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LANL Overview



• LANL members

‣ Staff members: Xuan Li, Matthew Durham, Cesar Luis Da Silva, Ming Liu, Yasser Corrales Morales, 

‣ Postdoc: Kei Nagai


• Working on

‣ Silicon tracker

‣ Beam-gas background

LANL members for EIC
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• Heavy flavor hadron and jet measurements at EIC can help solve the following science problems 
and play a significant role in exploring: 

‣ Nuclear modification on the initial nuclear Parton Distribution Functions (PDFs) especially in the 

high and low Bjorken-x ( ) region. 


‣ Parton energy loss:  
Final state parton propagation inside the nuclear medium and 
hadronization processes in vacuum and nuclear medium 

xBj

Heavy Flavor Measurement
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Heavy flavor measurements can enrich the EIC physics program
• Heavy flavor hadron and jet measurements at the future EIC can help study 

its science focuses and play a significant role in exploring
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• Nuclear modification on the initial nuclear Parton Distribution 
Functions (nPDFs) especially in the high and low Bjorken-x 
(xBJ) region.
• Final state parton propagation inside nuclear medium and 

hadronization processes in vacuum and nuclear medium.

Nuclear modifications to the gluon distribution

• At large-x nCTEQ15 uncertainty wider than EPPS16 (receiving constraints from dijet data)

• At small-x, true gluon uncertainty larger than from nCTEQ15 due to parametrisation bias. 
This was already pointed out in arXiv:1012.1178. Happens to agree well with heavy quark 
data from p-Pb collisions at the LHC.

• In DSSZ11 almost no nuclear effects in the gluon (nuclear effects were included in the FF 
in their analysis of RHIC pion data) and unrealistically small uncertainty band

Nuclear PDFs Today

1. State of the art 2018
A proper description of hard processes in high-energy collisions involving nuclei — whether

they take place in laboratory circumstances or in nature — requires knowledge of nuclear parton
distributions (PDFs). Table 1 summarizes the latest available global analyses for these objects.
The situation has been quite static for almost two years now, the most recent parametrizations
being nCTEQ15 [1] and EPPS16 [2]. Datawise, EPPS16 is the most comprehensive including
e.g. LHC Run-I p-Pb data on dijets and electroweak bosons, as well as data on neutrino-nucleus
deeply-inelastic scattering. On the theory side, the analyses at an NNLO precision are emerging
and the heavy-quark effects are being taken into account, i.e. the PDFs are defined in general-mass
variable flavour number schemes (GM-VFNS). For a long time, the light-quark flavour dependence
was essentially neglected in the nuclear-PDF analysis, but now we are also making progress there
and beginning to fold out the nuclear PDFs truly flavour by flavour.

Table 1: Key specifications of contemporary nuclear-PDF analyses

EPS09 [3] DSSZ12 [4] KA15 [5] NCTEQ15 [1] EPPS16 [2]
DIS in `�+A X X X X X

Drell-Yan in p+A X X X X X
RHIC pions d+Au X X X X

n-nucleus DIS X X
Drell-Yan in p+A X
LHC p+Pb dijets X
LHC p+Pb W, Z X

Order in as NLO NLO NNLO NLO NLO
Q cut in DIS 1.3GeV 1GeV 1GeV 2GeV 1.3GeV
datapoints 929 1579 1479 708 1811

free parameters 15 25 16 16 20
error tolerance 50 30 N.N 35 52
proton baseline CTEQ6.1 MSTW2008 JR09 CTEQ6M-like CT14NLO

GM-VFNS X X X
flavour separation valence valence + sea

Let us have a look on the most recent NLO extractions. To this end, Figure 1 presents a
comparison of the PDF nuclear modifications RA

i (x,Q
2) defined as ratios between the free- and

bound-proton PDFs,

RA
i (x,Q

2)⌘ f proton in nucleus A
i (x,Q2)/ f free proton

i (x,Q2) , (1.1)

from EPPS16, nCTEQ15 and DSSZ12. Valence Quarks: In the EPPS16 and nCTEQ15 analyses
the up- and down-valence quarks were independently parametrized. Whereas in EPPS16 the cen-
tral values for u and d come out mutually similar — thanks e.g. to the neutrino-Pb DIS data — in
nCTEQ15 the up valence has a very strong high-x EMC effect, while the down-valence is enhanced
at large x. Within the uncertainty bands, however, EPPS16 and nCTE15 are still consistent. In the
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Nuclear PDFs Today

