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Light Yield Analysis, NID
electron stripping and
amplification model



CERN spectral measurements
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Back on the envelope charge gain evaluation

(CeaVGEM )30.3

o3 + (p/VGEM)(CeaVGEM)2(CeaVGEM _ 1)

Giot =G1-G2-G3 =

e
(=]
>
_
o
&
TT

Constant 4.003+0.3772 Constant —6.831 £1.052

_{_ He:CF, 60:40

Slope 0.006568 + 0.0003805

Slope  0.01056 +0.0006808

Integral [a.u.]

Integral [a.u.]
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Constant  -18.17 £ 2.21
Slope  0.0189 +0.00143
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[
| | |
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a = (2.06 £0.02) x 1072V,
¢ = (1.13£0.06) x 1072,
p = (3.7+0.2) x 10* pm3V

With our gain parameterization
extract ED gain @ 1050 VGEM
and rescale for 900 mbar, we
obtain 3.7 x 1073

* If we scale from 1050 VGEM to

930 VGEM with the fitted
function, we obtain 750
ALTERNATIVELY, with our gain
parameterization extract ED
gain @ 930 VGEM and rescale
for 900 mbar, we obtain 330

By rescaling for the spectrum
ration, we obtain 3.7 x 10°3 /1.7
x 1073

Bottom line: NID charge gain at
900 mbar and 650 mbar O(1073)



Trying to get insight in the amplification process

Gain: why need such high amplification strength?

1) SF6 electron detachment through collisional processes
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Collisional detachment is highly favoured in presence of
noble gases!!!!

In pure SFe, detachment strongly suppressed



Gas Gain

Is this verified by other published data with
our same mixture? YES
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Is this verified by other published data with
other mixtures? YES again

CS2:Ar 40:660 Torr “scales” better than just because of
pressure w.r.t. pure CS: at 40 Torr
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closer look at our data

EMesh = 0 kV/Cm

" VGEM = 400V
- Emesh = 14 kV/cm
VGEM = 400V
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e He and CF4 can be assumed to be at the thermal energy, i.e. 25 meV
* The energy of the center of mass for Veem [1500, 1600] in the collision with SFe- is
e+ 0.5 eV with He
e + 7 eV with CF4
* No collisional detachment cross section measurement for SFe- on CF4 exists
* It might be similar to Kr if at first order matter only the mass, but no way to know for sure...
e In any case, the He channel opens “immediately” (i.e. as soon as the anions enter the GEM hole field),
while the CF4 one has an “inner” (w.r.t. GEM hole entrance) onset
e If similar to Kr, once “open”, the CF4 channel might dominate over the He due to higher cross section

NOTE: since > 500 Vgem is needed to strip electrons,
NID gain is intrinsically somehow saturated

50

100



From NID electron stripping and
amplification model to transverse
profile double gaussian



Recap: ED sCMOS images analysis

* Alpha tracks selection: i AT 7 o1 e
e tracks reconstructed with iterative DBSCAN algorithm [10] ,m_ e | :
e track length > 1.5 cm 3 e .
e track slimness < 0.3 . e, (W
e XandY track barycenter within ED cosmic ray map cuts (see previous slide) s
e Chi2/nDOF of transverse fit profile < 2 (remove additional multiple tracks) - e i
 Selected tracks profile within 100 pixels from the o ‘M .
barycenter fitted with a single Gaussian 3 =78 )
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ED analysis to demonstrate methodology robustness

Track transverse profile sigma as a function of L/E for different Veem (aka different LY)

» Alphas tracks selection, ED, He:CF4 60:40 @ 650 mbar

Vaem scan: 290V, 300 V, 310 V, 320 V on each GEM
* For each Vaewm, 6 drift distance positions (2, 3, 4, 6, 9, and 12 cm) and 5 Eprirr values (300, 350, 400, 500 and 600 V/cm)

 Total of 120 data sets
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ED diffusion analysis to demonstrate methodology robustness
Track transverse profile sigma as a function of L/E for different Veem (aka different LY)

