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Outline and CMS activities at DESY 

> LHC Restart at 13 TeV 

> Performance of CMS 

> Operations: Alignment, Computing, Open Data, Luminosity 

> Physics results: Top, Higgs, QCD, SUSY 

> Phase 1 upgrades: Pixel detector, µ-TCA readout 

> Phase 2 upgrade: Tracker detector 

> Summary and Outlook 
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Outline and CMS activities at DESY - Highlights 

> LHC Restart at 13 TeV 

> Performance of CMS 

> Operations: Alignment, Computing, Open Data, Luminosity 

> Physics results: Top, Higgs, QCD, SUSY 

> Phase 1 upgrades: Pixel detector µ-TCA readout 

> Phase 2 upgrade: Tracker detector 

> Summary and Outlook 
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LHC status 

> LHC successfully restarted operations after LS1 for the first time 
at a center of mass energy of 13 TeV 
§ First dataset at 50 ns from July were used by CMS for publications 

> Achieved stable running conditions at 25ns bunch  
spacing in the last weeks 
§ Instantaneous luminosity slightly lower than expected 
§ recently: 1825 bunches è next: 2041 bunches 

> Goal is to deliver around 3 fb-1 to ATLAS/CMS for this year 
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CMS status 

> CMS is working again at extremely high efficiency at 3.8 T 
§ Tracker is running cold at -20°C 
§ Upgrades to the muon systems are performing well 
§ New luminosity  

telescopes are  
delivering measurements 

§ New DAQ and hardware 
for trigger farms 
 

> CMS recorded up to  
now about 2.3 fb-1 
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Physics highlights from DESY CMS 
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Publications since May with substantial contributions from DESY CMS 
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>  Search for neutral MSSM Higgs bosons decaying into a pair of bottom quarks,  
arxiv:1506.08329, accepted by JHEP 

>  Measurements of the Higgs boson production and decay rates and constraints on its couplings from a 
combined ATLAS and CMS analysis of the LHC pp collision data at √s = 7 and 8 TeV,  
ATLAS-CONF-2015-044, CMS-PAS-HIG-15-002 

>  Inclusive jet production at CMS at 8 TeV, SMP-14-001 

>  Run 2 - Pseudorapidity distribution of charged hadrons in proton-proton collisions at  
√s = 13 TeV, FSQ-15-001, arXiv:1507.05915 

>  Run2 - Inclusive tt cross section in eμ channel (L = 42 pb-1), TOP-15-003, arXiv:1510.05302 

>  Run2 - Differential tt cross sections in dilepton channels (L = 42 pb-1), TOP-15-010  

>  Inclusive tt cross sections: Run-I legacy measurement (7 and 8 TeV), TOP-13-004  

>  Differential tt cross sections at 8 TeV, arXiv:1505.04480, accepted by EPJC 

>  tt production with additional jet activity, incl. b quark jets, 8 TeV, arXiv:1510.03072 

>  SUSY - Follow-up paper on 14 TeV LHC-ILC study, DESY Report 15-145, arXiv:1508.04383,  
submitted to EPJC 

>  Run 2 - SUSY - Early analysis commissioning plots, presented at SUSY2015, DP-15-035, SUS-15-001 
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Publications since May with substantial contributions from DESY CMS 
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>  Search for neutral MSSM Higgs bosons decaying into a pair of bottom quarks,  
arxiv:1506.08329, accepted by JHEP 

>  Measurements of the Higgs boson production and decay rates and constraints on its couplings from a 
combined ATLAS and CMS analysis of the LHC pp collision data at √s = 7 and 8 TeV,  
ATLAS-CONF-2015-044, CMS-PAS-HIG-15-002 

>  Inclusive jet production at CMS at 8 TeV, SMP-14-001 

>  Run 2 - Pseudorapidity distribution of charged hadrons in proton-proton collisions at  
√s = 13 TeV, FSQ-15-001, arXiv:1507.05915 

>  Run2 - Inclusive tt cross section in eμ channel (L = 42 pb-1), TOP-15-003, arXiv:1510.05302 

>  Run2 - Differential tt cross sections in dilepton channels (L = 42 pb-1), TOP-15-010  

>  Inclusive tt cross sections: Run-I legacy measurement (7 and 8 TeV), TOP-13-004  

>  Differential tt cross sections at 8 TeV, arXiv:1505.04480, accepted by EPJC 

>  tt production with additional jet activity, incl. b quark jets, 8 TeV, arXiv:1510.03072 

>  SUSY - Follow-up paper on 14 TeV LHC-ILC study, DESY Report 15-145, arXiv:1508.04383,  
submitted to EPJC 

