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LHC Prospects
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Primary task:

Repair magnet

Interconnects

to allow nominal
currents in LHC
dipole magnets

Consolidating
all of the 10170
13KA splices

Need to redoing
30% of all

busbar from left 5.c. cables flat copper profile  busbar from right i
|
|

=_——

Interconnects

comp lete Iy - %, > N Ui conact between - Ushaped cope bad contact between

(expeCted to -‘ ' :"‘:} *‘\ A\ Fnﬁ?cac:niﬁtiun copper profe ffzggh;i; see text)
redo only 15%) P e : .

Large consolidation program for the rest of the LHC
and the injector complex in shadow of interconnect repairs



Interconnect Consolidation

Shunts to be installed on every interconnect
7

i "';;an e SR

s .»a:;)ﬂ)&\a\\n;‘(\‘\\.\\\\?ﬂ ’ SRR

s




Interconnect Consolidation

More than 40% done with interconnects

SMACC

Superconducting Magnets and Circuits Consolidation

—Baseline

—Completed

Forecast

Updated 31-Oct-2013



http://www.youtube.com/watch?v=bgpCMlz3Pq8

On schedule for first beams in January 2015

LHC LS1 Schedule Status
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http://cern.ch/ls1dashboard

13 TeV Operation



http://cern.ch/ls1dashboard

Beam Conditions in 2012 et

25 ns
(design)

Energy per beam [TeV]

Intensity per bunch [x10"] 1.15 1.2
Norm. Emittance H&V [um] 3.75 ® 2.7
Number of bunches 2808 1380 N.A.#
B* [m] 0.55 0.6 N.A.#
Peak luminosity [cm2s] 1x10%% 7.7 %1033 N.A.#

# The 25 ns was only used for scrubbing and tests in 2012



Beam Conditions in 20157

Batch Compression and

CoIIision_ energy _ Merging and splitting (BCMS)
» 13 TeV initially, limited by time for | \!

magnet training quenches
» To be raised later depending
on experience during 2015

Bunch spacing

» 25 ns to minimize event pileup

9 New injector beam production scheme
(BCMS) resulting in brighter beams

» 50 ns kept as backup scenario

. . Courtesy of the LIU-PS project team
Luminosity

o Lower 3* to <0.5m

» Expected maximum luminosity ~1.6 x 10°* cm™?s™ +20%
Limited by inner triplet heat load from collision debris



Potential LHC Performance 2015- ©

Four main scenarios considered for 2015

Number Collimat Peak Lumi
of or [cm-2s-1]
bunches scenario

3.5

25 ns 2760 1.15 S1 (2.8) 9.2e33 21 24
25 ns 1.9
low emit 2508 1.15 S4 (1.4) 1.6e34 43 42
23 1.7e34 76
50 ns 1380 1.6 S1 ' levelling  levelling ~45*

(1.7) " 09e34 40

0ns — 4o60 16 S4 1.6 55634 108
low emit (1.2)

All numbers approximate
*6.5 TeV

* different operational model — caveat - unproven

* 1.1 ns bunch length
«150 days proton physics, HF = 0.2 (effective avg. lumi=20% peak lumi)




Jan

2015 Startup Scenario

Re-commissioning

Feb

with beam

5

10

11

12

13

28

12

9

-
m

23

HW tests & machine

checkout

Scrubbing

Apr

Scrubbing

June

15

16

17

19

20

21

22

23

24

25

26

]

30

20

25

-
n

22

T51

T52

| mo |




2015 Startup Scenario

Re-commissioning

Jan Feb Wi beam Mar
Wk 1 2 3 4 5 6 | 7 8 | 9 | 10 | 11 12 13
Mo 29 12 19 26 | | . | . | . g 23
o * Beam recommissioning
= at low intensity
Th HW tests & machine -
e First stable beams for
= physics at the end

| | | |
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2015 Startup Scenario