Alphas tracks selection, ED, He:CF4 60:40 @ 650 mbar

Vaem scan: 290V, 300 V, 310 V, 320 V on each GEM
For each Vaewm, 6 drift distance positions (2, 3, 4, 6, 9, and 12 cm) and 5 Eprirr values (300, 350, 400, 500 and 600 V/cm)
Total of 120 data sets

Above 290 V, ED data perfectly consistent among them and with Garfield simulation
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Take away message:

The experimental setup and the analysis
methodology is demonstrated to be robust against:

e Simulation
 Data taken with other detectors/setups

LY variation of one order of magnitude



Recap: NID sCMOS images analysis,

ATrack10_run6176_evt10

* Alpha tracks selection (same as ED):

tracks reconstructed with iterative DBSCAN algorithm [10]
track length > 1.5 cm
track slimness < 0.3

X and Y track barycenter within ED cosmic ray map cuts (see previous slide)

trdns_prof_bary_ev160_tr0 npeaks == 1 chi = 4.476058
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It is the sum of 2 Gaussian, with proportions and
sigmas depending on Vgem (aka gain, aka LY) and L/E!!!



Recap: NID sCMOS images analysis,
aka the infamous double gaussian

ATrack10_run6176_evt10

ATrack10_runB176_evi!
ise.
BN X
x

STE

> 8 & 8 8 3 ggs

Now the measured

diffusion has 6 parameters

* Alpha tracks selection:

tracks reconstructed with iterative DBSCAN algorithm [10]
track length > 1.5 cm

track slimness < 0.3

X and Y track barycenter within ED cosmic ray map cuts
Chi2/nDOF of double Gaussian fit to transverse fit profile < 2

Selected tracks profile within 100 pixels from the barycenter
fitted with a double Gaussian
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The small Gaussian: where the hell does this come from?

Focusing hypothesis

A focusing regime sets in once a threshold number of negative ions Nfl‘
have entered a GEM hole and undergone detachment, producing a
sufficient positive ion backflow to attract subsequent i~ into the same
hole.

y

Eo Below threshold: charge splits among neighbouring holes (no ]
focusing).

@ Above threshold: local field distortion leads to collapse into a singl
hole (focusing).

trans_prof_bary_ev377_trO npeaks == 1 chi = 0.721422
trans_prof_bary_ev377_tr0 npeaks

2500

2000
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1500
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1000
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lon back flow and GEM gain

Our ansatz: the ion backflow (differently from standard ED case) is seen instantaneously by
SFs-because of the much slower drift velocity and acts as a “funneling” additional field into
the GEM holes

Time-scale argument: why NID is special

@ Negative ions drift slowly: typical arrival times at the GEM are in the
ms range.

@ Positive ions produced in the GEM drift much faster in the transfer
field.

Back-of-the-envelope estimate:

AZ

clear 5 -

. ~ ~ 1 ——1

t,+ E 0~ 0 (3)

while the NID arrival time spread is

feed 0(10 3) S. (4)

Conclusion: during NID arrival, ion backflow is continuously regenerated
and acts quasi-instantaneously on subsequent ions.



@ Below threshold: charge splits among neighbouring holes (no
focusing).

@ Above threshold: local field distortion leads to collapse into a sing|
hole (focusing).

trans_prof_bary_ev377_tr0 npeaks == 1 chi = 0.721422
2500; 000000
= small Gaussian
£ G : o Nbig/(N big + Nsmall)
_big Gaussia o
— ‘/
| | =+ >

The number of positive ions produced in the avalanche is proportional to
the GEM gain:

Geem(Vaem) = a, e?Verm, (1)

For a given number of negative ions entering a hole:
N+ = Ggem, N;-. (2)

By purely logical and physical arguments, the number of NID necessary to initiate the
focusing effect NTH, i.e. the number of NID that end up in the big Gaussian:
¢ will be a fraction of the total number of NID

¢ will inversely depend on L/E, i.e. the larger the cloud arrive at the GEM the lower the number of NID
in the same hole, hence the larger the fraction of initial NID needed to initiate focusing

¢will directly depend on the setup effective gain, i.e. for a given L and E, hence given the same
number of NID that enters a single hole, the larger the gain the larger the IBF for each single NID, the
faster the focusing effect is initiated



LY as a better proxy for gain given the complex NID
amplification mechanism

The measured light integral / is proportional to the total avalanche charge:
I ¢ Nayal o< Gggm, N™. (5)

At fixed drift conditions (L, E):
| = Ip(L, E), e?Varm, (6)

where Ip(L, E) absorbs geometry, diffusion, and optical factors.

