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Introduction:

• CMS ECAL Laser Monitoring system as it is now (responsibility of Saclay)
• Performance during run 1 and run 2
• CMS ECAL Laser monitoring upgrade for phase 2: changes foreseen

Proposed work during the postdoc:

• Proposed work
• Work environment/Saclay group
• Contract conditions/duration
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Monitoring and correcting variations with laser 
in abort gaps during data taking:
• Laser light injection in each crystal every 40 minutes
• Light also injected in PN diodes 
• ECAL signals compared event by event to PN ones
• Energy corrections derived from the ratio, with the 

relative response to laser light (R/R0) and 
electromagnetic showers (S/S0) linked α

Simple in principle but:
• Needs per mil precision level in order to preserve the 

intrinsic excellent energy resolution of ECAL
• For a large amount of channels (about 75000)
• Needs to work permanently and deliver corrections   

at most 48h after the data taking (for the “prompt” 
reconstruction of data)

Laser 

S/S0 = (R/R0)α

39 

 
 

Figure 39. Irradiation with 120 GeV electrons and recovery for a single PbWO4 crystal (SM10):   (a) upper 
curve shows APD response to laser injection at 440 nm (blue laser), and lower curve shows response to 120 
GeV electrons; (b) plots the signal response S/S0 against the laser response R/R0 for the same data, where the 
line shows the fit for Į = 1.6.  
 

5.5. LHC-type irradiation test and crystal transparency energy correction. 
 
Changes in the crystal transparency due to radiation damage do not affect the amplitude of the 
APD signal S for an electromagnetic shower in exactly the same way as it affects the APD 
signal for injected laser pulses R. This is principally due to different mean light paths in the 
two cases. The effect can be seen in Fig. 39a, shown previously in [26], where single crystal 
relative responses to both 120 GeV electrons S/S0 (measured in low intensity electron runs) 
and to injected laser light from the monitoring system R/R0 (measured in alternated laser 
runs) are plotted during an irradiation run at 0.15 Gy/h. The measurements were taken both 
during irradiation phase ending at 15 hrs in the figure, and during the subsequent recovery 
phase. The initial values S0 and R0 correspond to measurements taken prior to the irradiation. 
The relationship between the two responses can be modeled for small variations as  
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The excellent agreement between this description and the data can be seen in Fig. 39b, where 
a fitted slope of Į = 1.6 is superimposed on the data. Data taken during irradiation and 
recovery phases follow the same slope. Typical fit precision is 3%, and the intrinsic 
dispersion for the crystals is deduced to be about 6%. At LHC this relationship allows the 
monitoring system to correct for transmission losses. Thus for crystals showing a decrease in 
signal size of 5% a single value of Į can be used to correct the loss, with a precision of 0.3%. 
 
 
6. Summary 
 
A multiple wavelength laser monitoring system for the CMS ECAL has been designed and 
constructed: the monitoring light source, diagnostics, and high level distribution system at 
Caltech and the calorimeter light distribution system, reference PN photodiode system, and 



CMS ECAL Laser Monitoring system

19/05/2022 Group meeting 4

Monitoring and correcting variations with laser 
in abort gaps during data taking:
• Laser light injection in each crystal every 40 minutes
• Light also injected in PN diodes 
• ECAL signals compared event by event to PN ones
• Energy corrections derived from the ratio, with the 

relative response to laser light (R/R0) and 
electromagnetic showers (S/S0) linked α

Simple in principle but:
• Needs per mil precision level in order to preserve the 

intrinsic excellent energy resolution of ECAL
• For a large amount of channels (about 75000)
• Needs to work permanently and deliver corrections   

at most 48h after the data taking (for the “prompt” 
reconstruction of data)

Fig. 2.1: Sketch of the ECAL laser monitoring system.

optical path but placed in the detector before the laser light injection in the crystal. The
comparison of these two quantities defines the crystal transparency measurement.