Re-commissioning

Jan Feb Wi beam Mar
Wk 1 2 3 4 5 6 | 7 8 | 9 10 | 11 12 13
Mo 29 12 19 26 | ‘l . . g 23
o * Beam recommissioning
= o at low intensity
Fr First stable beams for
= physics at the end
Su | | | |

erebing Primarily for S~

recommISS|0n|ng
Apr May June

Wk 14l 15 16 17 | 18 19¥ | 2 21 22 23 24 25 26
Mo 30 | v 25 o,
n | @ Intensity ramp-up | &
18w with 50 ns beams -8 ]
15 Suaper WA
:z ¢H-O @ | ea | =V. T( c|m S ¢H-O




2015 Startup Scenario

Re-commissioning
with beam

Jan Feb Mar
Wk 1 2 3 4 5 6 I 7 8 I =] I 10 I 11 12 13
Mo 70 12 19 26 . . . g 16 23
o * Beam recommissioning
= . at low intensity
o First stable beams for
= physics at the end
erebing Primarily for S~
recomm|SS|on|ng
Apr May June
Wk 14l 15 16 17 ! 18 19¥| 20 21 22 , 23 , 24 , 25 , 26 I
Mo 30 v 75 1 ] 15 72
Tu g’ IntenSIty ramp-up € 25 ns beam ramp-up
18w with 50 ns beams -2 Limited #bunches
]l 23 Expect L~1 fb"' |2Q L~0.5 fb'/week?
sa | el 5 _ Peak L=0.9x10*cm2s' |2 5 Peak L=0.4x10*cm2s"!
¢H-L o1 | N




Could have 15-30 fb"’

Remaining 2015

Continue ramp-up of #bunches over 16 more weeks of p+p

by end of 2015
Aug

July Sep
Wk 27 28 29 30 31 32 33 34 35 36 37 38 39
Mo 29 20 27 17 24 | 14 21
Tu g
w o
We Floating MD % E | = |
[48 h] € o
Th < 'En
o=
w -
Fl‘ % _%
Sa =
Su
End physics
[os:00]
Oct Nov Dec |
Wk 40 41 42 43 44 45 46 47 438 49 50 l 51 52
Mo 28 19 26 16 23 30 7 14 21
Tu T Xmas
8
Th . E
e Running ~
Sa
Su

Technical Stop

Recommissoning with heam

Machine development

Special physics runs (indicative - schedule to be established)



LHC Luminosity Limitations

Electron cloud =
» Much worse at 25 compared to 50 ns ~ «==
» Scrubbing will help suppress

Secondary electron yleld A B ) Typical e- densities 10701012 -2

> Will limit length of bunch trains

I 130mv

“UFOs” (Unidentified Falling Objects)
» Caused 20 dumps in 2012, but
many below-threshold mini-UFOs
> Improvement with time seen, but
concern for higher beam-energy

S0us

==Run 2011

=—=Run 2012

Radiation to electronics ‘
» Single-event upsets causing beam dumps :
» Being mitigated with relocation or shielding

w—ffter LS1
(Target)

~250 hours
Downtime

—a kot
nS
P‘?; Aul ls:

3
£

SEE Induced LHC Dumps

10 20 30 H
Annual Cummulated Luminosity



Luminosity [em2s]

Luminosity Projection for Run 2+3 w

® Peak luminosity ~Integrated luminosity
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Run 2 Experimental
Challenges
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» Readout limitations, =
particularly in the trackers  FESERCEENS S

» Performance degradation N =

» Processing time SRR

» Trigger rates i 3 ¢ 3
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Readout Limitations

Pileup impact on trackers Pixel |neff|C|ency VSJ occupancy

» Pixel detectors starts to lose hits i

as occupancy increases,

degrading performance j

» ATLAS also have bandwidth o

limitations in readout of detectors “
— being mitigated with additional
readout links during shutdown

.Tracklng efﬂmency and fake rates Tmmomem e hits/DGIBE

NE Dblhllff'
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4th ATLAS Pixel Layer (IBL)

o New pixel layer around smaller
beampipe (r=3.3cm) being
installed in ATLAS during LS1

o Improves impact resolution
and vertexing considerably,
compensating for performance
loss from high pileup

