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Introduction

There are several questions to answer before going to GSI:

* How many primaries do we expect to use for the next physics run?

* How to divide them over the 2 targets? Should we collect the same amount of statistics for both targets? Not a priori
clear, since targets have different densities and cross sections, and cross section on H is obtained through subtraction

In order to optimize data taking at GSI with 2 targets, we have to keep in mind:
* The cross section subtraction technique
* The limited amount of time available

In December 2020, we introduced the CNAO2020 design (see next).

* TODAY:
* |In absence of dedicated GSI samples, summarize the most relevant conclusions we reached with this CNAO2020 setup
* |ssues about needed statistics to be collected (slides 3-8) Warning: limited to the case of 12C projectiles at 200
* A-reconstruction by ToF and Calo measurements (slides 10-14) MeV/u, but expect similar conclusions for 160 beam

W
* Files just available! A few very preliminary numbers for 160 beam with GSI setup! (slides 15-21) ﬂ/m
AN



CNAO2020 setup: MC statistics used for evaluation

< .. ] Geometry: campaign CNAO2020
MC statistics used for evaluation

2 FLUKA simulation
e 12Cat200 MeV/uonC

e 107 primaries
» 284246 events on file
* 5 mm thickness
* rho=1.83 g/cm3)
e 12C at 200 MeV/u on C2H4
e 107 primaries
* 5 mm thickness
* rho=0.94 g/cm3 a
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Cross section formulas

* Reminder: cross section for production of fragments i on target (neglecting efficiency factors)

Y. A With:
_ Tig t ~ . . )
= (1) 0 ¢ = cross section to produce fragment i on target t [cm~]
N, Ny pe 8¢

Y; ¢ = Number of fragments of type i [ ]
A; = molecular mass of target [g mol™]
N, = number of primary particles [ ]

* This CNAO data taking: N4 = Avogadro’s number [mol]

p; = density of target [g cm3]

&; = thickness of target [cm™]

Oi ¢

e Cbeam on Ctarget
e Cbeamon C,H, target

Yi,C Ac Yi,CzH4 AC2H4 1
Np N, pc 56 (1a) OiC,H, = (1b) Oi H = Z (O-i,CzH4 — 20-1.’ C) (2)

O; ¢c =
’ N, Ny pc,u, 5CZH4

* What we did: derived formulas for cross section errors and relative errors analytically to have a-priori
estimates, and then verified them with MC simulations with N,=107 primaries



Fragment production from 12C @200 MeV/u: yields

Z of fragment i Y, Y, Y; : :
= i LCHy | B Starting with N,=107, how
Yic,n, . ;
many have inelastic
1 334288 207099 1.61 interactions?
2 274852 197885 1.39 From MC simulations:
3 28158 22329 1.26  Carbon: about 6%
4 15405 13240  1.16 * Ethylene: about 4%
5 32617 26699 1.22
6 26183 26396 0.99

* Not shown, but these yields from MC are roughly in accordance with what we derived analytically
 More fragments expected for carbon target than for polyethylene target (remember A and rho!!)
* Ratio between Cyield and C,H, yield varies with Z
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Fragment production from 12C @200 MeV/u: relative errors

* If N, for the C,H, target = N, for the C target, we obtain:

Z of fragmenti Ad;y Ao;c Aoin /A"i.C
, , OiH OicC
Ao;g  1.08 Ao 3 3Aai’c OiH Oic
OiH 0.33 gic ) oic 1 0.87 0.17 5.0
2 0.65 0.18 3.4
* Not shown, but these numbers - - 0.60 58
from MC are in accordance with ' : :
what we derived analytically 4 1.97 0.81 2.4
* Relative error on H target is large 5 1.47 0.55 2.7
* Itvaries withZ 6 1.19 0.62 1.9
. . Aai,H Ao'iC
* If doubling N, for the C,H, target w.r.t. C target, we obtain: p— 2.5 —
i.H i,C
Ao; g Ao
« If4times N for the C,H, target we obtain: —— ~ 2.1 —=
P OiH Oic

Decrease of statistical error is slow... probably doubling N, for the C,H, target w.r.t. C target is enough



Fragment production from 12C @200 MeV/u: cross section

So, let’s derive the cross sections for the case where we have:
» Ctarget: 5x10° primaries
e C,H, target: 10’ primaries
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Still acceptable result with 5x108 primaries for C target, and 107 primaries for C,H, target
Errors: heavier fragments have large errors



What numbers do we expect at GSI?