DSSZ12 analysis there was no flavour freedom, and thus the uncertainties are artificially much
smaller. Sea Quarks: In the EPPS16 analysis the three light sea-quark flavours (u,d,s) were inde-
pendently parametrized while in nCTEQ15 and DSSZ there is no such freedom. Thus the EPPS16
uncertainties are larger, but on the other hand there is less bias. The largest uncertainties are there
for the strange quarks, for which the constraints are rather scarce. Currently the best constraints for
the strange come from the Z-boson production at the LHC where there is around 20% contribution
from ss scattering at midrapidity, as illustrated in the leftmost panel in Figure 2. Gluons: At large
x, the nCTEQ15 uncertainty bands are wider than those of EPPS16. This is principally due to the
LHC dijet data included in the EPPS16 analysis, leading to a better constrained large-x gluon. At
low x, the nCTEQ15 uncertainties are smaller, which is probably just related to the form of the fit
functions — I will elaborate more on this below. In DSSZ12 there are practically no nuclear effects
in gluons, as the authors assumed nuclear modifications in parton-to-pion fragmentation functions
when analyzing the RHIC pion data.
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Figure 1: Nuclear modifications from the EPPS16, nCTEQ15 and DSSZ global NLO fits at Q2 = 10GeV2.

Concerning the functional forms used to fit nuclear PDFs. What we need are certain assump-
tions for the x and A dependence for RA

i (x,Q
2) at the parametrization scale Q2

0 — the behaviour
at higher Q2 follows then from the evolution equations. The assumed functional forms are rather
simple and — as has been shown in Refs. [6, 7] — the bias in the current parametrizations is huge,
particularly at small x. As can be understood from the right-hand panels of Figure 2, not much vari-
ation in small-x behaviour of RA

i (x,Q
2) is allowed by the current parametrizations. The difficulty

is not so much in inventing a flexible ansatz for the x dependence, but to do it in such a way that
also the A dependence can be made physically sound (“larger effects for a larger nucleus”). In this
sense nuclear PDFs are more difficult to fit than the free proton PDFs. There is also an interesting
ongoing effort to fit the nuclear PDFs in a neural-network framework, which should be superior
when it comes to reducing the parametrization bias [8].
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Detector Requirements for HF physics
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• Heavy flavor hadrons usually have a short lifetime compared to light flavor hadrons. They can be 
identified by detectors using their unique lifetime and masses.

Mass 
(GeV/c^2)

Average Decay 
Length (µm)

1.869 312

1.864 123

5.279 491

5.280 456

D±

D0

B±

B0

• Performance requirements:

‣ Fine spatial resolution for displaced vertex reconstruction (< 100 µm)

‣ Fast timing resolution to suppress backgrounds from neighboring collisions 

‣ Low material budgets to maintain fine hit resolution



•The Monolithic Active Pixel Sensor based Forward Silicon Tracker (FST) design 
consists of 5 disks with the pseudorapidity coverage from 1.2 to 3.5, ~10 B pixels 
and ~2.2  active area. m2

Forward Silicon Tracker design implemented in the ECCE detector 
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Forward Silicon Tracker design implemented in the ECCE detector
• The Monolithic Active Pixel Sensor based Forward Silicon Tracker (FST) 

design consists of 5 disks with the pseudorapidity coverage from 1.2 to 3.5, 
~10B pixels and ~2.2 m2 active area.

Xuan Li (LANL) 6

LANL led FST detector design 
implemented in the EIC reference detector: 

ECCE
Support and coolingSilicon wedge 

and readout

• Detailed detector layout 
(segmentations, readout units, cooling 
and support structures) have been 
implemented in GEANT4 simulation. 

Detailed detector layout (segmentations, readout units, cooling and support 
structures) have been implemented in GEANT4 simulation. 