>  Run 2 - SUSY - Early analysis commissioning plots, presented at SUSY2015, DP-15-035, SUS-15-001 
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Expected 
signal: 

MSSM Higgs boson decay to bb at 8 TeV 

> Search for degenerate H and A in higher mass region 

> Main challenge: huge background rate from QCD  
multijet production 

> b-associated production: cross section enhanced  
by ~2 tan2β, better background control  

§ require at least three b-tagged jets 

§ dedicated trigger  

> Background-only hypothesis describes data well 

§ no signal observed 

> CMS analysis is unique at the LHC 

> Best sensitivity in this channel to date 

> Outlook for 13 TeV 

§ Commissioning of the analysis has started 

§ New triggers for 13 TeV have been developed, 
implemented and are active for 25 ns running 

arxiv:1506.08329, accepted by JHEP 
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First 13 TeV LHC measurement  

>  Pseudorapidity distribution of charged hadrons in proton-proton 
collisions at √s = 13 TeV 

 
 

>  Very essential measurement  
§  Measurement with tracking at 0T magnetic field 

§  Crucial input for pileup simulation 
10 

FSQ-15-001, arXiv 1507.05915 

July’15 
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 Inclusive tt cross section in eµ channel at 13 TeV  

L = 42 pb-1 

Selection: opposite-sign isolated eµ pair  
(pT > 20 GeV), ≥ 2 jets (pT > 30 GeV), no b-tags 

Submitted to PRL 

TOP-15-003, arXiv:1510.05302  

Aug’15 

>  Dominant systematics: 
  luminosity (12%), trigger (5%),  
  lepton efficiencies (4.3%),  
  lepton energy scale (2.6%) 

>  Good agreement with:  
  - CMS l+jets, ATLAS results 
  - theoretical prediction 

 

>  Cut & count approach (robust): 
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tt differential cross sections in dileptons at 13 TeV 

TOP-15-010 

pT(tt) 

pT(top) m(tt) 

N(jets) 

>  Top & tt: parton level,  
   full phase space 

>  N(jets): particle level,  
   fiducial phase space 

>  pT(tt): differences 
between models 
consistent with MC 
validation studies 

>  Good agreement 
between data and 
predictions 

>  More statistics will lead 
to important very high 
accuracy measurements 

Aug’15 
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SUSY commissioning document 

> Early analysis commissioning plots with 42pb-1 of 50 ns data 

> Presented at SUSY2015 conference 
> Inclusive gluino search in final states with a single lepton and at least one b-tag 

 
 
 

 

> Analysis is being commissioned and is waiting for more data 

13 

Sum of lepton pT and MET Angle between lepton and W direction        
(reconstructed from lepton and MET)  

DP-15-035, SUS-15-001 
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t

  Kinematic drop in SM bkg 

SUSY signal expected to be flat 

Aug’15 
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Pixel Phase 1 upgrade project 
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Pixel Phase 1 upgrade 

> CMS pixel upgrade planned for winter 2016/17 
> One layer and one disk more than current detector 

§ Improved efficiency beyond design luminosity 
§ 4 hit coverage up to|η| < 2.5 

> Increased buffer size on the readout chip and digital output 
§ Improved efficiency at high fluxes 
§ Gain in communication speed 

16 Chapter 2. Expected Performance & Physics Capabilities

used non-template pixel positions and errors for the simulation studies of both detectors. Note
that this causes the pixel hit position resolutions in this simulation study to be slightly worse
for the current detector than what is currently achievable with the 2011/2012 data. Details for
the configuration of the track reconstruction used is given in Section 2.1.2.

2.1.1 Pixel Detector Geometry

Figure 2.1 shows a conceptual layout for the Phase 1 upgrade pixel detector. The current 3-layer
barrel (BPIX), 2-disk endcap (FPIX) system is replaced with a 4-layer barrel, 3-disk endcap
system for four hit coverage. Moreover the addition of the fourth barrel layer at a radius of
16 cm provides a safety margin in case the first silicon strip layer of the Tracker Inner Barrel
(TIB) degrades more rapidly than expected, but its main role is in providing redundancy in
pattern recognition and reducing fake rates with high pile-up.

=0 =1.0=0.5 =1.5
=2.0

=2.5

=2.5

=2.0
=1.5=1.0=0.5=0

50.0 cm

Upgrade

Current

Outer rings

Inner rings

Figure 2.1: Left: Conceptual layout comparing the different layers and disks in the current and
upgrade pixel detectors. Right: Transverse-oblique view comparing the pixel barrel layers in
the two detectors.