* Numbers were CNAO202 setup. Assume that at GSI, similar numbers apply (see slides 14-21)

* Assume that we take data at low intensity: about 1000 primaries/s in the spill 2 given that the duty cycle is
50%, about 500 primaries/s

* Firing 107 primaries would take 107/500 s, i.e., 5.5 hours... (shift is about 8 hours)
* As said before, run with C,H, target with double number of primaries

N, for Ctarget | N, for C,H, target Total estimated run time
107 2 x107 5.5+11=16.5 hours: long
5x10° 107 2.7+5.5~8.2 = 8 hours: ok?
4x10° 8x10° 2.2+4.4~6.6 < 8 hours: ok

* Summarizing:
* we need more primaries for the C,H, target than for the C target
* Given the slow decrease of the error on a— , probably for a given energy we can point at n*10° primaries of
C and 2n*10° for C,H, , preferably with n not too far away from 5.
* Largest relative errors on cross sections for larger Z (say Z=3)



Isotope Identification and A reconstruction:

overview See physics meeting May 5

Goal is to do a combined TW+Calorimeter analysis in order to extract
* Areconstructed vs A true: how good are we in detecting a given fragment with true mass A ?

e Zreconstructed vs Z true: how good are we in detecting a given fragment with true charge Z?

MC truth TW MC truth Calo analysis: MC local reco TW MC local reco Calo analysis:
analysis: Evaluate crystals fired in analysis: Evaluate crystals fired in each
each event and what energy Evaluate bars fired in event and what energy

Evaluate bars fired in
each event, dE
TOF, A truth, Z truth

2 1 4

each event, dE

TOF, Zreco ‘ !

Airue and Z e in “good” TW Areco and Z,., in “good” TW
positions, i.e., TW positions positions, i.e., TW positions
with a crystal behind it ith a crystal behind it

COMPARE event per event in a fired (true) position



Analysis MC local reco

See physics meeting May 5

Determine energy and TOF in front and rear bars
starting from TWpoints.

Select only positions (a crossing between a front

and a rear bar) that are associated with bars with:

e >=1 MeV in Front bar: fired bar
e >=1 MeV in rear bar: fired bar

Verify for that position the front-rear consistency:

|Er — Egl

(Er + Eg)/2
If position passes, call it ‘fired position’
For ‘'good’ positions (calorimeter behind),
evaluate associated calorimeter deposit (see
next)
Store a global event reconstructed value for A
and Z for that position

* Makes only sense when 1 fragment
passes per position (see slice 10)

< 0.05

HNEEEEENEEEEEEEEEEEE

Enable TWZmc n
Enable TWnoPU n
Enable TWZmatch vy

(&

Z: use Z from TWPoint (a true Z associated to the point)

A: reconstruct it from: Ecalo

~ 931.5(y-1)

J




MC reco: Delta E vs TOF for selected positions

See physics meeting May 5

For each position in each event,
evaluate for the fired positions

AEcy vs TOF
MC reco: AEscy vs TOF in whole TW MC reco: AEgcy vs TOF in centre TW
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[To be investigated and redone with more recent TOFpoints code }




Analysis MC local reco: calorimeter deposits

See physics meeting May 5

e Starting from Clusters, in each event fill 9 crystals (threshold 10 MeV)

* Checked for a fired TW position which crystals can be associated to it (neighbours)
* Examples below

 Sum the energy of the associated crystals in each event

* Threshold 10 MeV (tested various thresholds)

* Then we have for a given ‘good’ TW position:
* the gamma (from beta)
* the calorimeter energy

2 5|

IH .

