| "t N
: ;I 5 =
% o 2

etec

v
| &
@)
=)
Q
Q
=)
v
(]
©
Q
(&
c
©
>
©
<
c
o
eT4]
c
=
]
W.
©
2
(a1
=
(o]
i

La Biodola, Isola d'Elba (Italy) May 20 - 26, 2012

i

tile _q!,.;_? W2 il

~
[l




CMS

CMS Detector

Outline

LHC and CMS run 2011 summary, 2012 highlights,

luminosity, data taking

Subsystems status (not exhaustive)
Hints on detector performance and progress

General view of the upgrades:

— Long Shutdown 1
— Phase 1

— Phase 2

DO YOU WANT ME
TO PUT THE CHART ON
ONE PAGE, WHICH
WOULD MAKE THE TEXT
TOO SMALL FOR YOUR
AUDIENCE TO SEE?

12th Advanced Detectors La Biodola 5/21/2012

Dilbert.com DilbertCartoonist@gmail.com

OR DO YOU PREFER

A MULTIPLE—PAGE

APPROACH THAT IS
CONFUSING AND
UNPERSUASIVE?

M. Meschini INFN Firenze

niversal Uclick

©2012 Scott Adams, Inc. /Dist. by U

5-15-12

ITS PROBABLY BETTER
IF NO ONE CAN READ IT.

I WONT
BOTHER USING
REAL WORDS.




CMS{; SUPERCONDUCTING
i The CMS detector COIL3.8T field

12.5kt mass CALORIMETERS
21.6m long

14.6m diam. ECAL Scintillating PbWO, HCAL Plastic scintillator
Crystals brass

sandwich

IRON YOKE

MUON
ENDCAPS

EEE
HE N
ama
/A ]
= e ¢
MUON BARREL amE E
Silicon Microstrips, 10 barrel layers, M o -
A // nEn
349 fw disks, 9.3M strips A W~ — i
] 2"/ | - nrs
Pixels 3 barrel layers, 2 fw disks, — strips
66M channels Drift Tube Resistive Plate Cathode Strip Chambers (CSC)

Chambers (DT)  Chambers (RPC) Resistive Plate Chambers (RPC)
12th Advanced Detectors La Biodola 5/21/2012 M. Meschini INFN Firenze 3



CMS

Silicon tracker:
o(p;)/p; ~ 15% at 1 TeV

Silicon pixel detector:
~20um hit resolution

CMS in a Cake-slice

EM Calorimeter (lead tungstate crystals):
o(E)/E ~ 3%/(E) [GeV] ® 0.3%

Hadron calorimeter (brass + scintillator):
o(E;)/E; ~ 100%/~ (E;) [GeV] @ 5%

| |
0om m
Key:
Muon
Electron
Charged Hadron (e.g. Pigh)
— — — - Neutral Hadfon (e.g. Nejitron)
----- Photon

am 4m

Neutrinos “seen”
\ via missing Et

i

Silicon
Tracker

1]

Electromagnetic
Calarimeter

Hadran
Calorimeter

Det. published JINST3:508004 (2008)

Transverse slice

12th Adwarto@dDetectors La Biodola 5/21/2012
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1"y

_ 1 T
m (drift tubes,

Muon syst

resistive plate chambers,
cathode strip chambers):
i o(p;)/p; < 1% at 100 GeV
o(p;)/p; < 10% at 1 TeV
M. Meschini INFN Firenze 4
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CMS

= LHC Startup 2012

Changes from 2011 - 2012
« Vs=7TeVin2011 > Vs =8 TeV in 2012
e B*=1min 2011 = B*=0.6min 2012

— Higher instantaneous luminosity > more interactions per
crossing -2 higher pileup

50ns bunch spacing in 2011 - as in 2012

Maximum instantaneous luminosity was 3.5x1033/cm?/s
in 2011 = 5.6x1033/cm?/s in 2012

— reached on April 20, fill 2536 with 1380 bunches, after a
wonderful, steep rise.
» Technical Stop 23-27 Apr., then a bit slow restart
« 1380 bunches foreseen (again) on May 1st, reached on May 10t

« Now ~1.3x10" protons/bunch, goal is ~1.6x10™"

Last minute update: record lumi 6.05x1033/cm?/s on May 19

12th Advanced Detectors La Biodola 5/21/2012 M. Meschini INFN Firenze
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CMS/

o CMS Luminosity 2011 & 2012

In 2011 6.1fb-1 delivered by LHC and 5. 6fb-1 recorded by CMS. A ~7% correction

g J

has been applied after end of 2011 run, and a new method to calculate lumi
published in CMS-PAS-SMP-12-008.