• Integrated MAPS, MPGD (e.g., µRwell) and AC-LGAD tracking detectors of the EIC reference 
design (ECCE) provide precise momentum and transverse DCA  resolutions. 2D

Tracking performance in GEANT4 simulation 
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Tracking performance of the EIC reference design in GEANT4 simulation
• Integrated MAPS, MPGD (e.g., µRwell) and AC-LGAD tracking detectors of 

the EIC reference design (ECCE) provide precise momentum and transverse 
DCA2D resolutions.

Xuan Li (LANL) 7
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• Clear  signals have been found in 10+100 GeV e+p simulation


• It will provide us the precise measurement of nuclear modification in different pseudorapidity 
regions

D0

D  meson reconstruction with FST0
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• in collaboration with BNL, JLab, UCSC, 
CERN, FNAL, Rice Univ., UM, UNM, ANL, 
KIT, LGAD Consortium, UC Consortium 


• Low Gain Avalanche Detector (LGAD) and 
AC-Coupled LGAD (AC-LGAD)

‣ Pixel size: 0.5 to 1.3 mm

‣ Spatial resolution: ~30 𝜇m

‣ Time resolution: < 30 ps


• Depleted Monolithic Active Pixel Sensor 
(e.g., MALTA)

‣ Pixel size: 36.4 𝜇m


‣ Spatial resolution: ~7 𝜇m

‣ Time resolution: ~2 ns 

Advanced silicon technology candidates for the EIC silicon tracker 
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Advanced silicon technology candidates for the EIC silicon tracker
• Several advanced silicon technologies are under characterization at LANL.

Xuan Li (LANL) 9

Low Gain Avalanche Detector 
(LGAD) and AC-Coupled LGAD 
(AC-LGAD) 
Pixel size: 0.5 to 1.3 mm
Spatial resolution: ~30 !m
Time resolution: <30 ps

Depleted Monolithic Active 
Pixel Sensor (e.g., MALTA)
Pixel size: 36.4 !m
Spatial resolution: ~7 !m
Time resolution: ~2 ns

LGAD Carrier Board AC-LGAD Carrier Board AC-LGAD 
pixel map

4X4 Matrix

LGAD pixel map
3X5 Matrix

in collaboration with BNL, JLab, 
UCSC, CERN, FNAL, Rice Univ., UM, 
UNM, ANL, KIT, LGAD Consortium, 
UC Consortium

MALTA Carrier Board
MALTA Pixel diagram

MALTA sensor diagram
512X512 Matrix

Several advanced silicon technologies are under characterization at LANL. 



Advanced silicon technology R&D setup
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Advanced silicon technology R&D setup for EIC silicon tracker

Xuan Li (LANL) 10

LGAD (AC-LGAD) characterization with the 
90Sr source test

90Sr source

e-

LGAD 
sensor

2-layer LGAD 
telescope

MALTA sensor characterization test bench

CAEN 1730s 
digitizers2.5 GHz 

oscilloscope

HV/LV power 
modules

MCX cables

DAQ computer

scintillator 
coincidence 

trigger

Trigger Unit based on
XILINX KC705 board 

LV supply for 
LVDD, DVDD, 

AVDD, SUB and 
PWELL of the 
MALTA sensor

DAQ 
computer

MALTA sensor 
carrier board

Data processing via the 
XILINX KC705 board

Scintillator 
trigger

oscilloscope

Advanced silicon technology R&D setup for EIC silicon tracker
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LGAD (AC-LGAD) characterization with the 
90Sr source test

90Sr source

e-

LGAD 
sensor

2-layer LGAD 
telescope

MALTA sensor characterization test bench

CAEN 1730s 
digitizers2.5 GHz 

oscilloscope

HV/LV power 
modules

MCX cables

DAQ computer

scintillator 
coincidence 

trigger

Trigger Unit based on
XILINX KC705 board 

LV supply for 
LVDD, DVDD, 

AVDD, SUB and 
PWELL of the 
MALTA sensor

DAQ 
computer

MALTA sensor 
carrier board

Data processing via the 
XILINX KC705 board

Scintillator 
trigger

oscilloscope

LGAD	(AC-LGAD)	characterization 
with	the	 Sr	source	test90

MALTA	sensor	characterization	test	bench	



• Tracking performances such as efficiency, spatial and temporal resolutions are under study with 
the 3-layer telescope configuration. 

