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Introduction

White report drafting:
* Adraft document for the polarimeter is ready, attached to the indico page, please comment.
* An overleaf version is available upon request
* Baseline location of polarimeter needs to be decided to progress further
* Assumes so far that longitudinal polarization will be measured

Content of today’s presentation:
* Investigations related to the detection system for photons
e Short summary about the physics process
* Summary of what needs to be done (assuming at this stage a longitudinal e-beam polarization)
* Detection system for photons ?
* Progress on a dedicated MC and fitter (for offline extraction)
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Compton cross-section I Py
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The Compton cross-section averaged over scattered particles spins:
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Electron beam polarization independent Electron beam polarization dependent

. Assume in the following:
* purely circular laser polarization SDCl-aS : transverse polarization of laser will be a systematic uncertainty or a
constrained parameter in the fit

* | also assume for the sensitivities studies performed here that P l“S—l (or-1)
* | postpone quantitative studies related to imperfect laser polarization to a later stage
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A first look at the unpolarized term

laser (E,)

* Initial electron energy (7 GeV)
* Initial photon energy (1.2eV at 1030nm)
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* Photons (electrons too) are scatterred in the forward direction, in a narrow cone around the electron beam axis
* | further implicitely assume that detection of photons require to clear a line of sight of about L=30m
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Detection of photons: requirements

Energy of photons (~¥1GeV) in a narrow cone Distinguish each bunch at 250MHz (4ns)

Two interesting regimes:
* Low scattering rate: (~1/bunch)
© Data-driven, online calibration and linearity control can be considered (edges of 1, 2, 3
photons)
© Signal only radiation dose in detector O(1MGy/year) (1GeV@250MHz)
® Very good knowledge (spectrum shape) of backgrounds is necessary (data driven)
* High scattering rate: (~10 — 100/bunch)
Sensitive to threshold calibration, detector linearity
Very large radiation dose O(10MGy/year) or larger
Background free (background energy deposition below thresholds)
Asymmetry less pronounced (integrated over spectrum)

OO

Concentrate on this strategy
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Basic idea of detector

Basic elements
* a VERY FAST radhard scintillating crystal = BaF2
* Need to filter out the slow component = UV optical filters
* Interesting: Y doping reduces the slow component, but R&D stage
* a PMT with low transit time dispersion = commercially available (hamamatsu for instance)
* Associated electronics
* Next step: validate detection scheme