Vertexmg resolution in z . og’) tagglng rejection power
E D Og T T | T TTT l| | | | T ||__ g BL IT ksel | ATLAS
E} ATLAS * * Nominal . % 900:_ —1:— :BL ;i[l)tranl:gé'irrazicSelec?;:hnD E
(L 0.08: 3 = 800:_ ————— VA ATLAS nominal Track Selection A
qc_:' 0 07' . s |BL . g T ATLAS pileup Track Selection
o - w/0 BS constraint = < 700F -
& 006F . . = Seoo-  * :
- . F o (27.320.2)um RMS: 34.2 um . o 600;— IP3D+SV1 E
® 0.05F = (77:01)um RMS: 23.7 um 2 gook E
T F N
£ 0.04F @ 400F -
o - = - ]
Z 0.03F < 300 —
- S - ]
0.02 < 2000 =
£ 100-
- ot ]

-%.2 -0.15-0.1-0.05 0 0.05 0.1 0.15 0.2

Z s Zirye [MM] Number of pileup interactions



» CMS constructing new 4-layer

New CMS Pixel Detector

pixel detector

> Higher occupancy capabillity,
lower material and closer to

beam for better impact resolution

» Can handle higher pileup and

radiation levels
» Ready for installation by end of 2016
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with various pileup suppression

More on Performance vs Pileup

> Pileup degrades calorimeter
performance as well

» Particularly affects
low-p_ jets and missing E.

» Can largely compensate

methods
— relies mostly on tracking

Data/MC

15

10

1.1E

0.9f

MET Resolution in Z — pp vs #vix

CMS Prellmlnary 2012
T T l

12.2 fb" at (s = 8 TeV
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Triggering in 2015

ATLAS Trlgger Operatlons (Aug 24 2012)

Challenge for trigger in 2015 g AR
» Background rates typically increase by 5 | g ]
factor 2-3 due to increase in Vs T [ v ,
» Rates increase linearly with luminosity - WXE40 . .
or worse due to pileup L M'E#E? SR
» Higher (35%) fake muon rate in ATLAS | 99—
when running with 25ns bunch spacing _f %
— due to out-of-time low-p_. protons ; :
» HLT processing time increases b= -
with pileup as well 3 4 P Lumibosity (100 om s
Real W/Z leptons (arXiv:1006.3766) Bandwidth will be ||m|t|ng
Winclusive 200 Hz o Will need to prioritize physics
W w/ lepton 80Hz & Even keeping all EW leptons
;7 ir?cl?.nlsf’i\?end pr > 30 GeV) o 1 expensive in bandwidth
Z w/ lepton 8 Hy » Both experiments targeting
1kHz averge trigger rate

(both lepton n < 2.5 and pr > 20 GeV)
Real leptons per flavor ~ 100 Hz at 1e34

» Challenging for offline
computing (CPU & storage)



Some Possible Triggers in 2015

2015 trigger menus

» Actual trigger selection for Run 2 still being developed

» Example triggers relevant for SUSY under
consideration (at least by ATLAS)

» These will of course change during the next year
based on feedback from physics groups

Trigger 2012 Threshold 2015 Threshold?

Single muon 24 GeV 25 GeV Note offline

Single electron 24 GeV 28 GeV thresholds
lepton+MET 24,40 GeV 24,60 GeV are 1-3 GeV
Di-muon 2x13 or 18+8 GeV 2x14 or 20+8 GeV higher for leptons
Di-electron 2x14 GeV 2x17 GeV and 50-70 GeV
Tri-muon 3x4 or 18+2x4 GeV  3x6 or 20+2x4 GeV higher for MET
Single jet 360 GeV 450 GeV

Multi jet ox55 GeV 6x50 GeV w. |n|<2.5

MET 80 GeV 100 GeV



ATLAS Trigger Evolution

New L1 features installed in LS1 QM‘

v Increase in peak L1 rate to 100 kHz New
» Topological trigger to select L< =

on combined L1 quantities . e | New

HCAL FIe proceoor Jets, TE; ffymiss
(Opening angle’ maSS, . ) (analogue) TO:ODS 1 sz:;::" | )
+To RO

% Additional coincidence requirement
in endcap to reduce fake muon rate
(using inner muon chamber and outer hadronic calorimeter)