— Ecalo
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Local Reco: TW+Calorimeter | Y v

“Cross-feed”
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* To be investigated: the reconstructed A.
is somewhat low (see next)

*  Example Aycirue =11: relative efficiency to

be riconstructed correctly is 80%

For the moment, positions that are
associated with double hits in a bar
are excluded
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Local Reco: TW+Calorimeter

Mass resolution for heavy fragments about 2-3%
Mass resolution for lighter fragments worse (5-
8%)

Underestimation of mass: seems related to value
of the TOF of the TWPoints, to be redone in New
Geom branch...
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GSI 2021: influence of target: C vs C,H,

ch q 160 @200 MeV/u - C target — 106 primaries 160 @200 MeV/u — C,H, target — 10° primaries
arge
secon d aries Z vs A Isotopes arriving to TofWall Z vs A Isotopes arriving to TW
N N
produced in = =10 =
target arriving 10 " 1of )
at TW 8 E ” 8: -md E
6 - :
. - 02 6 B --wu---ugeo---me---E.
Consider 1 cm : _ ‘ i B -
. 4 e on § et
thickness target i - critee 56723 *r = Zhion
3 2| . . Meanx 5736 10 x o = Eniies 54915
fo r C2 H4 ’ : 9373 4619 1911 .l\?n,:jalge):/x 421.22(23 2: wzr s I Mean y 2..941
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Yic
Y c,u, about 1.4: similar as at CNAO! v, .= NpNy pc 8¢oi ¢ . NNy peyu, Oc,m,0c,m,
LG i,CobHy, —
Remember: C, H, has larger g, but lower p and larger A Ac 2 AcyH,




GSI 2021: influence of beam energy: 200 vs 400 MeV/u oxygen

160 @200 MeV/u - C target — 106 primaries  '°0 @400 MeV/u - € target — 10° primaries

Charged Z vs A Isot iving to TofWall
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secondaries N s A Isotopes a g to TofWa |
i b 10t 12 E t‘ZATWI%rgsw ]
B = ntries 85518 |-
produced in ' : ' vons  a4se| | = 10
10 _ L Mean y 2.345 =
Cta rgEt i 1 10 StdDevx 4.128| |
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u ] e
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0 400 Mev< T200 Mev | criios 6723 | | M - |
B : Mean x 5.736 B : 10
2 B 300019532 . ...... Mean y 2952 .. 2 B m‘l%ﬂ'l.
- 9373 4619 1911 Std Devx 4.663 - 2153310376 4643
B Std Devy 2.261 0 B
o [ 111 | 111 [ 111 | L1 1 ‘ 111 | [ 1 L1 L1 1 L1 1 L1 | 11| 11| 11| I | | | 11 1
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 A
A

* Light fragments: Nfragw@400 MeV > Nfragr, @200 MeV (larger boost at 400 MeV)
* Heavy fragments: Nfragry@400 MeV < Nfragrw@200 MeV (were already produced in center)




GSI 2021: influence of beam energy: 200 vs 400 MeV/u oxygen

Charged °0 @200 MeV/u — C2H4 target — 10° primaries 160 @400 MeV/u — C2H4 target — 10° primaries
secondaries Z vs A Isotopes arriving to TW Z vs A Isotopes arriving to TofWall
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* Light fragments: Nfragry @400 MeV > Nfragryw @200 MeV
* Heavy fragments: Nfragy@400 MeV ~> Nfragmy@200 MeV
* Why different from C target? Presence of H atoms...




GSI 2021: TW vs calorimeter (central module)

Charged 160 @200 MeV/u — C target — 106 primaries ~ °0O @200 MeV/u — C target — 10° primaries

secondaries Z vs A Isotopes arriving to TofWall Z vs A Isotopes arriving to Calorimeter
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e Light fragments: we mostly loose them
* Heavy fragments: we mostly see them




GSI 2021: TW vs calorimeter (central module)

160 @200 MeV/u — C2H4 target — 106 primaries 1°0 @200 MeV/u — C2H4 target — 10° primaries
Charged
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e Light fragments: we mostly loose them: hardly any light fragments in TW pass by central calo module
* Heavy fragments: we mostly see them!
 Example: Z=8 in Calo, we get 80% of what’s in TW, Z=7 we get 70%, ... Z=2 we get 10%, Z=1 we get 5%