2011 2012

_,cms Total Integrated Lummnsuty 2011 (Mar 14 05:42 - Oct 30 16:09 UTC) CMS ION LUMINOSITY 2011 and 2010 €MS Total Integraled Luminosity, 2012, is = 8 TeV
- — Delwered 6.095 fb~! 180.0 — [CMb 3
® || _ Recorded 5.561 b a NN LHC Delivered: 2.50 " ]
- 8 1600 > = CMS Recorded: 232 fb”
140.0 g 257 __'12'5
s| g | |
120.0 E L B2
3 2 - 2
B 100.0 L o
‘I 2011 data: 3 —m 2 "l
;| 140 times 2010 o0 ~woo g5 TOday at 1am e
r =8 DELIVERED 2010 E L g o
data (not shown) o 3 | g |
2L 40.0 e 1T g =1
200 | — o
1r 0.0 + -J ‘#’H ’ 0'5.—_ i —_.0.5
5/11  10/11  15/11 2011  25/11 30/11 512  10/12 | i |
0 1 I L | Day/Month in 2010 and 2011 URE Liviaa v | lvanns ]
14103 20/0% 14/06 30007 44/09 20119 ] 12/04  19/04 26i04 OGS 10/05 mes
Date Date
. . CMS Peak L i ity/Day (2012 Apr 05 - 2012 May 19)
- CMS Peak Luminosity/Day (2011 Mar 15 - 2011 Oct 30) CMS recomm ISSIOI"Ied on B ! — Max '“slt 6-119 nb™ 5;‘ , ? y
o[ s Apr 8
3.5 5L j
Two wks to reach reach
3.0 .
Max Instantaneous Lumi 4/
2.5 /
>0 One wk to reach same T
ver Inst. Lumi as Max 2011 2l
1.0 -
1 |-
0.5}
Ny ‘ Excellent LHC 2012
, o X ‘ . .
15103 20104 14108 30107 14109 - 3010 Startu p Performance oal0d 13108 22108 01103 1005 10103
Date
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> | CMS 2011 Data Taking Efficiency

Sources of Downtime

- Largest downtime single source:
9% Lost a cooling failure affecting 2 fills (August)
(6% Downtime - Other Downtime sources:
3% Deadtime) Detector/DAQ, Special runs, Trigger, Power
\ -Single Event Upsets (affecting Pixel, ECAL, CSC,

. HCAL): addressed during winter stop to prevent
91% Recorded problems in 2012

LHC delivered 6.1 fb-!

Lumi lost by categories

Sources of Deadtime R — el
Trigger rules ~0.7% |G;2;R:‘°‘CL§E; ::: \ ENL%.UCPEEYLIENHGC_AE_D;LR- 0%
Partition control sub-detectors ~0.5% [T : R-
HLT (High Level Trigger) at start of = paeeeet=d/ f§ ECAL ——
runs ~0.5% [DAQ: ECALDAQ - 11%] HCAL

ATRIGGER ;L1 GT - 1%
TRIGGER : CONFIG - 0%

[DAQ : HCAL_DAQ - 5%

Short stops not counted as downtime

[DAQ : CSC_DAQ - 6% CSC

|DAQ : RPC_DAQ - 0% t
iCi iS i ing i : —t - PIXEL
gglglosncly(/) tl)sa:ngze;slgi |n62€0k12. P pe Tracker .
) , w ES TRIG. DAG -
°9 ° DAY THCRAQ o0

TRIGGER : HLT SW - 0%}
TRICGER : L1_DT_TPG - 2%]

