M2
%]

S

10

t t production

L 5= TeV

% 20

ATLAS Preliminary

—$— Data

b ==t {500) 505 Wh 50% tH

A'IDDEDDEW

1000 1200
Mieco [GEV]

t’ masses < 656 GeV excluded
(assuming BR(t'—>Wb)=100%)
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Exotica — Dark matter searches

Mono-jet / mono-photon + miss ET:

ISR used to tag invisible DM pair
Limits on effective contact interaction
scale turned into limits on &,

-31
L | 1[:] T T IIIIIII T T IIIIIII IIIII T T T T ITTT
= —— CMS MonodJet CMS
L, 1038 =+ CMS MonoPhoton E=7TeV
c — CDF 2012 ;
2 s E - XENON-100 J'— dt=5.0
g 10 CoGeNT 2011
W CDOMSII 2041
% 10%7 ___,f-'f
E -
S 0%
=
% 41
S 10
E

T10* _
= a) Spin Independent
1{]-45 L1l Ll Lol L1
10 1 10 10° 10°
M, [GeV/c?]

%-Nucleon Cross Section [cn¥]

=
=
da

T T IIIIIII T IIIII T T T T TTT17T
—=— CMS MonoJet CMS

103 =+ CMS MonoPhoton B=T7TeV
— CDF 2012

SIMPLE 2010 jL dt=5.01fb"
103 COMSII 2011

==+ COUPP 2011

a7 = Super-KWW

10 === lceCube WW
10

104

43 .
1{]-45 Ll Lol Lol L1
107 1 10 10° 107
M, [GeV/cT

Complementary to direct detection experiments
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LHC Time-line

2009 Start of LHC

R. Heuer ICHEP 2012

Run 1: 7 and 8 TeV centre of mass energy, luminosity
ramping up to few 103 cm s, few fb! delivered

LHC shut-down to prepare machine for design
2013/14  gnergy and nominal luminosity « LS1

Run 2: Ramp up luminosity to nominal (103* cm2 s%), Phase | Upgrades:
~50 to 100 fb Prepare detectors for
2018 Injector and LHC Phase-I upgrades to go to ultimate luminosity | Ncreased luminosity

Run 3: Ramp up luminosity to 2.2 x nominal, reaching ~100 fb* /
year accumulate few hundred fb?

~2022 Phase-II: High-luminosity LHC. New focussing magnets and Phase Il Upgrades
CRAB cavities for very high luminosity with levelling R&D starts now
S ——
Run 4: Collect data until > 3000 fb-? 1

2030



INn-Situ Activities in Shutdown LS1

Completion, Maintenance & Consolidation

Complete muon coverage (ME4)
Improve muon operation (ME1),
Relocation of DT electronics (AC)
Replace HCAL photo-detectors (DESY)

Installation of new pixel layer ILB

(BN, SI,W, DO, GO, MPI, HD-ZITI)

New Be+Alu beam-pipe

Pxel services, cooling plant

L1 Calo, FastTracKer,Topo Trigger (MZ,HD)
Complete endcap extension muon chamb.
Consolidation of calorimeter power supplies
Upgrade magnet cryogenics

Maintenance
Prepare infrastructure for Upgrade
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ATLAS Insertable Layer B C.Goessling

gnde ?'0\3

.uge Beitrage deutscher Gruppen :
Berlin / DESY:

» opt.Fasern
* Teststrahl
Bonn:
« FE-14, FE- und Modultestsysteme
« Bump-Bonding, Modul-Entwicklung
* Teststrahl
* Serial-Powering-Konzept

Dortmund:
I\ NS + planare Sensoren, slim edges,
B St « Strahlungsharte Sensoren, Teststrahl
Gottingen: Wuppertal:
+ FE- und Modultestsysteme  Stave- Entwicklung, Mechanik-Entwicklung
« DAQ-Software + Modul-Placement
e Teststrahl « Off-Detektor-Elektronik, DCS- System
: Wupp.+Heidelberg:
Siegen: .
« optical links * Optolink, BOC
» optochip

Miinchen (MPI):

* Design und Produktion planarer Sensoren 42




ATLAS Phase | - Projects

New small muon wheel: [IATLAS Forward Physics:

L o Gl, W
Thin Gap Chamber '15 W
MicroMegas L b

FR, LMU, Wii: Test Beams Detect protons at +210m:
3D Silicon as tracker

oa Calorimeter Trigger DD’ HD HD’ MZ
- mm ::“:u L1Topo 4.:;:"“'1“‘““r . . .
= U/ H _1: Ig Calorimeter Trigger: Central Trigger:

BEREY [— « improved MCM - Topological trigger

nMCM ‘éﬂam . . . [ ]

m < ‘ ‘ N;E:::::i;mlmm ° Increase granularlty FaSTraCKer (after Ll
A';amue ERecre :Ic: Phase[shu‘ttlnwn . .

==  signal processing at FE

43
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CMS Phase | - Projects

Current
3 barrel layers

searce PIXEI detector

4 barrel layers

 Less material

* new readout chip

« extra layer,

* Dbetter radial distribution

Ready to install by end of 2016 |

4™ |layer in D: AC-IB, KIT, DESY, HH

L1-Trigger upgrade

uTCA standard
¢ iImprove muon, calo
and gobal trigger

[B. Lutz, CALOR2012]

HCAL

New photon-detectors: SiPMs
— highly segmented readout

Start replacement in LS1

DESY

Muon detector

Relocation of DT

readout& trigger electron.