2.1.1 Lasers

The light is produced by a system of lasers with different sources installed in the CMS
underground service cavern USC55. Until 2011, there were two different sources with
wavelengths 440 nm (quantronics blue laser) and 800 nm (red laser), and other sources
were added in 2012: with wavelengths 447 nm (photonics blue laser) and 527 nm (green
laser). For run 2, only a blue (447 nm) and a green lasers were used. The blue wavelength
is the closest to the emission peak of scintillation light, it is thus used to monitor the
crystal transparency. The color centers created by radiation being located in the blue, other
wavelengths are less sensitive to transparency variations and are thus useful to lift the
degeneracies between response changes due to transparency losses and the ones due to
other reasons such as variations of the electronics gain. The laser pulse energy (1 mJ with 69
dB attenuation in the distribution system) and the pulse width (<40 ns) are chosen to be in
the proper energy range and match the ECAL readout. The pulse rate is about 100 Hz and its
jitter about 2 ns. As it will be discussed in details in section 2.2, the laser stability is important
to have precise transparency corrections, since instabilities can introduce systematic effects
in the measurement. The photonics laser installed since 2012 is much more stable than the

16 Chapter 2 The ECAL Laser Monitoring (LM)

• Light produced by a system of lasers
• Light distribution via a multi-level optical fiber 

distribution system
• Laser pulse shape monitored by a fast ADC 

(MATACQ)
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Fig. 2.13: Precision achieved with 2010 data, all channels shown together.

(a) In the barrel. (b) In the endcap.

Fig. 2.14: Top: Relative response to laser light (440 nm in 2011 and 447 nm from 2012 onwards)
injected in the ECAL crystals, measured by the ECAL laser monitoring system, averaged
over all crystals in bins of pseudorapidity. Bottom: instantaneous LHC luminosity delivered
during this time period.

28 Chapter 2 The ECAL Laser Monitoring (LM)

LM transparency corrections: Run1 + Run 2 Applied to physics events: 
EECAL/ptracker with electrons in 2012 data

• Damage/recovery during LHC cycles evident

• Response change up to 10% in the barrel, up to 
50% at |𝛈|∼ 2.5

Fig. 2.17: Effect of the LM correction on the Z mass distribution in 2012 data.

(a) In the barrel. (b) In the endcap.

Fig. 2.18: E/p history from electrons for 2012 data, before corrections in red, and after corrections
in green.

(a) In the barrel.

(b) In the endcap.

2.3 Application to physics events 31

with LM correction

without LM correction

Stable energy scale after corrections
Expected precision
Crucial system for Higgs to 2 photons 
mass resolution
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ECAL phase II:
• Crystals and APD kept
• New readout electronics (VFE card CATIA responsibility 

of Saclay as well)

Laser monitoring phase II (Saclay):
• Keep optical fibers
• New PN diodes
• New charge pre-amplifier ASIC (MONACAL)
• New modules (called HL-MEM (sending signals off-

detector) and HL-FEM (diode readout)) to read the 
generated signals and integrate them in the DAQ 
system

• New board (“LMB”) to control the LASER and monitor 
the pulses (replaces MATACQ and EMTC) 

Fig. 2.1: Sketch of the ECAL laser monitoring system.

optical path but placed in the detector before the laser light injection in the crystal. The
comparison of these two quantities defines the crystal transparency measurement.