12th Advanced Detectors La Biodola 5/21/2012 M. Meschini INFN Firenze 7



= CMS Detector Operational Status April 2012

Pixels

Strips
Preshower
ECAL Endcap
ECAL Barrel
HCAL Outer
HCAL Forward
HCAL Endcap
HCAL Barrel
muon RPC
muon DT
muon CSC

100

Pixel Strip ECAL ECAL HCAL HCAL HCAL HCAL Muon Muon Muon

Tracker

Tracker

Barrel

Endcaps

Barrel

Endcaps

Forward

Outer

DT

CSsC

RPC

97.1%

97.75%

99.16%

98.54%

99.92%

99.96%

99.88%

96.88%

99.1%

97.67%

98.2%

12th Advanced Detectors La Biodola 5/21/2012
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CMS

: A Snapshot from the “Text Book” Fill #2536

yesterday!

Average CMS/ATLAS Lumi 5.6e33 cm2s! : highest Inst. Lumi up to a&w!

20-Apr-2012 04:57:34
Fy_nnrimnnr Status

PR AR | o crmn v m oSl o Fd il b

AT AW IRy IR ey

Fill Luminosity {nb)"-1
BKGD 1
BKGD 2
BKGD 3

Performance over the last 24 Hrs

Fill #2536
~ATLAS |
s
5220.3
4275.0
859.1
0518
113.085
2.549

l Instantaneous Lumi [{ub.s)*-1]

41
=1

Energy: 4000 GeV

STANDEY

I(B1): 1.85e+14

I(B2): 1.85e+14
LHCb

PHYSICS

110.0
348.7
55.9
0.488
40.324
0.555

STANDBY

Up dated: 0 £57:31

Remark: not clear why this fill was more “bright” than others after Technical Stop with same

2E14 ,— r§000
. 1.5E14 o 1] 9
g e
W
S 1E14- r‘- S Tili]1] é-.'
E S
] i
3E13 000
T T T T T T
05:00 08:00 11:00 14:00 17:00 20:00 23:00 02:00

Fill 2536

current =2 Now understood? Leftovers settings from TS; more work to do on emittance

12th Advanced Detectors La Biodola 5/21/2012
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CMS
Triggering on di-muons in 2011

Dimuon triggers are fundamental for Searches, Heavy Flavors (and used also for calibrations)

trigger paths
i 10° 2011 Run, L= 1.1 fb™ Jiw Y
S CMS vs=7TeV M)y
E‘ ."}5 E‘l — |.l*j.l-
Y
E - i low P, double muon
.E high p double muon

10° =
= Z
- h
10° = _ - ——
3 T ' CMS Preliminary ' 1
- S 10t - —
- 3"E Iy Y(,23s)  POPP\Ew=276TeV 3
= - L, =50pb 7
10 = z
= o 10" g -
-— w -
1= 107 -
3 - z
- m_E -
107 = - Heavy lon data :
E e o' > 4.0 GeVic hﬂ E
| C il ——ll 3 I
10 10°
1 m,, (GeV/c?)

1
dimuon mass [GeV]
Dimuon mass distribution obtained from overlapping several trigger paths
12th Advanced Detectors La Biodola 5/21/2012 M. Meschini INFN Firenze 10




CMS

“The Challenge”: Tracking at High Pile Up

Hii o e

2011 event with more thn 20 ]

|__Number of True Vertices | Red = B* of 1.0 m [ Number of True Vertices vs BX lumi__|
ki L - w 40—
510-1 = ZeroBias Events ,& .
i E Run2011B: <Nvtx> = 7.78 E 35— _
= Run2011A: <Nvtx> = 4.85 _ | an3
102 - 30 = 10
- 25 ]
10° = ]
= 20 —E 10
104 15 5
- 10 — 10
10° =
6L
10 3 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1

. 25 30 ) ; )
12th Advancedbetectdt? La Biddola 5/2%/2012 S0 e BX lumni [10°30 cm-2811