Ratio of Nbig/(Nbig + Nsman) minimal fitting function

Define Ry(/) as the fraction of charge in the no-focusing component.

Physical constraints:
o Ry(l=0)=1 (no amplification, no focusing)
@ Ryo(l = ) = Ry (residual geometrical fraction)

@ Ryo(/) must be monotonic and bounded.



Remove the asymptotic plateau:

_ Ruo(l) = R
S(1) = =2 7)
S(/) represents the survival fraction of the no-focusing regime:
5(0) =1, S(o0) = 0. (8)

Assume an exponential survival controlled by a cumulative focusing
strength A(/):
S(1) =e N, (9)



Remove the asymptotic plateau:

Ruo(l) — Ry

) = 7
S(1) = "2 (7)
S(/) represents the survival fraction of the no-focusing regime:
5(0) =1, 5(oc0) = 0. (8)
Assume an exponential survival controlled by a cumulative focusing
strength A(/):
S(1) =e N, (9)

The simplest monotonic choice consistent with dimensional analysis is:
I n
M= () (10)
o

leading to:

Ruo(l) = Roo + (1 — Rso) exp! [— (%)n] (11)

This is the exact function used in the fits.



Remove the asymptotic plateau:

Ruo(l) — Ry

) = 7
S(1) = =52 7)
S(/) represents the survival fraction of the no-focusing regime:
5(0) =1, S(o0) = 0. (8)
Assume an exponential survival controlled by a cumulative focusing
strength A(/):
S(1) =e N, (9)
The simplest monotonic choice consistent with dimensional analysis is:
I n
M= () (10)
o
leading to:
I n
Rno(l) = Rso + (1 — Rso) exp! [— (I_) ] (11)
0

This is the exact function used in the fits.

® R..: irreducible non-focusing fraction (diffusion + geometry).

@ Ip: characteristic intensity required to trigger focusing (backflow
threshold).

@ n: sharpness of the transition, encoding fluctuations, detachment
efficiency, and local field non-linearities.

All parameters are expected to depend on transverse diffusion through o7.



Nbig/(Nbig + Nsman) at 400 V/cm fitted with

Ruo(l) = R + (1 — Rso) exp! | —
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Drift field

500

All data together
30 datasets all fitted by same function
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Which dependences to expect?

® R irreducible non-focusing fraction (diffusion + geometry).

@ lp: characteristic intensity required to trigger focusing (backflow
threshold).

@ n: sharpness of the transition, encoding fluctuations, detachment
efficiency, and local field non-linearities.

All parameters are expected to depend on transverse diffusion through o7.

2@TL

o aT controls charge density per hole.

@ Increasing o1 lowers local density, increasing Iy and R

@ The measured evolution of (R, lp, n) vs o1 provides a direct probe
of focusing physics.

In the thermal (Einstein) regime for NID transport,

L kpTer L

B e F (12)

o%(L, E) = 2D1(E),
Therefore, plotting results vs o1 (instead of L/E) directly tracks the
transverse dilution of charge into many holes.

@ Larger o1 = lower charge density per hole = focusing becomes
harder.

@ This must primarily shift the intensity scale Iy, and can also change
the residual plateau R.
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From the focusing ansatz (threshold in charge density per hole):
o Intensity scale lp(o1): expected to increase with o 7.

e Plateau R, .(o7): can increase mildly with o1 (irreducible splitting
into many holes).

e Sharpness n(or1): can vary (transition becomes smoother if
local-density fluctuations average out).