Starts already in LS1

AC IlIA
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LHCDb - Upgrade

Upgrade concept:

* Increase luminosity up to 2x1033
» Readout every event:

— new 40 MHz readout electronics

New Photon
Detectors

» HLT software trigger

New Vertex
Detector New Tracking

System

Central Tracker
(0.25 mm fibers)

N
SN/

Central Tracker
(0.25 mm fibers)

Scintillating Fiber Tracker

2.5 m long fibers, 0.25 mm diameter
Readout w/ SiPMs

German participation: DO, HD
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Preparation of High-Lumi Phase (ll)

After 2022: L >5x10%* (lumi leveling)

Pile-up > ~100

« Extreme multiplicities, too high for current trackers

» Detectors will have collected >300 1/fb (design goal) and
suffer radiation damages (inner detectors).

— Replacement of inner tracking detectors
— Replacement of forward detectors
— Replacement of electronics

— New trigger concepts: precise timing!

German participation:

R&D Program:

* New detector
concepts

* New electronics

* New algorithms

Huge effort

CMS: Tracker R&D within Central European Consortium
ATLAS: R&D for Pixel & Si Strips, calorimeter electronics

LHCDb: running with phase | detector
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Conclusion

« LHC is a fantastic physics factory ... o ¢

» The discovery of the new boson is a triumph of
our field, possible only because of long-term
International effort.

* Higher LHC energy and more luminosity will
open further windows for new measurements and
discoveries: Need to prepare now!

German groups play a very important and visible role
In the detector operation and in the analysis. But

« Operation of detectors (a must)
* Necessary upgrade work (a must for future)
leave less and less resources for data analysis.
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Additional Material
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LI m ItS O n B* J.Wenninger, LHCb-Week

Status — LHCb week (Davos)

In the high luminosity IRs, the triplet quadrupoles define the machine
aperture limit for squeezed beams, * is constrained by:

o the beam envelope,

O, .
> a margin TCT to triplet , triplet

o the crossing angle — separation

| Beam 1 - 35Te\.ir emluance 2$uﬁ| |

of the beams at the parasitic EOET
2 1600 [
encounters. 1400 F
1200 -
TCT Triplet Triplet TCT 1000 |-
f 800 [
; ' 21050 600 F
9G : R N 400 -
r'v’. - -\‘ ‘. ™. 3 200
______ b ’\\ A AN I ,/‘._I— 3 %00 300 -200 100 0 100 200 300 400
. o ’ ~8 mm ) ) ) )
> N, Distance to IR1/5 (m)
TCT H H TCT=Tertiary Collimator
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25 Ns running

- 25 ns beams suffer from severe electron cloud effects
(— vacuum rise & beam instabilities)

h N lib Bunch N+1 accelerates the e-, Bunch N+2 accelerates the e-,
Bunch N liberates an e- multiplication at impact more multiplication...
\ i '//'/ /N‘\\
WYY e i PN e
— > =i --> ol
N N+1 N+2

25 ns tests before end of running:

- Needs conditioning = “scrubbing runs”

- To study: e-cloud, heating, beam-beam related instabilities, UFOs
- Compare 25 ns and 50 ns w/ B* leveling to 38 PU events
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Production of electroweak Bosons
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Standard Model works extremely well.
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Higgs Constraints

F. Lopez de 3a, Morond QCD 2012

% - [ Not excluded at 95% CL.
Eﬂu'dﬁ; ... My, prior to Feb/2012, m, Tevatron
EBU-ME — M, new world average, m, Tevatrmﬂ
£80.42
g Eu"';_ by aﬁrgﬂai :

80.38

80361

80341

80.32"

BD.BZ' :

155 170 175 180 185 190
Top quark mass (GeV)
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tt Events as Calibration Signal

.-'ﬂ 2_ T L T 1 T T T L T T T T T T T T
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. . o 14F Vs=7TeV =
b-tagqging efficiency: S L E
g :
. 11— 3
Count # b-tags in tt events < - =
— much reduced systematics T e n
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Detour: Charm Physics

DO - D% mixing

DO %10
D*+ — DO 1t Mmix e T AR ]
t e+ Data ]
0 6.5 e
~— D © — Mixing fit _
.Lv E'f —-No-mixing fit [ - E
. 10210 5.5F — -
IR s + p _f
z::é: e : P
04F ” 3 E --.:ﬁ%ﬂ..._..-.._.....- R ]
02f .H, 21 4.'__ -
0L 10— 03 2015 202 F/ .
2008 2o M(D %+ 015[(} v/ 1]0,‘ N M(DO;;') [GCV/CEj i 35 :é% LHCh _:
Nws(t) ' 1 2 Bl ey
) = = Rp+V1Ipy — o lJ (—) 0 2 4 6 20
A"Hb' (It) T T
J
CP violation in D° decays
AAcp = Acp(K'KY) = Acp(nn™)
1st evidence (3.5c) for CPV.
=- + + 0
larger than expected AAcp =[-0.82+ 02155 £ 0.115y | %
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Heavy lon Physics
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