GSI 2021: TW vs calorimeter (central module)

160 @400 MeV/u — C target — 106 primaries ~ °0 @400 MeV/u — C target — 10° primaries

Charged . |
_ Z vs A Isotopes arriving to Tofwall Z vs A Isotopes arriving to Calorimeter
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* Light fragments: we mostly loose them
* Heavy fragments: we mostly see them
* Example: Z=8 we get about 100% in Calo of what we get in TW!!!!




GSI 2021: TW vs calorimeter (central module)

160 @400 MeV/u — C2H4 target — 106 primaries 160 @400 MeV/u — C2H4 target — 10° primaries
Charged
secondaries Z vs A Isotopes arriving to TofWall Z vs A Isotopes arriving to Calorimeter
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* Light fragments: we mostly loose them
* Heavy fragments: we mostly see them
* Example: Z=8 we get 93% in Calo with respect to TW




Conclusions

1. Conclusion from CNAO2020 studies: For measurements, we can point at n*10° primaries of C and
2n*10° for C,H, , preferably with n not too far away from 5.

N

Consider possibility to use target of 1 cm for C,H,

w

We had a first look at A reconstruction with 9 calorimeter crystals
* CNAO2020 setup, 200 MeV/u 12C on C target

GSlI preliminary numbers: we believe that “"CNAO2020” numbers in 1) still hold
More detailed discussion in next physics meeting
In central calo model can study A reconstruction of heavy fragmenst: Z=8, 7, 6 ...

N o U os

To be done:

* Analyze GSI samples available since a few days

* Upgrade to newgeom branch

* Decide strategy on how to determine A and Z cross feed and efficiency in more detail



See also

https://agenda.infn.it/event/25078/contributions/127067/attachments/81143/106200/2021_April_FOOTExpe
ctedMassResolution_v1.pdf

https://agenda.infn.it/event/24595/contributions/126307/attachments/77646/100112/20201210 FOOTCollab
orationMeeting_v1.pdf

THANKS
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Software used

e Ran DecodeMC on CNAO2020 production: 12C on C target 10’ primaries
e Master branch (March 30 2021)
* Macro developed starting from Giuseppe’s/Yun’s ReadShoe.C and Lorenzo’s
PrintCalClusMclInfo.C (and shoe tutorial studied)
 MC truth
 TAMCntuhits (using shoe-tree branches of TW, Calo, STC)
* mcNtukve
* MC local reco
e TATWntuPoint for TW
 TACAntuCluster for calorimeter



R;@amFualdngsrl;r'e (gﬁglgﬁo%oégoq;ftl}gmcersE‘cmsLdlf‘haa% ion beams (C, O) on tissue like

targets (H, C, O)

* Reminder: cross section for production of fragments i on target (neglecting efficiency factors)

Yie A
- 1\; N, p, 5, M
p N4 Pt O¢

O-i,t

* This CNAO data taking:
e Cbeam on Ctarget
e Cbeam on C,H, target

Yiec Ac
Ny Ny pc 6c

Oic= (1a)

* For the targets inherited from GSI:

With:

0; ¢ = cross section to produce fragment i on target t [cm?]
Y; ¢ = Number of fragments of type i []

A; = molecular mass of target [g mol]

N, = number of primary particles [ ]

N, = Avogadro’s number [mol]

p: = density of target [g cm3]

&; = thickness of target [cm™]

Yvi,C2H4. AC2H4 1
(1b) Tin =1 (0ic,n, — 201 c) (2)

2114 5‘
Np IVA FC2H4_ CoHy

* 8¢ =06¢c,u,=5mm, pc=183g/cm?, pcy=094g/cm?, A, ~12gmolt,  Ac y ~28 g molt



Reminder; cross section formulas

* Reminder: statistical errors on cross section for production of fragment i on target (neglecting efficiency
factors). Essentially they are only determined by the yield of the detected fragments