Operationally, we test universality by collapsing different (L, E) onto the
same curves when re-expressed in oT.
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The small Gaussian measures the GEM-limited transverse resolutic

o Independent of drift distance.
o Independent of diffusion.
o Fully determined by (pitch, pixel, optics, GEM staggering).

o Provides a direct experimental proof that NID + IBF focusing
eliminates diffusion.

This is the “ultimate resolution” regime of NID TPCs.
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The small Gaussian: where the hell does this come from?

Our ansatz: the ion backflow (differently from standard ED case) is seen instantaneously by
SFe- because of the much slower drift velocity and acts as a “funneling” additional field into
the GEM holes

In practice: after some number of N-,» anions have been stripped of their electrons and
these electrons have produced N+ = Ggem * N-th backflowing ions through avalanche, all
the remaining anions are funneled into the same GEM hole

The threshold N-w, anions behaves with standard transport and hence produce the “Big
Gaussian” in the trasverse profile with Nnig anions, while all the remaining anions funneled
into the same GEM hole produce the “Small Gaussian” with Nsman anions

If the ansatz is correct, the ratio of Nsmai/Nitot must have a
definite and predictable dependence on Vgem and L/E

If the ansatz is correct, operating with 3 fine pitch GEM with 90 um pitch w.r.t.
standard GEM of 140 um should produce a small Gaussian with sigma = 90 um



NID diffusion analysis: be careful of saturation!

Track integral vs drift distance as a function of drift field, aka “Saturation plots”
» Alphas tracks selection, NID, He:CF4:SFs 59:39.4:1.6 @ 650 mbar

* Vgeem scan: 1545V, 1560 V, 1575V, 1590 V, 1605 V total Vgem (corresponding to “ladder” 515V, 520V, 525V, 530V and 535V Vgewm)
* For each Vaewm, 6 drift distance positions (2, 3, 4, 6, 9, and 12 cm) and 5 Eprirr values (300, 350, 400, 500 and 600 V/cm)
e Total of 150 data sets
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How to deal with saturation?

Select data sets with constant integral w.r.t. largest distance at
a given Eprirr for each Vgem dataset

515 Veem 520 Vgem 525 VGem 530 Veem 530 Veem

He:CF,SF, 59:39.4:1.6 @ 650mbar 515 V. He:CF,SF, 59:39.4:1.6 @ 650mbar 520 V. He:CF,SF, 59:39.4:1.6 @ 650mbar 525 V. S, 59:39.4:1.6 @ 650mbar 530 V He:CF,SF, 59:39.4:1.6 @ 650mbar 535 V.

z a0 = Il < ag’ < ag' < ag’

all points . .
" selected R P

e il o4 Please note:
I ‘m ‘‘‘‘‘ . ‘fm.[m‘,“ e ‘!’Dm.,;}mm‘,‘ N it orcoten . ‘Lw.,mliim‘,‘ O o dorcntan) a" effeCtS depends
T e T L L on L/E, and actual
E selection is made
on Scintegral
normalised to 12 cm

300 V/cm

T+
£
El
T4+
T+
£
3 3 3
T+
s

400 V/cm
]
¢
)

50 L i ™ -l sl
Loror - - - oo | . hdl oo -
L L 1 1 1 \F.* L 1 1 1 L L L L L L 1 L L L L L L as a functlon of L/E
- t o en ’ o T Smvmen o “oonsscntnt
o + o
g o + -esoun * H
ER PR e PR d here shown as a function

> = —> | > of distance for different
1o Eprirt for lack of time in
-] . 1 . . redoing the plots ;)

500 V/cm
]
]
]

I (| I N TR
2 a4 o 8 0 12w 2 4 6 Qs w0 n

[
2 4

.
nnnnnnnnnnnnnnnnnnnnnnnnnnnnn o
HerOF,SF, 5 asombar 520 Hero @ esomi HerOF,SF, 502X asombar 520 @ esomba
. ot et ot
H e I e =
£ 3 [ . R
i | | - [ o
=2 S =2 S