Efficiency of muon-tilecal coincidence ZH, H—bb topological selection
> L e L c ~1000f
§ TTe—e —o o o .—f -5 o _ 1 % o 9005_ [ | MinBias_mus1 mc1214Tev ATLAS Preliminary
k2 " Data 2012,\/s= 8 TeV e 0] § 2 "k ZH125_nunubb me128TeV  Simulation
w 08— -= Muon : offline (50ns) —0.8 5 u}) 8002_
I —-e— Muon : offline+smearing (50ns) ] o o 700:_
B - L1_MU : offline (25ns) i o =
0.6—" -= L1_MU : offline+smearing (25ns) —0.6 600
S -+ Background : offline+smearing (25ns) =
i ] 500
0.4_— —_0.4 4003_
- i 300F-
0.2 N ATLAS Preliminary —0.2 2005_
| B—a o —:I—[I-;E—H:—!——.__.i - i §
0_ [ T R R B T T T---I---.'I‘--I-7+_ [ S e S 1 _0 1005_
200 400 600 800 1000 o) =70 = I I T A=
TileCal (D5+D6) Cell Threshold [MeV] 0 05 1 15 2 25 38 35 4 45 5

min dR(L1 central jets)

Will need some time for commissioning, but
expected to be available for most of 2015 run



CMS Trigger Upgrade

COmplete upgrade of L1 Calorimeter Trigger Muon Trigger
» Modern FPGAs everywhere e (ot ] (o
» Allowing advanced algorithms
for pileup mitigation, isolation /
and topological selections - (i Y e )
> In parallel with legacy system
in 2015 for commissioning (
» Ready for physics in 2016

HT trlgger rate Average Fileup @

Calo Tngger Layer 2

'ﬁ" [T | | T | TT | rTTT | T el.c: T | T T TT | T |3|5|_ Leve' 1 Trigger Upgrade
L - ]
% 14— CMS 2012 Vs =8 TeV
g -
12— —+— Current L1 a c £
B —$— Upgrade L1 . % %
100~ . . + ] > Y
- -—- Linear Extrapolation - w o
N - 5 0
sl + - 8 3
C 44 ] = =
. 3 b ) -
6 4 . = | o o
n . T e o p ©
- e e D e ++ 3 o | =z, | B
u et
2F8= . Optical splitting for parallel
D:| | 11 11 | | | | | I | | | | | | | | 1 11 1 | | I | | 11 11 | 111 |: CommiSSiDning’ CalorimEter trigger

3000 3500 4000 4500 5000 5500 6000 6500 7000 7500
Instantaneous Luminosity [10°%cm2s-1]



Detector Consolidation

Also extensive consolidation effort for both ATLAS and CMS
» New pixel+SCT cooling system © Cold (-20°C) tracker

o New pixel service panels to reduce radiation damage
g() Recovers bad channels and % New photo-detectors in parts ¢)
—i adds additional bandwidth of HCAL to reduce beam- <
':: o New calorimeter background and for B-field
power-supplies operation
(less trips, lower noise) » Completion of muon endcap

ME1/1 ad ME4/2 consolldatlon durlng LSl

% Magnet cryogenics

» Extra muon chambers at
1<n<1.3 7 S
Completes o hnei T |
muon :
system

Will test Careful y durmg shutdown but WI|| requwe
beam-time for commissioning as well
Example: ATLAS toroid-off data for muon alignment



(Early) Physics
Opportunities in 2015



Projecting to 2015, 13 TeV

Physics reach, largely driven by increase in partonic luminosities
Backgrounds will increase as well, though

100 ¢ - :

WJS2013

L ratios of LHC pa

luminosity ratio
o

rton luminosities: 13 TeV /8 TeV

MSTW2008NLO

T<€— Summer 20157

<€—End of 20157

~ 1'000
M, (GeV)

Note: almost all recent physics projection are for 300/3000 fb-’
cannot give accurate estimates of 2015 sensitivity



Very little luminosity needed to exceed
Run-1 sensitivity for heavy particles

Cross-section Ratios

Minimum bias
7

WH

H (ggF)

H (VBF)

tt

stop pair (0.7 TeV)
stop pair (0.9 TeV)
gluino pair (1.5 TeV)
gluino pair (2.5 TeV)
Z SSM (3 TeY)

)

)

1.1

2.1
2.1
2.6
2.6
3.9
4.7

11 (for 13 TeV / 8 TeV: 8.4)

16 (for 13TeV/ 8TeV: 12)

72 (for 13 TeV / 8 TeV: 46)
|

Cross section ratios: 14 (13) TeV / 8 TeV

5700 (13 / 8: 2700)

10000

J 12000 ,
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Ed®c/dp® [mb GeV2c?