Since the extra pixel layer could easily increase the material of the pixel detector, the upgrade
detector, support, and services are redesigned to be lighter than the present system, using an
ultra-lightweight support with CO2 cooling, and by relocating much of the passive material,
like the electronic boards and connections, out of the tracking volume.

Table 2.2 shows a comparison of the total material mass in the simulation of the present pixel
detector and of the Phase 1 upgrade pixel detector. Since significant mass reduction was
achieved by moving material further out in z from the interaction point, the masses are given
for a limited range in h that covers most of the tracking region.

Also shown in Table 2.2 is the mass of the carbon fiber tube that sits outside of the pixel de-
tector and is needed by the Tracker Inner Barrel (TIB) and for bakeout of the beampipe. By
convention, the material for this tube is usually included as part of the pixel system “material
budget”; this tube is expected to remain unchanged for the Phase 1 upgrade.

Another comparison of the “material budget” for the current and Phase 1 pixel detectors was
done using the standard CMS procedure of simulating neutrinos in the detector and summing
the radiation length and nuclear interaction length along a straight line at fixed values of h
originating from the origin. Figure 2.2 shows a comparison of the radiation length and nuclear
interaction length of the present and upgrade pixel detectors as a function of h. The green
histogram are for the current pixel detector while the Phase 1 upgrade detector is given by the

new beam pipe (already installed) 

r = 29mm 

r = 160mm 
> Improved Material  

budget 
§ New cabling 

§ Carbon fiber  
support structure 

§ C02 cooling 
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CMS Pixel Phase 1 upgrade at DESY and UniHH 

> Multiple production sites for the entire detector 
> Project is a close collaboration between different groups at DESY  

(FEC - microelectronics, SZE - service electronics, CMS) and the Uni Hamburg 

KIT/Aachen 
DESY/Uni HH 

Layer4 

CERN/Taiwan 
Italy/Finland 

Layer3 

Switzerland Layer 1/2 
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CMS Pixel Phase 1 upgrade at DESY and UniHH 

> Multiple production sites for the entire detector 
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CMS Pixel Phase 1 upgrade at DESY and UniHH 

> Multiple production sites for the entire detector 
> Project is a close collaboration between different groups at DESY  

(FEC - microelectronics, SZE - service electronics, CMS) and the Uni Hamburg 
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DESY/Uni HH 

Layer4 

CERN/Taiwan 
Italy/Finland 

Layer3 
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High density 
interconnect 

16×62 mm2 
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Read out chip 
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DESY/UniHH pledged to produce  
308 modules including spares 

= Bare module 

Token bit 
manager 
wire bonds 

TBM 

Signal and  
power cable 
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Bare module production 

Optical inspection 

& bare module test 

Solder ball placement  
SB2 Jet on sensor at DESY 

Flip chip  
bonding 
with Femto  

in-situ reflow  
on Femto 

Sensors from CiS 
UBM, dicing, 
shipping at Pactech 

ROCs from IBM 
UBM, thinning, dicing 
shipping at Pactech 

Sensor I-V curves 
at UniHH 

Known good  
die test for  
ROCs on Femto  
Fineplacer 
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Bare module production 

Optical inspection 
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SB2 jet solder ball placement 

> High-precision SnAg solder balls  
§ 40 µm diameter 

> Singulate and drop through 
capillary 
§ N2 flow against humidity and statics 

> Melt by laser pulse 
§ Solidify on pad 

> Re-try missing balls 
> Step-motor controlled 

§ Up to 4 balls / second 
§ < 6 h / module  

(limited by self-cleaning) 

> Production of 2 per day 
 

66'560 balls in 6 h 

40 µm  
SnAg balls  

At DESY FEC 
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Bare module production 

Optical inspection 

& bare module test 

Solder ball placement  
SB2 Jet on sensor at DESY 
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Flip chip bonding 

>  Femto Fineplacer from Finetech 
§ High precision step motors 

§ Automatic with image recognition 

> Before usage each ROC is tested 

>  Formic acid atmosphere 

>  Tacking: 1N → 15N → 160 N at 200oC 

>  In-situ common reflow at 230oC 

> < 3 hours per module 

> 3 bare modules per day 

1st ROC placed 
1st ROC placed All ROCs placed 
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Bare module production at DESY 

Optical inspection 

& bare module test 

Solder ball placement  
SB2 Jet on sensor at DESY 

Flip chip  
bonding 
with Femto  

in-situ reflow  
on Femto 

Sensors from CiS 
UBM, dicing, 
shipping at Pactech 

ROCs from IBM 
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Probe station setup 