350 V/cm not
shown for
lack of space

600 V/cm




NID small Gaussian diffusion analysis

Track transverse profile sigma small as a function of L/E for different Veem (aka different LY)

* Alphas tracks selection, NID, He:CF4:SFs 59:39.4:1.6 @ 650 mbar

* Vagem scan: 1545V, 1560V, 1575V, 1590V, 1605 V total Veem (corresponding to “ladder” 515V, 520V, 525V, 530V and 535V Vgewm)
* For each Vaewm, 6 drift distance positions (2, 3, 4, 6, 9, and 12 cm) and 5 Eprirr values (300, 350, 400, 500 and 600 V/cm)
* From these sets of data, only “not saturated” data as from previous slide are used in the following analysis

-f(y) ~ Ns [N’sa 0'3] + Nb [:uba Ub] s = small
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NID small Gaussian diffusion analysis

2kT ¢t s(Vorem) L
e E

L
= po(Verm) + 201 (Verm) —

Toneas.s(Varm) = 0§ ,(Varm) + 5
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* sigmao,s is independent of Vgem
* Tefi,s increases with increasing Vcem
 Small Gaussian effective temperature is =+ 5 mV (against 25.7 mV for thermal)



NID big Gaussian diffusion analysis

Track transverse profile sigma big as a function of L/E for different Veem (aka different LY)

* Alphas tracks selection, NID, He:CF4:SFs 59:39.4:1.6 @ 650 mbar

* Vgeem scan: 1545V, 1560 V, 1575V, 1590 V, 1605 V total Vgem (corresponding to “ladder” 515V, 520V, 525V, 530V and 535V Vgewm)

0.008

0.007

0.006

* For each Vaewm, 6 drift distance positions (2, 3, 4, 6, 9, and 12 cm) and 5 Eprirr values (300, 350, 400, 500 and 600 V/cm)

* From these sets of data, only “not saturated” data as from previous slide are used in the following analysis
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NID big Gaussian diffusion analysis

2kTettp(Vorm) L
e E

L
= p3(Verm) + 204(Vorn) —
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e sigmao,, depends on Vgem

* Teitpis independent Veem (1605 V data affected by saturation)

 Big Gaussian effective temperature is =+ 14 mV (against 25.7 mV for
thermal), consistent with Dec 2023 estimate of NID effective temperature



NID diffusion analysis summary

a-fneas(VGEM7 L/E) = 0'8’3 + e
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No r? (z — vt)z]

n(r,z,t) = exp [— -
(r,%:8) (4rt)3/2DyD}/? P| 74Dt~ aDpt

At the GEM plane (z = 0), after having drifted for a time ¢ = L/vg4, the transverse distribution is
isotropic Gaussian:
L

z? + ¢ 2
271_0_% exp[_ 20_% ]1 O-T(LﬁE) - 2DT(E) 'Ud(E). (3)

pr(z,y; L, E) =

The longitudinal spread around the centroid at z = 0 has variance

L

0?(L,E) = 2D (E) aB)’

(4)

The mean number entering geometrically a circular hole of radius £ centered at (0, 0) is the integral
of the 2D Gaussian over a disc:

pr(z,y; L, E)dx dy = Ny [l—exp(— %)] (5)

Ni%leom(L, E) — /

224y?<€2

If the centroid is offset by ry, the exact expression is

M exp( - 218 g€, -

2 2
Ny 207 o

(Sec. 2.1). Restricting the longitudinal integral to a threshold depth 2! (interpreted as the condition
that NV;+ has reached N") yields

geom

N>
N = ’T {1+erf(

L

)} or = 2DL(E/N)W. (10)