Ed*c/dp® [mb GeV2c? x 10°

» Large samples of low-pileup
minbias will be recorded

Vs dependence for partlcle productlon

102

Basic Measurements Required

Will need basic measurements like charge multiplicity
» At least to validate pileup simulation at 13 TeV

in a few early fills

(a) pp(P)— 0. 5(h Yeh) + X (|q|<1 0)

- ® CMS 7 TeV (2.96 pb) CDF 1.96 TeV -
| ® CMS 2.36 TeV (0.2ub™) <- CDF 1.8 TeV |
g ® CMS 0.9 TeV (231ub™) CDF0.63TeV o ]
- p,=3GeVic -
- et | ]
| 1 Ns=2.76TeV interpolated value

~ O Xgscaling interp. =
- / P, =9 GeVic 7
i L L L L ‘ 1 1

1 10

\s [TeV]

1/N,, -dN_, / dn

Ratio

W
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2.6
2.4
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1.6
1.4

1.2
1.2

0.8

Ny, 21,p_>500 MeV, |n| < 2.5
ATLAS \'s = 7 TeV

— PYTHIA ATLAS AMBT1
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—: PYTHIA DW

--- PYTHIA 8

== Data 2010 e
------- PHOJET e

== Data Uncertainties
- === MC /Data
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Standard Model Prospects
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Basic jet and yYW/Z boson can

be done with little data
» Check of our understanding
of high-energy physics processes

Diboson processes will need more
data, but ZZ and yy could be quick

T ‘ T T T
ATLAS Preliminary
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Top Physics Prospects

Similarly tt cross section does not need much data
With full 2015 dataset, can expect significant
Improvement in top mass, though analysis might take time
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Higgs Boson Prospects |

Significant increase in o(H) o Temnely Dhery MPEE Gothiosn

» Can “rediscover” Higgs early on

» With full 2015, measurements of
Higgs properties will be beyond Run 1

Large opportunity in ttH channel

v ~4.5 times higher cross-section

» Could have significant signal
with full 2015 dataset

. —e— Observed

S (S ttH(125) injected

......... - Expected * 1o
------ Expected + 20

95% CL limit on o/aoyg,,
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Exotica Prospects

Largest potential for early discoveries
due to the large increase in heavy object

cross sections predicted by BSM models
o Includes some of the “easy” first-data searches
like di-jets and di-leptons