LGAD and AC-LGAD R&D test results 
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LGAD and AC-LGAD R&D test results

• Feasibility tests of a two-layer AC-LGAD telescope using a 90Sr source.

Xuan Li (LANL) 11

Mechanical design of 3-layer 
LGAD (AC-LGAD) telescope

3-layer AC-LGAD telescope 90Sr test setup
with 2 sensors connected to the readout

• Tracking performances such as efficiency, spatial and temporal resolutions 
are under study with the 3-layer telescope configuration.

90Sr source

Scintillator 
trigger

AC-LGAD sensor

HV/LV power supply

Digitized pulse shape 
VS time tick (2ns) for 
individual pixel from 
the 90Sr source tests.

Event display of reconstructed electron tracks

Feasibility tests of a two-layer AC-LGAD telescope using a Sr source. 90



• Threshold and noise scan has been performed.


• Successfully suppressed the noise hits and the hit occupancy has been studied with the Sr 
source tests. 

90

MALTA R&D test results 
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MALTA R&D test results
• Threshold and noise scan has been performed.
• Successfully suppressed the noise hits and the hit occupancy has been studied 

with the 90Sr source tests.

Xuan Li (LANL) 12
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MALTA R&D test results
• Threshold and noise scan has been performed.
• Successfully suppressed the noise hits and the hit occupancy has been studied 

with the 90Sr source tests.
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• Irradiation tests has been done in the beginning of this 
month with the LANL LANSCE facility to test the 
radiation hardness for LGAD and AC-LGAD prototype 
sensors with -  n cm  doses. 

‣ Analysis is in progress.


• Telescope bench tests ongoing at LANL and planed 
beam tests in collaboration with other institutions. 


• Work towards the EIC detector 1 technical design. 

‣ The EIC detector 1 proto-collaboration formed in April 

2022, is working on the detector technology down 
selection and the detector design optimization and 
updates for the CD2 approval scheduled in 2023. 

1013 1016
eq

−2

EIC Silicon detector design and R&D path forward 
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EIC Silicon detector design and R&D path forward

• Irradiation tests scheduled with the LANL 
LANSCE facility to test the radiation 
hardness for LGAD and AC-LGAD prototype 
sensors with 1013-1016 neqcm-2 doses.
• Telescope bench tests ongoing at LANL and 

planed beam tests in collaboration with 
other institutions.
• Work towards the EIC detector 1 technical 

design. 
• The EIC detector 1 proto-collaboration formed 

in April 2022, is working on the detector 
technology down selection and the detector 
design optimization and updates for the CD2 
approval scheduled in 2023.
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LGAD and AC-LGAD test 
samples under irradiation 
tests at LANL.

LANL LANSCE

MALTA telescope beam tests at CERN SPS



Beam-Gas Background
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•See the detector response of the electron/proton beam-gas background


•Input files from Zhengqiao and Jaroslav

‣Hadron & electron

★275 GeV proton beam

★  10 GeV electron beam

‣Electron beam-gas background file format is not compatible for fun4all. Thanks to Kolja and 
Cameron, we were able to use the available files using eicsmear.


•Use Fun4All (ECCE) with some modification

‣Magnetic field: 1.5 T

‣Enabled tracking

★Tracking on the silicon detectors only



• Simulation level embedding works

‣ Rate is not correct

★ Embedded to high rate background, so the pileup effect is not taken 

into account on one of the backgrounds

★ Expect no problem if using physics events – work in progress


• Will investigate the effect of beam-gas background on the physics 
events

Embedding test for beam-gas background
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• Silicon sensor R&D is in progress

‣ Continue characterization and R&D work

★ Efficiency, resolution etc..

★ Analysis of the irradiation test


• Silicon tracking system mechanical design


• Beam-gas background study is in progress

‣ Embedding/effect on e-p events

Summary
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