2th — L
V2aop,

Equation (10) makes explicit that fo is a fraction of the available geometrical acceptance and is
controlled by the longitudinal transport through o;—hence by the ratio L/E in the near-thermal
regime. In the limits 2!* — 400 (no focusing onset) and z** — —oo (no ions meet the condition), one
recovers N — NH and N — 0, respectively.
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Single-event footprint. For a single focusing event, once a hole of GEM 1 has collected N, ions,
the remaining ions are funneled into it. The transverse footprint at the exit of that hole is limited by
the hole geometry itself, with effective width o), ~ £/+/2. If no further mechanisms intervened, the
ions would remain confined within o, all the way to the readout plane.

nuvola d’ioni pre-soglia

‘ﬁ{é

N
A
\/

GEM1 | | Multi-event distribution and staggering. In practice, however, the three GEM foils are not
perfectly aligned: each foil is manufactured with copper-kapton—copper layers, and mounted with
small relative displacements. As a result, the ion channel exiting a hole in GEM 1 does not perfectly

| overlap with a hole of GEM 2, and similarly for GEM 3. The channel is then re-captured by the nearest

hole at each stage, effectively introducing a random lateral offset at each interface.

EM 2 (stagger) |

N N
EM 3 (stagger) [ \__/ \_/ & \_/ \_/ | Modeling the offsets. We model each such offset as a random variable uniformly distributed in the
interval [—p/2, p/2], i.e. we assume that the ion centroid can land anywhere within one pitch relative
v \{ B to the reference hole. The variance of a single uniform distribution on [—p/2,p/2] is
| Coff = P |anodo/lettura 2
Var[U] = TR (33)

If m such independent offsets contribute, the variance of their sum is

p

. Js2tag =m an’ (34)
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NID “mix” data, i.e. varying He/CF4 ratio with constant SFe

» Alphas tracks selection, NID

He content scan at fixed Vaeem for each gas mixture configuration

CF4:SFes 98.4:1.6, He: CF4:SF619.7:78.7:1.6, He: CF4:SFs39.4:59:1.6, He: CF4:SF659:39.4:1.6, aka 0:100, 20:80. 40:60, 60:40
Varyng pressure to keep similar LY with stable configuration, hence 0:100 @ 305 mbar, 20:80 @ 406 mbar, 40:60 @ 508 mbar and

60:40 @ 650 mbar

For each Vgewm, 6 drift distance positions (2, 3, 4, 6, 9, and 12 cm) and 5 Eprirr values (300, 350, 400, 500 and 600 V/cm)

Track integral vs drift distance as a function of drift field, aka “Saturation plots”

Saturation is when Sclintegral at low distance <
Scintegral at large distance

NID “mix” Sclntegral spans from 20k to 130k (i.e
one order of magnitude, same overall values
and same span of ED)

0:100 Scintegral > 20:80 Scintegral > 40:60
Scintegral > 60:40 Scintegral

* This is by chance! We were just checking “by
eye” that LY was of same order!

NID “mix” data are saturating at nearly all field/
VGEm

NID “mix” data need to be properly selected to
avoid additional effects from saturation entering

in the diffusion estimation
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NID “mix” small Gaussian diffusion analysis

Track transverse profile sigma small as a function of L/E for different Veem (aka different LY)

» Alphas tracks selection, NID

* He content scan at fixed Vaem for each gas mixture configuration

* CF4:SFe 98.4:1.6, He: CF4:SF619.7:78.7:1.6, He: CF4:SF639.4:59:1.6, He: CF4:SF659:39.4:1.6, aka 0:100, 20:80. 40:60,
60:40

* Varyng pressure to keep similar LY with stable configuration, hence 0:100 @ 305 mbar, 20:80 @ 406 mbar, 40:60 @ 508
mbar and 60:40 @ 650 mbar

* For each Vagem, 6 drift distance positions (2, 3, 4, 6, 9, and 12 cm) and 5 Eprirr values (300, 350, 400, 500 and 600 V/cm)
* From these sets of data, only “not saturated” data are used in the following analysis
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NID “mix” small Gaussian diffusion analysis
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e sigmao,s is independent of Vgem, consistent with NID Vgem scan analysis at 60:40

* Tett,s decreasing with increasing He content, consistent with the LY behaviour as
a function of He content, hence consistent with NID Vegem scan analysis at 60:40