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

T T T T 117 T T T T 1171 T T T T T 117 T T T T 117171
Large ED (ADD) : monojet + E; ... Mg (5=2)
Large ED (ADD) : monophoton + E; . Mg (5=2) ATLAS
g Large ED {(ADD) : diphoton & dilepton, My Mg (HLZ =3, NLO} =
9 UED : diphoton + £, Compact. scale R Preliminary
2 s'z, ED : dilepton. m, My =R .
2 R51 : dilepton, m, Graviton mass (k/Mg, = 0.1} (
;—E RS1 : WW resonance, m; Graviton mass (k/M, = 0.1) . QB H d IJ et 4 1 05
@ Bulk RS : ZZ resonance, m,; Graviton mass (k/Mg, = 1.0} Lat=(1-20)fb" sea rCh)
= RS g, — 11 (BR=0.925): ti— I+jets, m, g,, mass =7 8TeV
i ADD BH M., 1M =3} . SS dimuon, N, .+ M., (5=6) =7,8T8 [N 5 400 700
ADD BH (M, IM' =3) : leptons +jels Ip M, (5=6) - —
Quantum black hole : dijet, F( ) M, (B=6)
qqqqg contact interaction x( ) A
G qqll Cl: ee &pyp, rFl” A (constructive int.) 6 6000 1 2000
uutt Cl : SS dilepton + jets + £, A(C=1)
Z (SSM) DM, |Lz20 M8 TeV [ATLAS CONF-2013-017) 2B6TeY 7' mass \
Z' (SSM) i, |L=4.71b",7 TeV [1210.6604) 1.4TeV 7' Mass | . y
. Z' (leptophobic topcolor) : tT — 1+jets, m, L1=14.3 1b”, 8 TeV [ATLAS-CONF-2013-052] 18Tev 7 mass Z (SS M) 3 9 .4 1 3
W' {SSM): 1'11,&,"l L=4.7 107, 7 TeV [1209.4446) 255Tev W' mass
W' (=g, g =1)im, |L=47ib" 7 TeV [120.6595) 430 GaV_ W' mass
W (— tb, LR%M} m 1=14.3 1b”, 8 TeV [ATLAS-CONF-2013-050] 1.84Tev VW' mass 4 7 2 1 1
o Scalar LQ pair (#=1): km vars. in eejj, ev” L=1.01b7, 7 TeV [1112.4828] ssoGev T gen. LQ mass
Scalar LQ pair (§=1) : kin. vars. in pujj, nvij | e=t.0m" 7 ev (1203.3172) 685Gev 2" gen. LQ mass
-
Scalar LQ pair(ﬁ 1) : Kin. vars. in tzj, Tvij |L=4.7 "7 Tev [1303.0526) s:Gav 37 gen. LQ mass \ Z, (TC tt) 2 6 3 7 8
" o eneration - 't'— WhWh  [L=4.7 15", 7 TeV [1210.5488] 656 Gev ' mass - - -
%‘E 4th generation : b’ — S dilepton +jets + £ L=14.3 b, 8 TeV [ATLAS CONF-2013.051) 720 GeV_ b' mass
@ -
=3 Vector-like quark : TT— Ht+X L=14.3 b7, 8 TeV [ATLAS CONF-2013-018] 730 Gev_ T mass (isospin doublet) .
= Vector-like quark : CC,m,  |L=461" 7 TeV [ATLAS-CONF-2012-137] 1.42Tev VLQ mass (charge -1/3, coupling x,q = v/mg) /' q* (d |J et 4 56 87
. Excited quarks :y-jet resonance, mrﬁ‘ * mass h
B E Excited quarks : dijet resonance q* mass )
e Excited b quark : W-t resonance, th b" mass (left-handed coupling) SEEnG 5 1 50 270
Excited leptons : -y resonance, m I* mass (A = m({*))
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. Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W ) 2TeV)
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5 Y prod., BR(H’*HH] 1): 85 ee (up),m H;* mass (limit at 398 GeV for ],l],l}
Color octet scalar dijet resonance, my Scalar resonance mass
Multi-charged particles (DY prod.) : highly ionizing tracks mass {|g| = de)
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*Only a selection of the available mass limits on new states or phenomena shown
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Supersymmetry Prospects

Significant increases in cross-section
for supersymmetry processes as well
Expect inclusive searches for q,g to
pass Run-1 sensitivity after few fb-’

10° | ]
10° - — g, 14 TeV b
3 "= 99,8 TeV 1 Keep in mind:
10 5 —tt*bb*, 14Tevd |
E 3 “Past performance
=== {1t bb* 8TeV - R
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- Ky Ly 14Tev 1 of future results”
1 E .
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10°F g backgrounds will
102 E ] also increase with
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Summary

» LHC consolidation for 13+ TeV well underway
Can expect 1-2 (15-30) fb' by summer (end) of 2015

» Experiments require 25ns bunch spacing beams
to fully cope with potential peak luminosity pileup

» High mass searches will quickly rival/exceed Run 1
> Higgs Boson measurement will likely

go beyond Run 1 with the first years data
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Improvements from CMS L1 Upgrade°

CMS Simulation {s =14 TeV, L =22 x 10* ecm?s, 25 ns

t— bWy (600,150) e + Jet

t— bWy° (600,150) p + Jet
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t— bWy (600,450) u + Jet
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Improvements from CMS L1 Upgrade

CMS Simulation Vs =14 TeV, L =2.2 x 10** cm2s, 25 ns

WH — evbb

WH — uv bb
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