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Virgo cluster, 1185 exposures combined (7 nights), 25 deg2, Rubin Observatory First Look, June 2025

https://rubinobservatory.org/gallery/collections/first-look-gallery


https://skyviewer.app
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HOW WE USE dCache
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RUBIN INSTANCE OVERVIEW
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installed net capacity: 32 PB 
97 disk pools, 500+ TB gross each, single 10 or 25 Gbps NIC 

dedicated VLAN 
2 webDAV doors devoted to inter-site data exchange 
2 webDAV doors to serve requests by local batch jobs
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RUBIN INSTANCE OVERVIEW (CONT.)
◦ Production version: mix of dCache v10.2.14 and v10.2.23 
◦ Usable capacity: 32 PB 

planned growth of about 10 PB per year for 10 years 

◦ External doors use secure HTTP to redirect external clients to pools 
all inter-site transfers use end-to-end confidential channels 
currently using X.509 proxy certificates, preparing introduction of OIDC tokens 

◦ Internal doors use plain HTTP 
significant reduction of CPU load on the doors, pools, and clients: reduced total service time highly beneficial, in 
particular for metadata requests (more on this later) 
establishing a TCP connection over the LAN takes 0.5ms, to be compared to TLS which takes ~20ms 
currently using HTTP basic authentication for production jobs, humans use either bearer tokens or X.509 proxies 
tokens not usable with plain HTTP 

◦ Full flash, highly available Postgres database 
current data volume: 650 GB
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RUBIN INSTANCE OVERVIEW (CONT.)

12k CPU threads

number of CPU threads in the local Slurm batch farm 
executing Rubin payloads which induce load on dCache 

(march 2026)
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RUBIN INSTANCE OVERVIEW (CONT.)

Aggregated network throughput over all dCache nodes 
observed during the execution of some stage of the Rubin 

image processing pipeline

egress 35 GB/s
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RUBIN INSTANCE OVERVIEW (CONT.)

ingress 10 GB/s

Aggregated network throughput over all dCache nodes 
observed during the execution of some stage of the Rubin 

image processing pipeline
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CLIENT
◦ Support for RFC 4918 WebDAV developed and maintained by 

CC-IN2P3 
Python, on top of urllib3, thread-safe, compatible with fsspec for 
reading 
WebDAV compliance class 1 is sufficient, we don’t use LOCK 

both X.509- and token-based client identification 
installable via the Python Package Index, can be used independently of 
the Rubin software stack 
further details https://pipelines.lsst.io/modules/lsst.resources/ 

http://www.webdav.org/specs/rfc4918.html
https://urllib3.readthedocs.io
https://filesystem-spec.readthedocs.io
https://pypi.org/project/lsst-resources/
https://pipelines.lsst.io/modules/lsst.resources/
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CLIENT (CONT.)

Rubin requires to be able to make 
partial reading of files (e.g. zip, 

parquet, FITS)
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Usage profile of Rubin’s dCache instance differs from WLCG’s, 
in terms of both number of files and access patterns: 

many files of relatively small size O(100 MB)
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UPDATES SINCE LAST WORKSHOP
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ARCHIVAL OF RAW IMAGES ON TAPE
◦ Daily CC-IN2P3 receives a copy of recently 

unembargoed raw images 
for both custodial storage and later processing 
imported from the observatory’s archive center located at SLAC 

◦ We set the QoS of precious files to ”disk+tape” via 
dCache’s frontend API 
which triggers a copy to tape (HPSS) 
this has been working smoothly since activated 9 months ago 
currently performed once per day
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CONFIGURATION OF HAPROXY
◦ Rubin software induces significant load on the doors, in particular because 

it issues many metadata requests 
typical aggregated load on the doors is about 1.5k requests per second during periods of intense activity 
(to be compared to 200 requests per second served by the WLCG instance) 

◦ We were using DNS round robin for balancing load among the internal 
doors 
updated every 5 minutes 
this configuration means that basically, at any given time, only one door was serving most of the requests 

◦ Introduced HAProxy to simultaneously use the capacity of all the available 
webdav doors 
one HAProxy daemon colocated with each door proxies requests to any of the dCache doors using a 
round robin policy 
achieved better utilization of all the available internal webdav doors
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CREATION OF A DEEP HIERARCHY
◦ Rubin uses deep file hierarchies 

a typical file name is of the form 
/pnfs/in2p3.fr/lsst/a/b/c/d/e/f/g/h/i/j/k/l/m.fits 

◦ A previous version of Rubin software systematically verified the 
existence of all the ancestors before uploading a file 
via a combination of several PROPFIND + MKCOL requests 
now modified to avoid that check: when a deep hierarchy is required, many MKCOL 
requests are replaced by exactly two requests, both handled by the door:  
           PUT empty file with a temporary name + DELETE temporary file 
as a beneficial side effect, all the ancestor directories are automatically created if needed 
see issue #7945 for a discussion about a possible extension of MKCOL implementation 
to reduce this operation to a single request

https://github.com/dCache/dcache/issues/7945
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ATOMICITY OF FILE CREATION
◦ To emulate atomicity of file creation, every file upload is 

implemented via two requests: 
   ➊ PUT the file content with a temporary name 
   ➋ MOVE the temporary name to its final name 
in reality, these operations imply three requests: one PUT request to the door, 
one PUT request to the pool and one MOVE request served by the door 