2.1.1 Lasers

The light is produced by a system of lasers with different sources installed in the CMS
underground service cavern USC55. Until 2011, there were two different sources with
wavelengths 440 nm (quantronics blue laser) and 800 nm (red laser), and other sources
were added in 2012: with wavelengths 447 nm (photonics blue laser) and 527 nm (green
laser). For run 2, only a blue (447 nm) and a green lasers were used. The blue wavelength
is the closest to the emission peak of scintillation light, it is thus used to monitor the
crystal transparency. The color centers created by radiation being located in the blue, other
wavelengths are less sensitive to transparency variations and are thus useful to lift the
degeneracies between response changes due to transparency losses and the ones due to
other reasons such as variations of the electronics gain. The laser pulse energy (1 mJ with 69
dB attenuation in the distribution system) and the pulse width (<40 ns) are chosen to be in
the proper energy range and match the ECAL readout. The pulse rate is about 100 Hz and its
jitter about 2 ns. As it will be discussed in details in section 2.2, the laser stability is important
to have precise transparency corrections, since instabilities can introduce systematic effects
in the measurement. The photonics laser installed since 2012 is much more stable than the

16 Chapter 2 The ECAL Laser Monitoring (LM)

• Light produced by a system of lasers
• Light distribution via a multi-level optical fiber 

distribution system
• Laser pulse shape monitored by a fast ADC 

(MATACQ)
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1. Definition of the integration of the new LM components in the existing ECAL super-modules (SM) and LM system. The 
installation procedure will have to be defined on the spare SM “SM36” (SM36 will be used also to test the integration and 
performance of other developments like CATIA for example with the upcoming November 2022 test-beam at CERN). This 
work should take a few months only and will require to interact with the ECAL technical coordination, the ETH group for the 
installation, and the various actors in Saclay, including the group involved in mechanics and cooling studies. The candidate 
will acquire a deep knowledge of the ECAL and its LM system as well as the ECAL community, with several trips at CERN. 

2. Definition of the new LM data acquisition. The full data acquisition chain will have to be revisited for phase 2: from the 
data format to the laser monitoring software. This will require software development on one side, and interacting with 
people responsible of the firmware to define the needs on the other side. Interacting with many groups will thus again be 
needed, including with the DAQ group at CERN, but also the HLT and the Tier0. 

3. Definition of the procedure to (inter-)calibrate the ECAL timing with LM data and its automatization. For phase 2, the 
timing resolution will be significantly improved (from about 120 ps currently to less than 50 ps) and the timing information 
from ECAL and from other sub-detectors will allow to reduce the impact of increased PU drastically. The laser data will be 
used to monitor the timing in the ECAL and to intercalibrate channels. This timing calibration will have to take into account
the transparency losses and pulse shape changes. The spare SM36 could be used to take laser data to validate the 
procedure, once defined, and assess its precision.



réduction et la connaissance du bruit 
de fond di-photon et l’optimisation de la 
résolution sur la mesure de l’énergie des 
photons. Le groupe a fortement participé 
au développement et à l’optimisation 
des algorithmes de cette analyse en 
plus du travail sur l’optimisation de la 
résolution du ECAL pour aboutir à la 
découverte d’une nouvelle particule de 
masse 125 GeV par CMS en 2012 qui 
a toutes les caractéristiques du boson 
de Higgs du MS.
Depuis cette découverte, le groupe a 
étendu son champ d’investigation sur 
la physique du boson de Higgs dans 
OŖÜWDW�ıQDO�Ç�GHX[�SKRWRQV��GRQW�LO�D�
assuré la coordination dans CMS. Il a 
HĳHFWXÜ�XQH�ÜWXGH�SRXU�FRQWUDLQGUH�
les couplages anomaux du boson de 
Higgs aux bosons de jauge avec les 
données du run 1 en exploitant le canal 
de production dit de fusion de boson 
vecteur (VBF). Il a entrepris la recherche 
de la production du boson de Higgs en 
association avec une paire de quarks 