CMS -

Trigger at high PU

2011 Level 1 trigger running at ~80 kHz | FILZI0%, ElTgger Plysies Rate | L Cveate Change

. w 10 T T T T TIT T TIT TN . No Prescale Change
— Total deadtime <3% s 0 . i
* High level trigger output rate 300- Y \J o Rﬁ'
400 Hz wof! 1\1 L™ 1\_
Challenge is to keep thresholds low i %\\}'\;\' ]
as PU increases wil R
» Work ongoing on integrating offline I3 T
advances (e.g. particle flow, noise 204 | R
rejection) into HLT-> almost done H } l % } } } }
Some PU dependence 0= Il'.l2|0l'.l 04|00 Dﬁlﬂﬂ 08|0l; 10|00 12|00 14|00 16 00 |
. . . 2011.09.13 19:17:18 to 2011.09.14 17:14:07 GMT Time
» This slope is ~typical (some are _better,
IIII|IIII|IIII|III IIII|IIIIIIII|IIII|IIII_1_
some are worse) U HIT_IsoMu30_etazpl v3 |
« Menu for Lumi 5e33 deployed Oct 2011 | 3&176701' MTGBQ? —Néw Fit T
* Menu for Lumi 7e33 deployed mid-May _ e H
Fill 2536 CMS Pileup Monitor 0 H
= Fo o ‘ET 0.01
5 Z:\ Pileup Monitor in 2012 | §
2 TN for Fill 2536 B
3 e \ Q
g 15; \ & 0.008
S .t o - H
% 102_. © i ; ; i ; ; ;
B 5 o [
7| ‘ ‘ ‘ . % _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIT
04:00  06:00  08:00  10:00 12 00 I: 200 2600 200 200 2000 anmnevus LL?rll[i}r?usity [%%m“'cm-%g?]ﬂ
2012.04.19 19:21:31 to 2012.04.20 12:40:42 GMT o . 2500 3300
12th Advanced Detectors La Biodola 5/21/2012 M. Meschini INFN Firenze Instantaneous luminosity [103° cm2 s 12
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M(p*tr—)
M(A%r™)
M{pTp)
M(JfYE")
Q(J/YE"xT)

1110.7 MeV
1315.5 MeV
3117.1 MeV
5787.8 MeV

16.7 MeV

CMS Experiment at LHC, CERN
Lata recorded.
Run'Event: 178421 / 533709680

CMS 15t New Particle
Discovery

— -+ - + -+ —+  +- -4+ — 4
, OB, T oE J/yn AR p+p T Sp T T u+p,t T

5945.0 £ 2.8 MeV




CMS

Barrel Pixel RMS z resolution [um]

Pixel Detector resolution

Dip angle dependence of z resolution

50 —
1 CMS preliminary
45
f GHE_
40 N s
] |
35T : oot <
1 » !C’ Iila'
30] = . . nﬁ”
iy : ] a
25 'EQD'%EG - % DQ-EE’EE'
20 gty =
15_; + Data 2011
10_5 0 simulation
5 p, > 4 GeV
o+ T T T
-60 -40 -20 0 20 40 60
track dip angle [°]
dip angle:
» A=T1/2-80.

optimal resolution at A =

+30°:

» sharing between neighboring
pixels

t /
/ 150 um X
/ 285 um
0° ~ 30°
7 14000 .. Entries 154996
// | CMS preliminary RS 10164
W 12000 -} x2/ndf 188.4/94
/ g ] pata 201 mean -0.08852
600 ] sigma 12.71
10000__ p[>12GeV nu 3154
area 1.553e+05
8000 BG 3.645
6000
4000 |
2000
0 It | U
150 -100 -50 0 100 150

Barrel pixel triplet r¢ residuals at

Pixels are a fundamental building block for CMS. Heavily used also by HLT:
seeding, vertex reconstruction, b_tag, high pile up combinatorial reduction