>  Each ROC tested separately with 
a probe card 

>  Programing of the chip 
§  Should draw 25 - 35 mA digital 

current 

>  Bias voltage applied -150 V 

>  Set analog current to 25 - 30 mA 

>  Adjust test pulse timing 

>  Measure pixel response map 
§  Identify dead pixels to distinguish 

from missing bumps 

>  Bump bond test 
Module placed 

Windows PC and 
microscope for alignment 

HV 

sensor (face down) 

ROCs (face up) 

probe needles 

Bias voltage  
connection 
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Bare module tests 

> Bump bond connection 
and response for each 
pixel is checked 

> Bad ROCs can be 
reworked  

Electrical bump bond test M4088: 

1% 
class A 

OK pixel/bump    missing bump      

> Missing bump connections 
per ROC for 155 
produced bare modules 

> Most have << 1 % 
missing bumps per ROC 
è excellent quality 

column 

row 
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TBM + 
 HDI 

Bare to Full Module procedure  

Completed Bare Module 

Glue Base Strips 

Glue HDI 

Wire Bonding:  
Sensor bias & 16 Rocs 

Mount on module handle 
Attach cable 

Sensor IV test 

HDI & TBM test Bare Module test 

Cold Calibration Xray Calibration 

Glue TBM on HDI 
Wire bond (ZE) 

Gluing stations at UniHH 

Wire bonds 

Full module with 
protective cap 
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Cold calibration setup at DESY 

PC provides temperature control of the cold box and  
second computer is used for data taking 

Peltier 
control 

Peltier 
power 

DTBs 

Cold 
box 

Iseg HV 

Si oil chiller 

dry air 

KIT 
adapter 

pXar 

Chiller 
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Cold calibration and Xray tests 

> Calibration at -20°C and +17°C 

> Sensor I-V measurements 

> Thermal cycling 
§ 10 cycles from -25 °C to +17 °C in one hour 

> Testing of 4 modules simultaneously possible 
§ Semi-automated with PC control and operator 

§   6 – 7 hours  

> Setup runs stable multiple times per week 

>  In synch with module production 

> 41 full modules produced and calibrated so 
far for installation 

4 modules placed in the cold box 
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Xray calibration at UniHH 

>  Final check of bump bond 
quality with Xray map 

> Missing bumps well correlated 
è Electrical test gives reliable 
results at an early stage of 
production 

DTB 

Chiller 

Peltier 

KIT adapter 

Electrical bump bond test M4087 

Xray map M4087 

X-ray maps 
for 25 modules 
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Production status 

>  41 usable modules in N2 storage 
§  cold calibration done 
§  X-ray calibration done 

Feb 2016 

April 2016 

Mai 2016 

start =  
production  
readiness  
review 
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Outlook and Summary 

> Physics analyses progressing well 
§ Run1 analyses are being completed 
§ Several Run 2 results with DESY contribution already public 
§ Many more under way 

> Pixel Phase I upgrade 
§ Close collaboration between different parts of DESY and Uni HH 
§ There was an initial learning curve but issues have been resolved 
§ 41 good quality modules have already been produced 
§ Module production is well underway to deliver 308 modules for 

installation at PSI by mid 2016 
> Contributions to CMS operations and Phase 2 upgrade 

§ Alignment, Computing, Open Data, Luminosity 
§ Tracker detector upgrade 

 

 



Claudia Seitz for the CMS group  |  80. PRC Meeting |  22.10.2015  |  Page 34 

Backup 
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Chip replacement procedure (re-work) 
> ROC removal using the Femto Fineplacer 

§ Heat sensor chuck to 200oC  
(below SnAg melting point) 

§ Heat bond head to 260-280oC  
(above melting point) 

§  Lift ROC with 0.2 bar under-pressure 

§ Solder balls remain on the sensor 

§ Place new readout chip 

> Reliable procedure established  

ROC 

Sensor 

Breaking  
connection 

Solder balls left on sensor 
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Bump bond test 

>  Test pulse applied via sensor pad 
and air capacitance 

>  If bump bond is good then signal 
can be measured 

  
 

Missing 
bumps 

Good 
bumps 

>  Each pixel is pulsed 10 times for 
different comparator thresholds 

>  Range of comparator threshold 
where pixel responds is 
measured 
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Pixel module production planning 

> Start 2.3.2015 (after the CMS production readiness review) 

> Module mounting at PSI starts mid March 2016, in stages: 
§ attach micro twisted pair cable and module cap, test 

§ mount on half shells (128+128) 

§ connect to supply tubes (-z and +z), test, pull address wire bonds 

> 50 working weeks until end of Feb 2016: 
§ deliver 128 full modules (class A+B) 

> +8 working weeks until end of April 2016: 
§ deliver another 128 full modules (class A+B) 

> +4 working weeks end of May 2016: 
§ deliver 50 spare modules 
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