top (ttH). Avec les données de 2016 il 
D�SX�REWHQLU�XQH�YDOHXU�GX�SDUDPÛWUH�Ƒ�
de 2,2 (+ 0,9 / – 0,8),  correspondant 
Ç�XQ�H[FÛV�GH�����GÜYLDWLRQV�VWDQGDUG�
par rapport à l’hypothèse de l’absence 
de production ttH et compatible aux 
prédictions du MS à 1,6 déviation stan-
GDUG�SUÛV��(QıQ��OH�JURXSH�D�ÜJDOHPHQW�
HĳHFWXÜ�XQH�UHFKHUFKH�GH�SURGXFWLRQ�
résonante et non-résonante de paires de 
ERVRQV�GH�+LJJV�GDQV�OŖÜWDW�ıQDO�DYHF�
deux photons et deux jets de quark b. 
Un bon accord est observé entre les 
données du run 1 et les prédictions du 
MS et de même avec les premières 
données du run 2. Des contraintes 
VXU�OHV�VHFWLRQ�HĴFDFHV�GH�SURGXFWLRQ�
non-résonante de paires de bosons 
de Higgs dans le cadre du MS ainsi 
que celles concernant la production 
de nouvelles particules dans le cadre 
de modèles BSM ont pu être déduites.

RECHERCHES BSM
Jusqu’à présent aucune nouvelle 
particule prédite par les modèles BSM 
n’a été observée, ce qui a permis de 
contraindre ces modèles. Dans le cadre 
d’une extension dite droite-gauche du 
MS, le groupe a entrepris la recherche 
de la production résonante d’un boson 
W droit qui se désintègre en un neutrino 
droit et un lepton (électron ou muon) 
DERXWLVVDQW�Ç�XQ�ÜWDW�ıQDO�DYHF�GHX[�
leptons de même saveur et deux jets. 
À partir des données de 2016, des 
contraintes ont pu être mises sur la 
VHFWLRQ�HĴFDFH�GH�SURGXFWLRQ�GŖXQ�
boson W droit en fonction de sa masse 
HW�GHV�UÜJLRQV�GDQV�OH�GRPDLQH�GÜıQL�
par la masse du boson W droit et la 
masse d’un neutrino droit ont pu être 
exclues. Le groupe s’est engagé dans 
la recherche de particules supersymé-
WULTXHV�GDQV�GHV�ÜWDWV�ıQDOV�PXOWL�OHS-
toniques. Aucune de ces nouvelles 
particules n’a pu être observée avec 
les données de 2016. Ces résultats 
ont été interprétés dans le cadre de 
PRGÛOHV�VXSHUV\PÜWULTXHV�VLPSOLıÜV�HW�
SOXVLHXUV�GRPDLQHV�GDQV�OHV�GLĳÜUHQWV�
HVSDFHV�GÜıQLV�SDU�OHV�PDVVHV�GH�FHV�
SDUWLFXOHV�RQW�SX�ÝWUH�H[FOXV��(QıQ�OH�
groupe s’est également engagé dans la 
recherche de particule de matière noire, 
commencée avec les données du run 
1 à l’aide d’événements mono-photon 
et poursuivi avec les données de 2016 
à l'aide d’événements mono-jet ou bien 
mono W ou Z se désintégrant de manière 
hadronique. Ces recherches ont permis 
de contraindre les paramètres d’un 
modèle de dimensions supplémentaires 
qui peut fournir une particule scalaire 
candidate à la matière noire.

REFONTE DU DÉTECTEUR
Le groupe de Saclay (DPhP avec une 
très forte contribution du DEDIP) participe 
aussi aux études nécessaires pour 
GÜıQLU�OHV�DPÜOLRUDWLRQV�GLWHV�GH�SKDVH�

deux du détecteur en vue de la phase à 
haute luminosité du LHC (HL-LHC). Il se 
concentre sur les projets d’amélioration 
de la calorimétrie de CMS à savoir le 
calorimètre électromagnétique baril (EB) 
et sur les calorimètres bouchons à très 
haute granularité (HGCAL) adoptés en 
2015 par CMS ainsi que sur le projet de 
détecteur de timing pour les particules 
au minimum ionisant (MTD) adopté en 
������&RQFHUQDQW�OH�(%��OHV�HĳRUWV�GX�
groupe se concentrent sur la refonte et 
l’amélioration de l’électronique frontale 
et l’amélioration du système de moni-
torage laser qu’impose cette refonte. 
/HV�GÜıV�Ç�UHOHYHU�FRQFHUQHQW�OŖDXJ-
PHQWDWLRQ�VLJQLıFDWLYH�GH�OŖHPSLOHPHQW��
OŖDXJPHQWDWLRQ�VLJQLıFDWLYH�GX�QRPEUH�
de hadrons interagissant directement 
avec l’APD causant un dépôt d’énergie 
anormal très grand et très localisé 
HW�HQıQ�OŖREWHQWLRQ�GŖXQH�H[FHOOHQWH�
résolution en temps de vol. Le groupe 
a proposé une solution dite numérique 
DYHF�XQ�DPSOLıFDWHXU�WUDQV�LPSÜGDQFH�
�7,$���XQ�ıOWUH�SDVVH�EDV�HW�XQ�$'&�
avec une fréquence d’échantillonnage 
élevée. Cette solution est la solution de 
base de CMS. Un premier prototype 
d’ASIC TIA a été soumis en 2016. Les 
mesures en laboratoire et en faisceau 
test ont eu lieu en 2016 et 2017. Les 
premiers résultats, intégrés au TDR 
soumis au LHCC en novembre 2017, 
sont encourageants et montrent des 
performances conformes aux simula-
WLRQV��&RQFHUQDQW�OH�+*&$/��OHV�HĳRUWV�
se concentrent sur le déclenchement 
de niveau 1 et l’électronique backend 
(BE) associée ainsi que sur le système 
de distribution de l’horloge du LHC. Le 
groupe développe également la partie 
TDC-TOA de l’électronique frontale de 
HGCAL conçue par le groupe OME-
GA de l’École Polytechnique avec un 
premier prototype soumis à l’été 2017. 
S’agissant du déclenchement de niveau 
���OH�JURXSH�SDUWLFLSH�Ç�OD�GÜıQLWLRQ�GHV�
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LÉGENDES PHOTOS
[1]  Évolution entre 2011 et 2017 de la transparence des cristaux 

du calorimètre électromagnétique de CMS mesurée par 
le système de monitorage laser développé à Saclay (en 
haut) comparée à celle de la luminosité du LHC (en bas).

[2]  Résultat de l’ajustement simultané pour les sections 
LɉJHJLZ�[[>�L[�[[A��PUKPX\t�WHY�S»t[VPSL���H]LJ�ZLZ�JVU[V\YZ�
n����L[� ����KL�UP]LH\�KL�JVUÄHUJL��n�NH\JOL��±�KYVP[L��
sections efficaces mesurées individuellement, avec 
SLZ�PU[LY]HSSLZ�n����L[� ����KL�UP]LH\�KL�JVUÄHUJL��L[�
prédictions théoriques avec leur incertitude respective 
WV\Y�[[>�L[�[[A�

[3]  Physique du boson de Higgs dans le canal diphoton. 
7HYHTu[YL�ɤ�KL�YtZPZ[HUJL�TLZ\Yt�WV\Y�JOHX\L�WYVJLZZ\Z�
�WVPU[Z�UVPYZ��JVTWHYt�H\�WHYHTu[YL�ɤ�NSVIHS�K\�ZPNUHS�
(bande verte) et à la prédiction du MS (ligne rouge pointillée).