 Small Gaussian effective temperature is < 6 mV (against 25.7 mV for thermal)



NID “mix” big Gaussian diffusion analysis

Track transverse profile sigma big as a function of L/E for different Veem (aka different LY)
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» Alphas tracks selection, NID
* He content scan at fixed Vaem for each gas mixture configuration
* CF4:SFe6 98.4:1.6, He: CF4:SFe 19.7:78.7:1.6, He: CF4:SFs 39.4:59:1.6, He: CF4:SF59:39.4:1.6, aka 0:100, 20:80. 40:60,
60:40
* Varyng pressure to keep similar LY with stable configuration, hence 0:100 @ 305 mbar, 20:80 @ 406 mbar, 40:60 @ 508
mbar and 60:40 @ 650 mbar
* For each Vagem, 6 drift distance positions (2, 3, 4, 6, 9, and 12 cm) and 5 Eprirr values (300, 350, 400, 500 and 600 V/cm)
* From these sets of data, only “not saturated” data are used in the following analysis
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NID “mix” big Gaussian diffusion analysis
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e sigmao,, depends on He content, aka LY, consistent with NID Vgem scan analysis at 60:40

* Teri,pis independent Vgem and consistent in values and behaviour as a function of LY with
NID Veem scan analysis at 60:40

* Big Gaussian effective temperature is =+ 14 mV (against 25.7 mV for thermal), consistent with
NID Veem scan analysis at 60:40 and with Dec 2023 estimate of NID effective temperature



Summary of the experimental measurements:

2kTeps L 5
7 po(Veem) + 2P1E

 ED data can be fitted with a single Gaussian, as expected from prime principles of

electrons transport in gas

 Fitted track transverse profile distributions are consistent with our understanding of:
* a constant term (aka oo) due to the diffusion within the 3 GEMs stack and dependent only on the Vgem
applied to the GEMs (consistent with LIME and Lemon measurement of such term)
* aterm dependent only L/E (aka kTeri/€) and NOT on Vgewm, due to the diffusion during drift, consistent with
prime principle expections, Garfield simulation, and LIME and Lemon measurement of such term

L
ED60:40 o2, (Veem, L/E) = 02(Vegm) +

2kT, 5 (VGEM) L 2kT, b L L L
NID  o%...(Veru,L/E) = 0%, + —L . % +to0s(Varn) + S % = Po+2p1(Vorm) 3 + 5 (Vorw) + 2pa5
small Gaussian big Gaussian small Gaussian big Gaussian

NID data (both Veem scan and “mix” scan with one order of magnitude LY span) are fitted with a

double Gaussian
» the sum of two Gaussian from a statistical point of view implies the existance of two “population”, aka bimodal
distribution
* Fitted track transverse profile distributions of “big Gaussian” are consistent with (ED beahviour):
* a constant term (aka oo,b) due to the diffusion within the 3 GEMs stack and dependent only on the Vgem applied to the
GEMs (similar to ED behaviour)
* aterm dependent on L/E (aka kTesi,n/€) due to the diffusion during drift, 60% below the thermal limit
* Fitted track transverse profile distributions of “small Gaussian” show:
* a constant term (aka oo,s) independent of the Vgem
* aterm dependent very “slowly” dependent on L/E (aka kTetn/€) BUT ALSO on Vgem, at about 15% of the thermal limit



Our understanding of the picture:

* Big Gaussian is the one effectively describing the diffusion:

the constant term depends on Vgem as for ED
the Terr depends on L/E as for ED
the measured Tesr is about 60% of Tihermal

the measured diffusion coefficient is + 65 um/sgrt(cm) @ 600 V/cm (against +
140 um/sqrt(cm) for ED at same EprirT)

« Small Gaussian is an additional term unrelated to the diffusion along
the drift distance (aka systematics) and due to disuniformities of the
NID electron stripping and amplification process close to the first GEM

It depends on a combination of GEM pitch, Veem and L/E

we have some ideas on the small Gaussian origin that we want to verify before sharing
with you

From Dinesh Loomba’s paper on SFs (ariXiv:1609.05249) Chapter on systematics on the diffusion
measurements:

[..] the primary sources of systematic effects that contribute to our estimate of the diffusion width: [..] is the
non-uniformity of the electric field near the THGEM. [..] The broadening effect due to the non-uniformity in
the drift field close to the THGEM should depend on the THGEM pitch (aka GEM pitch), and the fields in the
holes (aka Veem) and TPC drift region (aka L/E).