◦ This helps in situations when, for some reason, the upload 
operation fails 
e.g. the door created the (empty) file but uploading the file content to the pool 
fails 
Rubin software was confused by finding files with unexpected content
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TLS CONNECTION REUSE
◦ Our previous configuration used secure HTTP for connections from the client 

to the internal door and plain HTTP for connections to the pools 
previously we configured the client to reuse the TLS connections to the door 
the connection to the pool is systematically closed after GET and PUT to release the movers (except 
when doing GET with Range header) 

◦ We noticed that it was actually not possible for the client to reuse the TLS 
connection to the door after some kind of requests (e.g. DELETE, GET, HEAD, 
…) 
see issue #8005 for details about our not-fully-understood observations 

◦ We modified our configuration of the doors to use TCP connections instead 
using basic HTTP authentication 
the client requests the connection to the door to be closed after each request is served 
so far this has proven to be a good balance between the number of open connections to the doors and 
the load induced on the doors: we routinely observed 50k network connections open to a each door 

https://github.com/dCache/dcache/issues/8005
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TUNING THE DOORS FOR METADATA REQUESTS
◦ In our case, webdav doors redirect to the pools for 

PUT and GET requests and serve all metadata 
requests 
PROPFIND, MKCOL, HEAD, MOVE, DELETE, … 

◦ We spent some time trying to understand the 
parameters to tune the doors 
our goal was to serve as many metadata requests as possible, ideally 
keeping the p95 of the service time per request not higher than 50ms
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TUNING THE DOORS FOR METADATA REQUESTS (CONT.)

https://link.springer.com/article/10.1007/s41781-025-00152-5
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TUNING THE DOORS FOR METADATA REQUESTS (CONT.)
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TUNING THE DOORS FOR METADATA REQUESTS (CONT.)

Should we instead add 
more webdav doors to 
increase our capacity 

to serve metadata 
requests?



ONGOING WORK
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BULK DELETION
◦ We must be able to regularly delete files in bulk 

at the latest  at the end of each annual reprocessing campaign but ideally even in the middle of an ongoing campaign 
e.g. intermediate files generated for consumption by a downstream stage in the pipeline which already completed 
we estimate the amount of files generated by each annual campaign to be stored in dCache to be of the order of 
several hundred millions, most of which we need to delete to make room for the next campaign 

◦ Naive attempt: webdav client recursively retrieves the content of each directory 
and emits one DELETE request per file to delete and per empty directory 
it works but takes time and feels like not that door-friendly 
via a NFS mount removing several directories in parallel is faster to execute 

◦ We started investigating the possibilities of dCache’s frontend API for bulk delete 
operations 
see issue #8062 for details on our attempts: some limit related to parameter bulk.limits.dir-list-semaphore 
reached and a single delete request involving too many files and directories makes the request to stall 
submitting several requests with the “right number” of items to delete works, though 

◦ Does any other site have experience or best practice to share?

https://github.com/dCache/dcache/issues/8062


CONCLUSIONS
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CONCLUSIONS
◦ dCache is a key tool in the infrastructure that CC-IN2P3 

deployed for processing Rubin image data 

◦ It has been working very well for us and we intend to 
continue using for the years to come 
currently working on fine tuning our system to respond to the specific needs of 
Rubin and adjusting the behavior of Rubin software for it to be as friendly as 
possible with its storage endpoints 

◦ Many thanks to the dCache team and to the community 
of dCache users



BACKUP SLIDES
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RUBIN OBSERVATORY LEGACY SURVEY OF SPACE AND TIME

raw images
science-ready images

astronomical catalog

LSST aims to deliver a catalog of 20 billion 
galaxies and 17 billion stars with their 
associated physical properties

alerts

science 
collaborations
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LSST OVERVIEW

main mirror ⌀ 8.4 m (effective 
6.4 m) | large aperture: f/1.234 
| wide field of view | 350 ton | 
compact | to be repositioned 
about 3M times over 10 years 
of operations

southern hemisphere | 2647m 
a.s.l. | stable air | clear sky | 
dark nights | good infrastructure

OBSERVATORY
CAMERATELESCOPE

3.2 G pixels  | ⌀ 1.65 m  |  
3.7 m long  |  3 ton | 3 
lenses  | 3.5° field of view  | 
9.6 deg2 | 6  filters ugrizy | 
320-1050 nm

Source: LSST: from Science Drivers to Reference Design and Anticipated Data Products

https://arxiv.org/abs/0805.2366




Source: Rubin Observatory



Source: Rubin Observatory



Raw data 
6.4 GB per exposure (compressed) 
2000 science + 500 calibration images 
per night 
16 TB per night 
300 nights per year, ~5 PB per year 

Aggregated data over 10 
years of operations*, including 
derived data 

image collection: ~6M exposures 
final catalog database: 15 PB

* source: LSST Key Numbers

https://www.lsst.org/scientists/keynumbers


Credit: Rubin Obs/NSF/AURA/H. Stockebrand