12th Advanced Detectors La Biodola 5/21/2012

M. Meschini INFN Firenze

50
Barrel pixel triplet residual Ax [um]

high p,
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Tracker Status

Masked Channels Map 2011 Run, preliminary

Shortin CR: HV Short in CR:
0.35% shors 0.35%
Good Channels e etvies i
work@Patch
- Offline SiStrip Bad Component panel
calibration runs automatically, about . b, 8 y,
0.1% channels are masked slele X o f] o
- Offline Analysis performed for every Reidhaiia. %; j s
. o " 'y - — —— ¥ '
- 3 CRs not working, 1% loss '\
- HV problems, 0.8% loss I TSR 5 [ 1 : ] =
-CCU/Fibres/other 0.4% loss e — T — ==
(CR Ctrl Ring
CCU Communication Ctrl Unit) ' e = r
: _ —
Silicon Strip Resolution U LEEEeE  E—" = — :
-E 50;-’71'"-"7*-']’7l-|---|---|---|---1‘--: Lost CR: ; == e - :
= 45-:_ NS=7TeV @ Chustor Width1 ; 0.35%
§ oa v ITT 3
% 35;— 8- Degroes 010 —z
5,_3 30E o
£ o5F # =
20F- =
155 =
10E =
SE L 120s to configure the TK in :
60 80 100 120 140 160 180 200 DAQ 1690 in 2010 Some Control Rings can be
Piteh um] (was 160s in ) recovered in LS1, up to 1%
. . N 437 Front End Drivers (70% > 1, Up 0
Hit resolution vs Strip Pitch CMS) channels possible

12th Advanced Detectors La Biodola 5/21/2012 M. Meschini INFN Firenze 16



Analog readout; many
independent
measurements (in total
more than 1/,cm of silicon)

Charge asymmetry is

appreciable when plotting
dE/dx vs. gxp.

(Lines drawn by hand to
guide the eyel)

12th Advanced Detectors La Biodola 5/21/2012

dE/dx (MeV/icm)

o,

rm
'\\
o,
X

CMS preliminary 2011

(i
=1

— —
N +

—
o

!_-.r'lI_I|1[I][II|III|I

0

- 0 2 4
charae X track momentum (GeV/c)
M. Meschini INFN Firenze
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Courtesy G. Sguazzoni
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CMS.

Very Latest Results on ECAL Calibration

Single electron enerqgy scale (E/p) stability in the
ECAL barrel measured using W =>ev events

Overall effect of single channel inter-calibration
and transparency corrections on the Z>ee
invariant mass in the ECAL barrel (*)

E ECAL/ o) Tracker vs time

x10°

1.02F s ¥ e > 120F L =
®
= [ CMS 2011; T T S WM corraction’ | 1 [Mean ] 2 " cms preliminary 2011, 7Tev | N secoretees
S - {_ = ?’ Te\_! 1_ 4 98 ﬂ;,1 —e— without LM cérrection | ] RMS 0.0012|{ O C 7
o 1.01 : i e e it ootretion = [[Mean 098]1 — 100+L =4.98 fb"’ Intercalibrations (IC)
0 [ : i i ] [LRMs 0.007]{ 3 - j
= g = ] = - A v e [C + monitoring corrections
g 1 ............ ] 5 80_ ?E
- I ” ECAL barrel ?i
— : 1 - L
X 099F 60 g/g
» C ]
: - ue
0.98F 4
0.97 f—-drmmeenenn 20
- ECAL Barrel : : i C
_I i L L L i L L L i L 'l L i 'l L L i 'l L 1 I L ] 0
0.96 50

24/08  23/09  23/10 0 20 40

date (day/month)

26/04  26/05 25/06  25/07

Stable energy scale throughout 2011 run after applying laser corrections:

— Barrel: average signal loss ~ 2.5%, RMS stability after corrections 0.13%

— Endcap: average signal loss ~ 10%, RMS stability after corrections 0.45% (not shown)
Good energy resolution with preliminary energy calibration for 2011:

— Instrumental resolution (obtained from Z - e+e- invariant mass with ECAL energies and
electron track directions): 1.0 GeV in ECAL Barrel (**)

(*) The plot includes only electrons with low energy loss through bremsstrahlung in the CMS tracker
(**) Width of Crystal Ball function convoluted to the Z->ee Breit-Wigner shape