...IN any case...

...Whatever is the origin of the small Gaussian....
...Its overall effectis ....

improve directionality!!!!
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Backup slides



Center of mass energy full calculation

1. Definizione del problema
» Miscela: He:CF,:SFs a 650 mbar (~0.65 atm).
» Consideriamo una singola collisione SFe™ + M (M = He o CF,).

« Vogliamo I'energia nel centro di massa:

"
€m = Eiom
Mgy

dove:

« Fjp, = energia cinetica dell'SFs™ rispetto al laboratorio,
Mspg MM

o pu= Ea— € la massa ridotta.

2. Energia dell'ione in laboratorio

Per uno ione carico ¢ = —e in un campo elettrico uniforme E, |'ener

legata al mean free path \:

Eion ~ eE\.
Con gas termici a pressione p, la A vale:
1 P
A=—, n=-—"-.
na’ kBT

Stime numeriche
« Pressione: p = 0.65 atm = 6.6 x 10* Pa.
o Temperatura: T' = 300 K.

+ Numero di molecole per m3:

P 6.6 x 10*

= - =~ ~ 1. 125 -3
n= T 138 x 10-% 300 © 6 X107 m

« Sezione d'urto tipica per collisioni ion-molecola a bassa energia:
o ~ 1071° m? (ordine di grandezza).

+ Mean free path:

1 1

A — " —
no 1.6 x 102 -10719

~6x107"m=0.6u

3. Campo elettrico nella GEM

Spessore GEM d = 50 pm.
Differenza di potenziale: Vagm = 1545-1620V.
Campo medio nel foro:

Veem 1545V 5 1620
d  50x10%m 50 x 106"

Eggm ~

Numeri:
 Egpm(1545) =~ 3.1 x 107 V/m.
« Egpm(1620) ~ 3.24 x 107 V/m.

4. Energia dell'SF,™ per collisione

Usiamo Fion ~ eEgeMmA:
Eion ~ (1.6 x 10719)(3.1 x 107)(6 x 1077)
~ 3.0 x 1078 J.
Convertiamo in eV:

. 30x107"®

Eion = 176 % 10-19 ~19eV.

Per 1620 V:

Eion = 20eV.

Ora calcoliamo g¢y, =

5. Energia nel centro di massa

Eion .

Mr—
SF6

Masse atomiche:

© mgp- ~ 146 u.

o Mmye = 4u.

e mcr, ~ 88u.

¢ (u = 1 unita di massa atomica.)
» Fattore di riduzione:

 PerHe: u/mgpg = % ~ 0.027.
~ 0.38.

. __ 146-88
* Per CFa: i1/ Msre = (125 88).146

e Energia dic.m.:
o He:ecm =~ 0.027 x 20eV =~ 0.54€V.
o CFiéem ~0.38x20eV ~ T7.6€V.

6. Risultato finale

Per Vgem € [1545,1620] V (50 pm GEM, 650 mbar, A = 0.6 um):
e He:eem ~ 0.5eV.
o CFs€cy ~ 7T-8¢eV.

Quindi nel tuo intervallo operativo:

» He é attivo nel regime sub-eV (onset dolce, massimo intorno a 1 eV
« CF, é attivo a energie gia piu alte (multi-eV), con un contributo sigt

grande.



ED & NID energy resolution

Energy resolution

Energy resolution

Energy resolution @ 650 mbar
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Why 290 V inconsistent with other Vgem?

Because at too low gain we miss the tails!
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Gas Gain

Comparison with published results:
atmospheric pressure absolute value
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