18th Internationa Conference on Cdorimetry in Particle Physics (CALOR2018) 10P Publishing
10P Conf. Series: Journal of Physics: Conf. Series 1162(2019) 012022  doi:10.1088/1742-6596/1162/1/012022
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Ultrafast and Radiation Hard Inorganic Scintillators
100 for Future HEP Experiments
Ren-Yuan Zhu
California Institute of Technology, Pasadena, CA 91125, USA
50 80 E-mail: zhu@hep.caltech.cdu
—_
o Abstract. Future HEP i it the energy and i i ire fast and ultrafast
; g: inorganic scintillators with excellent radiation hardness to face the challenges of unprecedented
event rate and severe radiation environment. This paper reports recent progresses in fast and
S ultrafast inorganic scintillators, such as LYSO:Ce crystals and LuAG:Ce ceramics for an
&
— 60 inorganic scintillator based shashlik sampling calorimeter and yttrium doped BaF: crystals for
.y the proposed Mu2e-II experiment. Applications of ultrafast inorganic scintillators in Gigahertz
@ hel ® CeF, (A1=300 nrg) hard X-ray imaging will also be discussed.
2 ! ] 33%32x191 mm
- = |
= 30 X= +005 — = CM§X30‘9 (“'42;5' m) 1. Introduction
(=] £ 40 4 SIC BGO (=48 g Inorganic scintillators have been used widely in high energy and nuclear physics experiments,
> 5= 0 # +0.05ns c 25125230 mm? nm) n;‘edlczl instruments and r]mmlmd security applications. In high enersy phyfslcs (HEP) and n;lclear
v - o physics. total e of inorganic crystals are
b FONIIC BGO ().-4§0 nm) known for their superb energy resolution and detection efficiency for photon and electron measurements
) m#m; 25x25x200 mi [1]. An inorgm;ichcrysm;n;au:nmm is thus llhz chhzi_ce hror_ those experiments where precision
1 ¥ LYSOILFS (A=4; ?5 nm) ‘measurements of photons and electrons are crucial for their physics missions.
20 | . Among all existing crystal calorimeters, the CMS lead tungstate (PbWO4 or PWO) crystal
25x25x180 mm calorimeter, consisting of 75,848 crystals of 11 m’, is the largest. Because of its superb energy resolution
OBaF, (2=220 nrq) and detection efficiency, the CMS PWO calorimeter has played an important role for the discovery of
j 0x200 mm the Higgs boson by the CMS experiment [2]. Crystal calorimeters currently under construction are: an
A CSl ( 2=310 nm) undoped Csl calorimeter for the Mu2e experiment at Fermilab, a PWO calorimeter for PANDA at FAIR,
> 3 aLYSO calorimeter for COMET at JPARC and a PbF; calorimeter the g-2 experiment at Fermilab.
0 ul sl Future HEP calorimeters will be operated under unprecedented luminosity. An important issue
10° 10° 10" 10° 10° 107 10° is thus the decay time of scintillation light. Table 1 lists the optical and scintillation properties for fast
| dD d inorganic crystal scintillators with a scintillation decay time ranged from sub-nanosecond to a few tens
nteg rate: ose (ra ) nanosecond, and compared to plastic scintillator [1]. Among the fast crystals listed in Table 1 the mass-

production cost of barium fluoride (BaF) and undoped Csl crystals is significantly lower than others
because of their low raw material cost and low melting point.

Crystal calorimeters for future HEP experiments at the energy frontier face a challenge of severe
radiation environment. Significant losses of light output have been observed in the CMS PWO crystals
at large rapidity in situ at the LHC caused by both ionization dose and hadrons [3]. Controlling oxygen
contamination in halide crystals, e.g. CsI:Tl, or oxygen vacancies in oxide crystals, e.g. PWO, was found
effective [4]. Co-doping with yttrium and lanthanum was also found effective for CMS PWO crystals
[5). For experiments to be operated at the HL-LHC with 3,000 fb", crystals should survive an
environment with an absorbed dose of 100 Mrad, charged hadron fluence of 6x10' p cm™ and fast
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Basic idea of detector

Basic elements
* a VERY FAST radhard scintillating crystal = BaF2, the only solution ?

® Need to filter out the slow component = UV optical filters

© Interesting: Y doping reduces the slow component, but R&D stage
a PMT with low transit time dispersion = commercially available (hamamatsu for instance)

* Associated electronics )
e Next step: validate detection scheme I ‘H‘I‘(T’ff]’?“f.".f?’f"’?._”Wﬁ.‘ -
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I 30Mb (3.75MB) to transfer every minute I

Two options
Embarked ADC and data processing in the accelerator bay w/transfer link to storage, requires clock

(laser also needs it) and bunch identification
Deported electronics ‘a 1a’ lumi with diamonds sensors ? (expensive high BW cables)
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Polarization extraction

Offline: fitter
* Not immediate but can be very precise
* Account for every detail of the experiment = | start by implementing this step by step
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Online: fast approximate/biased extraction
* To be investigated based on HERA work by C. Pascaud et al. (Orsay group)
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Offline fitter: ingredients

Ideally (time consuming, can be part of a PhD project):
* One should probably use a dedicated generator (CAIN most probably)
* Account for every detail of the detection system with a Geant4 reconstruction

However the most important aspects of the simulation are relatively simple to implement in a quick Monte Carlo :
* Compton cross-section (polarization effects included)
* Detector energy resolution
* Finite detector size

* Smearing from the finite electron beam emittance and dispersion (depends on baseline location)
* Data filled in histograms

All these effects can also be fit in a simple binned chi2 (or ML) with ROOT6 and MINUIT2 library
* To start with: | only fit a scale factor and Pz.