12th Advanced Detectors La Biodola 5/21/2012 M. Meschini INFN Firenze 18



CMS

RPC

RPC Barrel Efficiency History Plot

Status

HV working point corrected for
atmospheric pressure

RPC Barrel Cluster Size History Plot

35

LT T TTTT I T TTTTTT [ I T TTTT I T T T T T 1
Py = 1 O N O 0 O O) . CMS Preliminary 2011 —
2 T T gy
1 :— - Without Pressure correction LV‘I"I‘ Ere:SSI:I:e CQFF?CIIIO_H bk ]

0'5‘1|I1|IIJ|II|II|1II|II|1111I11|‘I

EEEEEE R EE L i
April 2011 October 2011

~  100¢ s
w = I 3 [7:)
= 99 = 2
ffn osE f% | CMS Preliminary2011 = &
[ - * [} 3 —_—
®© R " P o [
5 ook GO TR PN,
L = 4 ! ' E [}
e 95 = 1 = E
2 S 3 @
> EIN-
S 93 - 3
o = 4 O
S 92F - - - :
= = Without Pressure correction Wih Pressyre cprregtign E g
w 91 ; o
c = 1 =
8 9078'58@:;'&32%33%‘3288853225&%2 833’38333”@5&232“2%%»‘98EQKF'&;

April 2011 October 2011
- Data Loss for RPC 19 pb1-0.37%
- Overall Operating Channels 98.4%
- Average Efficiency 95%
« Average Cluster Size <2
» Average Noise rate (3 :103 cm? ) 1.3 Hz/cm?
+ Max Noise rate (3 103 cm?s™) RE-2/2/C <7 Hz/cm?
- Average intrinsic noise (ho-beam) ~ 0.1 Hz/cm?
« Average current (no-beam) ~1uA
» Average current (with beam) ~1.5uA
+ Temperature <21.5°C

—

12th Advanced Detectors La Biodola 5/21/2012

M. Meschini INFN H

Example of muon recovered by RPCs
Run 173406, Event 57918504, m = 90.900GeV

X

—y
o
TSNP S——

<}

{

The red track will fail in reconstruction when the

RPC hits are removed in the track fitting
irenze

1 DT segment + 2 RPC hits
19
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CMS -

RSS [MB]

1300

1200

1100

High Pileup Mitigation Working Group

Reconstruction Performance Evolution

Reconstruction: CPU perf - Memory Curves (HighPileUpHPF 100 Evts)

CMS Reco perf

ormance

CMS SW Releases
—¥— 4 4 2 patch10

5_2_0_pre3
wipe §_2 0_pred

50 % reduction in
memory footprint

A factor 2.5 gained in
reconstruction time
Physics performance

unchanged

0

1.
’ 6

We are here!

80

| |
100 120
time [m]

Technical Improvements
Compiler, ROOT, JEMalloc
Vectorization, Devirtualization

Algorithmic (mainly tracking)
Seed filtering (extended to pairs)
and seed combinations, Merging
strategies, Loopers identification,
Strip Template & cluster splitting,

K2Tree template class

21
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= CMS .

) CMS Upgrades -

« Phase 1 Upgrade Technical proposal through 2020: ._ ” |
published June 2011, LHCC-P-004 P

« TDR (Technical Design Report) for Pixel, HCAL, will ;§ T
come by end summer 2012, Trigger 6 months later i i

* Upgrades goals: cope with lumi increase, solve issues CBC ;.. 125 oc o comar
spotted during operation, maximize efficiency, Physics —
output and discovery potential Wil

« Phase 2 Technical proposal foreseen in 2014 detector
design depends (also) on physics results
— Simulation and R&D in many areas already ongoing since years

« Make best use of 2011-12 physics results and LS1

experience to define new detectors for Phase 2
CSC winding

- padi fro:' test features™, ;.o
generator

PLEASE NOTE: more specialistic and detailed presentations on
CMS Upgrades at this conference:

-M. Jeitler Upgrade of the CMS Level-1 Trigger

-A. Sharma Upgrade plans for CMS Calorimeters and Muon system
-G. Bolla The upgrades of the CMS tracker: status and plans

12th Advanced Detectors La Biodola 5/21/2012 M. Meschini INFN Firenze 22




CMS,/;