primitives de déclenchement pour les jets et 
l’implémentation de ces primitives dans le BE. Les 
premières études ont portés sur les algorithmes 
GH�FOXVWHULVDWLRQ��'��6ŖDJLVVDQW�GX�V\VWÛPH�
de distribution d’horloge, un des objectifs est 
d’obtenir une synchronisation rapide avec une 
précision de l’ordre de 10 ps pour atténuer les 
HĳHWV�GH�OŖHPSLOHPHQW�HW�GÜWHUPLQHU�GH�PDQLÛUH�
précise la localisation des vertex d’interaction. 
La R&D sur ce système a débuté à l’aide d’un 
banc de test, mis au point à Saclay en étroite 
concertation avec le groupe ESE-BE du Cern, 
émulant la chaîne électronique du détecteur et 
permettant d’évaluer le système actuel. Cette 
R&D devrait permettre de choisir entre une 
option intégrée ou séparée pour l’arbores-
cence de distribution. Elle devrait également 
permettre de déterminer le type de contrôle 
et de monitorage à développer pour la phase 
de l’horloge. Concernant le MTD, le groupe 
CMS de l’Irfu se concentre sur le système de 
GLVWULEXWLRQ�GŖKRUORJH�GRQW�OD�5	'�WLUH�SURıW�GH�
FHOOH�HĳHFWXÜH�SRXU�+*&$/�FL�GHVVXV�DYHF�OH�
même objectif de précision. 
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• CMS group in saclay is currently composed of 11 physicists, 3 PhD students and 1 postdoc:
Chiara Amendola, Marc Besancon, Fabrice Couderc, Marc Dejardin, Federico Ferri, Serguei Ganjour, Philippe Gras, Gautier 
Hamel de Monchenault, Victor Lohezic, Julie Malcles, Jelena Mijuskovic, Andre Rosowsky, Ozgur Sahin, Polina Simkina, Maxim 
Titov
• The group has been involved in the ECAL design, construction and calibration since the very beginning. In particular, the

ECAL laser monitoring system was designed in Saclay. The group had many responsibilities related over the years, including 
System Manager, Detector Performance Group convenership, …

• The group is also historically strongly involved in the Higgs to 2 photons decay channel,
again with two convenerships

• We do participate to the upgrade for several aspects:
• ECAL VFE (CATIA chip)
• ECAL laser monitoring upgrade
• MTD clock (RAFAEL chip + system tests) and DAQ
• HGCal clock (RAFAEL chip + system tests) and TDC (HGRoc TOT and TOA)

• The team of physicists is completed by a very strong team of engineers for the 
detector design 
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• CEA Saclay is located on the new campus of the Paris-Saclay university
• CEA (“Commissariat à l’énergie atomique”) Saclay was created just after the second world war to for nuclear research
• Big center with several thousands employees working on diverse topics from energy to biology…
• Irfu is an institute of CEA dedicated to fundamental research, including several labs: astrophysics, nuclear physics, 

particle physics, etc, for a total of about 600 employees.
• The lab you will be working on is called “DPhP” for “Département de physique de particules”. It covers particle physics 

with for ATLAS, T2K and future long baseline experiment but also other topics like cosmology (DESI) or gravitationnal 
waves (LISA).

• CEA is 1 hour from Paris by public transportation approximately (RER-B + Bus). It is in Gif-Sur-Yvette, not far from 
“Vallée de Chevreuse”, with many natural sites.



Contract conditions/duration

19/05/2022 Group meeting 10

Contract conditions:
• Needs at least a PhD thesis to apply
• Contract is expected to tart in 2022
• Two years contract, renewable for one additional year
• The successful candidate will be based at CEA-Saclay with opportunities to visit CERN regularly
• Income will depend on your experience. The monthly salary, with no experience after the PhD at all, is expected 

to be about 2200 euros /month after taxes are deduced (effective salary) and range up to 2500 euros or more 
with experience

• For missions at CERN,  there is extra money to cover the expenses of the hotel and meals

How to apply:
Interested candidates should send:
• a CV;
• A cover letter and research statement;
• two recommendation letters;
to the following address: julie.malcles@cea.fr. The review of applications will start on May 15th 2022 and will 

continue until the position is filled.

Link on inspire:
https://inspirehep.net/jobs/2070919

mailto:julie.malcles@cea.fr
https://inspirehep.net/jobs/2070919