* | numerically integrate the Compton cross-section over the detector size and bin width accounting for
* detector energy resolution

* horizontal point spread due to finite e-beam sizes
* Miscalibration (if any)
* |assume that the detector has nominally a square cross-section (despite it may be simpler to implement
a cylindrical detector in the end)

| first go through a sanity check that everything goes fine when | assume one and only photon is scaterred per
bunch crossing.

This is obviously work in progress !
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Detector/e-beam parameters

Detector energy resolution Of AZ CZ
— = |-t B%+
E E[GeV] E2[GeV?]

A=10% (conservative ?); B=1% (optimistic ?); C=pile-up, electronics, O for now on

Finite detector size
* Detector assumed to be placed at L=30m from Compton IP
* Square section of 25x25 mm?

See for instance CAIN user manual, for the generation of e-beam parameters

Electron beam parameters double alphaX_ = -2.0120;
« Taken at LTLO76 (numbers to consolidate) B
* Relative energy spread 6.3e-4 e e Sl el
double etaX_ = .13030;
T = 2€.-11 3.1 COS © L ne double etapX_ .04644;
! 2121 COS L1 T 121 double alphaY_ = 17.5537;
! o / double betaY 120.656;
r7 = \/26,u1/Be1(—Qz1 COS L — sinpy) + 0. - '
1 21/ Ba1 (=01 €08 1 1) +11zE1 double emitY_ = 2.8E-13;
_ ny [ o double eta¥Y_ = 8.3E-10;
Y1 — 2€ UQJlCOb"’Q—f—T &1 - !
Y VoY Eery r2 Ty double etapY_ = -1.E-10;
/ J A R, I
Y1 = \/2€,us/By1(—ay1 cos py — sinpy) + 1,61
o, = 170um, o,, = 73urad
Induces a (gaussian) point spread function at the detector plane: O-y — 5um, O-yl = 1urad

2 __ 2 2 -2
* Similarlyiny
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Result

Perfectly aligned, calibrated, known average beam energy, known e-beam phase-space parameters

Chi2=101
Ndf = 98

| 6M entries (1minute data taking)
4&?: 3.5h fit !l (four numerical integrations)

n 1 1 1 l 1 1 1 I 1 1 1 I i i i I 1 ' ' I 1 1 1 | 1 L L I L L 1

t
t
*‘} #ﬁhH* +H'{H|, *H++*H++*+* +H’+*++HH* H*}HﬂH'H{ H’+: ++;q++f++ £
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But...

The fit is time consuming but actually too accurate for the situation we may face in data:

8 R e e ]
G ooef  eor O The @2 (P ] Beam gas + synchrotron radiation peak may
i SCPE Ot DMt 3 be the dominant contributions at low energies

¥

Maybe not so important to accurately fit the
low energy part

| will now try to look at ‘degraded’ fitters to investigate several effects, keeping in mind that we are able to revert
to an accurate fit of MC data (and that maybe a cylindrical geometry is maybe more appropriate)

Compton polarimeter for SuperKEKB
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Lower energy part of spectrum

hPzz X0
hPzz -

- Entries 1000 -
so—Pull for Pz Mean -6.413 —H

100 - Std Dev 1.004 B

- 10% resolution %2/ ndf 6388/54 | | *[
s0[-wW/ e-beam smearing Prob 0.1681 =

C Cvlindrical det Constant 38.21 +£1.58 B

- Lylindrical det. Mean -6.407 +0.034 -
a0l Sigma __ 0.9853 +0.0262 - y

- PIER L

- i 1
20— wfl "

- = L

C i X
10— N AU RN RPN RPN RPN B S P B S B

42 -1 -1 -9 -8 -7 -6 -5 -4 -3 -2 B e - il

The (deliberately) wrong assumption about detector geometry mainly biases low
energy contibution that is likely to be dominated by backgrounds and will not
provide sensitivity. Ly

- Need a full model with realistic backgrounds -
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Removing the first 10 bins from fit