A 10-Year Luminosity Scenario

0 Lum|n05|ty

® UItlmate Ium|n05|ty

total

~400 fb-1

1000.0

AOE+34 - bl FOTS TSRS SOV VST WIS N . Sa—
— —Integrated basellne ----Integrated uItlmate,..---'
A 35E434 o AR S s
€ 30E+34 AN ... 1000
|2| | . 5 ]
> 2.5E+34 | i i
= | | i
& 2.0E+34 S fr -------- S— . S 10.0
c | b | ) g [0 Al
‘= 1.5E+34 - 65 Tev& ---------- P . d i
g ' transition Q ! . CMS TP assumption
; 1.0E+34 fO '2‘5 ns EL -------- ‘E'--‘ -‘E' -------- ‘:- ------- :E 1.0
O 5.0E+33 | n'q ------ ? -------- LA N ——
o : i i | i i i i
0.0E+00 i S —— i i — A i 0.1
o i o o T T p] W0 ™~ (0] (0)] o i
— i i — — i — — i i N N
o o o o o o () ) o o o ()
N N N N N N N N N N ‘ N N
Year N T
LS1(2) = First (Second) Long Shutdown @ Possibly higher luminosity with 50ns

Modified from D. Contardo, F. Zimmerman, O. Briining, M. Lamont, L. Rossi

12th Advanced Detectors La Biodola 5/21/2012

Integrated luminosity [fb™!]

bunch spacing after injection upgrade, but

then pileup up to 200!

M. Meschini INFN Firenze
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CMS Upgrade Plan in a Nutshell

Shutdown System/Det Action Result Physics
LS1 Muon RPC and CSC Improved pu trigger and W acceptance
2013-2014 (ME42,ME11) (Complex YB4 reconstruction WH, H* ->1v
installation) (1.1<|n|<1.8,
New electronics 2.1<|n|<2.4)
LS1 Hadron Outer Replace HPDs with Single p trigger Muons from 1
2013-2014 SiPMs to reduce noise | Tails of very high p;jets | ZIH>1t—>pX
LS1 Hadron Forward | Install new PMT to Forward jet tagging Vector-boson
2013-2014 reduce window hits Improved MET fusion H
LS1 Beam Pipe Install new beam pipe Easier pixel detector b-tagging
2013-2014 45mm outer diameter installation
LS2 New Pixel Low mass, 4 Layers, 3 | Reduced dead time H—bb, SUSY
2018 system (LS 1.5?) | Disks with new ROC Improved b-tag. decay chains
LS2 HCAL Barrel Replace HPDs with Reduced pileup effects SUSY
2018 and Endcap SiPMs for longitudinal | Improved MET Hortr
segmentation Improved 1, e, y H-ZZ- It
uTCA trigger New electronics clustering and isolation

Adapted from G. Tonelli

*LS1 >CMS ready for beam on Sep 1st 2014

12th Advanced Detectors La Biodola 5/21/2012

M. Meschini INFN Firenze 24



CMS

S

LS1: Maintenance and New Goals

 LS1 (presently foreseen date Nov 2012-Sept 2014) is approaching fast!

 Beyond standard maintenance tasks, by the end of LS1, CMS should
have reached the following objectives:

— Complete muon upgrade tasks requiring shutdown (Endcap disk 4
construction, 4th muon endcap stations CSC and RPC, barrel
electronics consolidation Present Humidity

— Complete 15t stage of HCAL photo-transducers consolldatlon Barriers outside TK
— Install 45mm outer diameter beampipe o o
— Piping and demonstrators for 4-layer pixel cooling
— Barrel-endcap seal revision for colder Tracker
operation

— Tracker cooling fluid capable to run at —25°C

— N2/dry-air system upgrade for colder Tracker
operation

CMS Central beam pipe
(DS e

New CMS beampipe
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|
[, |
Al or AlBe Al or AlBe
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support support
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CMS-

Replace HPDs with SiPMs in HO (LS1) then in HE/HB

- Increased granularity : depth segmentation (in HE/HB) (LS2)
- Higher gain (reduced noise effects, pulse shape usage)
Avoid discharges, better isolation and particle 1D, improved
calibration

New PMT (multi anode) for HF (LS1) 32 already in place
Avoid background from PMT windows

