
Comments	by	Anders:	
	
1-)	the	word	“the”	in	Line	2	was	removed.	
2-)	Line	6:	The	sentence	was	modified	as	suggested.	
The charged particles produced at the center of the detector are bent by a magnetic field 
of 3.8, which is produced by a superconducting solenoid with a length of 13 meters and 
an inner diameter of 5.9 meters. 
3-) 300 𝑓𝑏!! integrated luminosity was mentioned in the third paragraph (Line 42 in the 
new version.) 
The upgraded pixel detector maintains or improves the performance at an increased 
instantaneous luminosity of 2𝑥10!" 𝑐𝑚!!𝑠!! and in addition allows operation up to an 
integrated luminosity of 300 𝑓𝑏!!. 
 
4-)	Line	21	was	modified	as	follow:	
The installation of the new pixel detector was completed in early 2017 after an extended 
year-end technical stop. 
5-) Line 22: “a view of” was removed from the sentence. 
6-) Lines 28-29: The sentence was modified as follow (suggested by Marco): 
Two rows of eight ROCs are bump bonded to each sensor connecting 66 560 pixels 
assembly, where each pixel has a size of 150x100 𝜇𝑚!. 
7-) Space was added between the numbers and units. 
8-) Following LHC long shutdown? 
We mean LHC long shutdown 2 (LS2). The sentence was modified in the new version as 
follows:  
 
Following the LHC long shutdown 2 (LS2) the instantaneous luminosity increased to 
2𝑥10!"𝑐𝑚!!𝑠!! and this would have led to readout inefficiencies because of the limited 
buffer sizes in the original pixel ROCs. 
 
9-) Figure 2: caption was changed as follow (Suggested by Katja): 
Layout of the original and the upgraded pixel detectors (left), and picture showing the 
layers of the original and upgraded pixel barrel detector (right). 
11-) one of double “the” was removed in Line 48. 
12-) Line 49: for-> in: replaced in the new version. 
13-) Lines 53,54,55: The sentence was modified as suggested (Lines 54-56 in the new 
version). 
The silicon wafers that were used for the FPix system upgrade had been fabricated and 
tested by the foundry and a subset of the wafers were re-tested at the Silicon Detector 
center (SiDet) at FNAL. 
14-) Figure 5: Would it be better to use a schematic. 
The figure was removed from the text. 

15-) Line 86: The selection of wafers to test at FNAL was largely random. However, we 
did take care to choose a few wafers where Sintef had determined that one or more 
wafers was bad. It may be simplest to indicate that the selection was random. The 
sentence was changed as follows (Lines 82-83 in the new version): 
 



To minimize damage to wafers during handling and to complete probing measurements 
in a reasonable period, 5-10 wafers per shipment were randomly selected. 
16-) Line 131: At FNAL the sensor n-sides were in direct contact with the chuck. WHY? 
For our first attempts we used a conductive rubber mat between wafers and the chucks. 
However, we found that the wafers were not as flat on the mat as they were when in 
direct contact with the chuck; ultimately we gave up on the conductive rubber in order to 
assure the flatness of the wafers. We included the following sentence into the text. 
 
(Lines 127-128 in the new version): 
In order to assure the flatness of the wafers the sensor n-sides were in direct contact with 
the chuck at FNAL. 
 
 
 
17-) Line 135: “the” was added before “foundry's own measurements” as suggested (Line 
135 in the new version): 
 
According to the foundry’s own measurements, there were 1265 good sensors out of the 
1320 sensors, corresponding to 96% yield. 
 
18-) Line 143: The sentence was modified as follow: 
 
(Lines 138-139 in the new version): 
In conclusion, the FNAL results confirmed the foundry results, which were good enough 
to assure that the sensors were appropriate for bump bonding. 
19-) Line 143: As a result, we found that the fabricated silicon sensors were good to be 
used in the CMS detector as there was not much difference between FNAL and the 
foundry tests. 
Really good enough to bump bound? 
 
Yes. There were many issues with the flex hybrids in the FPIX construction program but 
the only sensor-related issue involved the last batch (batch E) and this was only flagged 
during module noise studies. The FNAL results confirmed the Sintef results, which were 
good enough to assure that the sensors were appropriate for bump bonding. The 
following explanation was included into text: 
 
(Lines 138-139 in the new version): 
In conclusion, the FNAL results confirmed the foundry results, which were good enough 
to assure that the sensors were appropriate for bump bonding. 
 
 