%2/ ndf 54.77 1 54

60I— Prob 0.4453
- Constant 38.03+1.56

- Mean 0.06668 + 0.03402
50— Sigma 1.002 + 0.026

Fit-MC
g

nnnnnnnnnnnnnnnnnnn

IIIII

3
(=] il\llllllll‘lllol\llol\llol

Chi2 good (10 removed bins)

TTT IIIIII%

Confirms that the detector geometry and beam spreads do not impact longitudinal
polarization extraction on the largest (and most senstive part) of the spectrum
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Effect of detector energy resolution

10/02/2021
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60— Pull for Pz
- 10% resolution

hPz
Entries 1000
Mean 0.06253
Std Dev 1.003
¥2 / ndf 54.77 1 54
Prob 0.4453
Consta 38.03+1.
Mea 0.06668 +0.03402 >
Sigm 1.002 +0.026
—
3 4
50
-Pull for Pz

40

30

20

10

3% resolution

hPz

Entries
Mean
Std Dev
%2 / ndf
Prob

1000
0.02046
1.003
59.62 /54
0.2788

Constant 02 T

Meal 0.01833 = 0.03276

Sigm 0.9708 = 0.0274
\—

5 4 3 2
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Misalignements

I Repeat the previous fit but with various misalignments, or angular pointing biases

— x2/ ndf 25.59 /33 — %2/ ndf 15.94 /32

- X /ot Ta8eos " Prob 08179 | ' Prob 0.9921

soPull for Pz Constant  $7.3921.54 -Pull for Pz Constant 2864+0.441 | | Pull for Pz Constant ~ 3.355+0.513

» L Mean  0.274740.0334 - o Mean  0.9065+0.2128 | | L Mean 2.274+0.186

Fllmm misalignme Sigma 0,082 £0,0253 s2mm misalignment Sigma  1.265+0249 | S 3mm misalignment [Sigma  1.205:0.247
© ~Or 70urad pointing bias . Or 100urad pointing bia

misaligned e-beam axis

misalignment I

Pointing bias Detection plane

Perfectly aligned e-beam. Axis
L=30m

e —

Need to ensure the beam points towards the center of the detector within 1Imm to avoid
biasing the polarization more than 0.001
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Miscalibration (10% on scale)

hMiscalE

50

30

20

10

Pull for energy scale

hMiscalE
Entries 1000
Mean -0.1038
Std Dev 0.9846
%2/ ndf 47.19/54
Prob 0.7325
Constant 40.44 +1.67
Mean -0.1483+0.0316
|_Sigma 0.9446 + 0.0253
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Pull for Pz

Compton polarimeter for SuperKEKB

hPz
Entries 1000
Mean 0.144
Std Dev 1.009
x2 / ndf 67.65 /57
Prob 0.158
Constant 38.1+1.5
Mean 0.1422 +0.0329
_Sigma 0.9803 +0.0241




Ongoing improvements

Extraction of polarization:
* Upgraded the fit to perform with LUT filled on demand 6s = 0.15s/fit
* Performs well
* 0(2500) estimates in a minute may be done that way on a relatively powerful PC
*  Multi-photon contributions included (so far only 2 photon)
* Statistical precision in a minute with a 5W 515nm laser = 0.9% for every bunch.
* Next steps
* Re-estimate systematic uncertainties
* alignment procedure
* Backgrounds
* E-beamjitters ? 30000

- /\

15000

IIIIIII

10000

_lllll

ey Ix10°

- «w«mn.vwms..m"ﬁt.«mm.-a‘ e
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Next steps

Waiting for comments on White Report
Continue progressing on extraction of polarization:

R&D:
e Test the concept of a BaF2 detector
* Costing exercice for the laser system
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Landau-Lifshitz QED book paragaphs 86 and 87

A slightly more detailed look - Ed— (14 PrArg)

Polarization dependent term generates a left-right asymmetry function of E,,
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that reﬂects also as a function of the energy of the emitted electron
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Green light provides higher sensitivity
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