New 8 bit multi-scale ADC and 6 bit rising edge TDC
Anomalous signal rejection

New OL (GBT) and back-end electronics

- Increased bandwidth

Trigger granularity improved

15

14 ] 12

HCAL Upgrade LS1 and Phase 1 Plans

1]1987654 21

P

HCAL HO

Regular 8x10 SiPM
arrays (2.2 x 2.2 mm?)
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CMS

<~ Pixels Phase 1 Upgrade Plan

New ROC chip

Avoid 15% data loss in the innermost barrel pixel layer at Forese.en to be .ready by. late
2x103* cm2s-' and 25ns crossings 2016, it can be installed in a
4 layers (smaller inner radius) in barrel, 3 disks in end 5 months stop

caps = 1 layer and 1 disk more than present detector,
new cabling, powering and cooling systems, improved ,
material budget and less multiple scattering FPIX Disk
Improved tracking efficiency and reduced fake rate at
higher pile-up, improved IP and vertex resolutions and
b_tagging efficiency

BPIX Layout
— O (o g
End disk volume Barrel volume \
3 disks per side 4 layers p’
=13 =16 current /

T T
giaszsee" i

Beam pipe

\ upgrade .
Barrel supply tube Barrel end flange Outer rings Inner rings o= '7—4 S
Barrel cabling & tubing | "

New beampipe allows 12-facet inner layer
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CMS Strip Tracker Phase 2 Upgrade Plan

New Tracker with higher granularity and radiation hardness
Maintain tracking performance at higher multiplicity
Trigger capabilities at L1

Maintain trigger performance
- Precise transverse momentum measurement of muons for sharp threshold ~ 10-20 GeV/c

- Matching and isolation for electron and tau identification and veto for photons.
- Association at IP (vertices) to reduce rate of accidentals due to pile-up.
Improved Material Budget

New cooling (bi-phase CO2) and powering (DC/DC) schemes

Position offset

General Concept 0.1‘mm -4— Ax —:
ustubn pass fail - )
\ £
£
1mm o
1

b il |
100 um \

X

Trigger capability concept based on

-Pt modules, 2 strip sensors or 1 strip and 1 macropixel sensor coupled to same FE chip to reduce data
bandwidth

-Hardware track reconstruction at back-end for L1 global trigger (in 6.4 ps)
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CMS,

Forward Calorimetry Phase 2 Upgrade Plan

Investigate future calorimetry in the forward region for ECAL and HCAL (~upton =5)
Improve performance for VB fusion/scattering, MultiTeV SUSY, heavy Z’

Evaluate long term performance of current detectors (HF, EE, HE)

Find radiation hard technologies for calorimetry materials and photo-detectors up to
3000fb-"

Propose a detector configuration based on performance simulation,

optimize longitudinal and transverse segmentation, E/H value

Very preliminary
Position resolution for 80 GeV jets at

n = 2.5 Before and after irradiation Met from Z — ee events
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CMS,
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Upgrade Comments

The CMS upgrades are a multi-year project: they are already ongoing
LS1 projects are on track, but the LS1 schedule is extremely tight

Option for an intermediate LS1.5 (~5 months) of interest to both CMS
and LHC remains, to be reviewed as circumstances develop
— LS1.5 new pixel detector installation
— LS1.5 would allow HCAL endcap photodetectors to be replaced earlier (in parallel
with pixel upgrade), barrel PD to LS2 (not compatible with pixel installation)
CMS is developing a strategy to adapt to possible changes in LHC
projections and plans. More news after LS1 startup

Phase 2 R&D needs continuing support in both manpower and funds to

| D £ .

be successful
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CMS

Conclusions

* The 2011 run has been exciting

« The 2012 is promising to be even better

« The Long Shutdown 1 is knocking at the door
 CMS is performing extremely well

« Alot of work to do on all fronts: run, maintenance, upgrade, physics...
No time to rest!
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CMS -

hanks You All Folks!

CERN blg. 40

__,.-"

e

@ Thanks also for slides you lent me, even if you didn’t know it...

Many thanks to all La Biodola Meeting Organizers!
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