Ao; , = b L (3) 0; ¢ = cross section to produce fragment i on target t [cm?]
' Np Ny pt 6t Y; ¢ = Number of fragments of type i []

A; = molecular mass of target [g mol]
N, = number of primary particles [ ]

* This CNAO data taking: N, = Avogado’s number [mol]
« Cbeam on C target p¢ = density of target [g cm™]

&; = thick f target [cm™
e Cbeam on C,H, target ¢ = thickness of target [cm]

JVYic Ac

Ny, Nppcdc

VYiCyHy AcyH,

Np N4 PCcoHy 5C2H4_

1
(3a) AO—i,CzH4_ = (3b) Ao-i’H = Z\/(AO-LCZI_M- )2+4‘(A0-i' C)Z

(4)

AO'iC:

* For the targets inherited from GSI:
* 8¢ =06¢cu,=5mm, pc=183g/cm?, . pcy =094g/cm3, A ~12gmol?t, Acpy,~28 g molt

i : o :
| :@_t Note that targets have the same thickness = for the same nr. of primaries, the measurement with the C,H, target,

o Ik having a density smaller by a factor of ~2 w.r.t. the carbon target, will have a larger relative statistical error



What errors do we expect?

* What can we expect for Ao; y, Ao ¢ and Ao ¢, y, if the same number of primaries is used on both
targets? (efficiencies same)

» Using 200 MeV/u carbon ions, assuming similar cross sections , we estimate for fragment type i for our
targets:

Yic _  0ic pc AcmH, (5)

YicH,  OicyHy PC,H, Ac

Yic ~454-%€ ~1.4 (7)

YicH, OiCyHy

1
A0, 1 = 7| By, ) +4(80, )?

_1 V2 -2 ©) Aoicony _ |YicH, pcAcH, . |1 _
= L{\/(3.8Aal, c) +4Aal’ c porc Vie  pos Ac ~ |—4.54~3.84 (8)
~ ZV 18.8A0; ; Aog;, . = 1.08 Ao; .
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What errors do we expect?

Ao; Ao;
i,H i,C

* But actually, what matters are the relative errors...
OiH Oic

1 1 0i,CoHy 1 1
O, y _Z (O-i,CzH4 —ZO'i C)_Zo-i,C( o —2) NZO-i,C (—03 —2)~033 gic
) ’ ic )

Ao; y = 1.08 Ao, 9)

Aoy N 1.08 Ag; ¢ ~33 Aojc (10)
OiH 0.33 oic Oic
For the same nr of primaries in both target runs, relative
cross section error on H is > 3 times larger than that on C
(the most accurate case)...
* Does it depend oni? (type of fragment?) = see slide 9
and further (MC)



What it we double the statistics of the C,H, run”?

* If doubling N, for the C,H, target w.r.t. C target, we obtain:

Aoy Ao

~ 2.5

(12)
OiH gic Decrease of statistical error is

slow...

~2.1— (13)
OiH Oic

* If4times N, for the C,H, target we obtain: .

In the case of do/dE and do/dQ2, the correct numerical factor of course depends on the actual value

o
of % (or equivalently —-CHs ) in each AE, AQ bin for each secondary fragment type of interest, i
i,C lC

A factor 2 more for the C,H, target than for C target the is the ‘minimum’ we should do
(assuming same target thicknesses of 5 mm for now. We can also increase them if needed...)

Let’s now try to confirm some of these considerations with MC and check behaviour of different fragments
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Determine energy and TOF in front and rear bars (TAMCntuHit
*twMChits)

Select only positions (a crossing between a front and a rear bar) that are
associated with bars with:

e >=1 MeV in Front bar: fired bar
e >=1 MeV in rear bar: fired bar
Verify for that position the front-rear consistency:
|[Ep — Egl
(Er + ER)/2
If position passes, call it "fired position’

For a selected position, find the corresponding hit and evaluate true Z
and A

* Makes only sense when 1 fragment passes per position
If a fired position is one of the 9 central positions, call it ‘good’

< 0.05

F
—

[TTT T TTTT T TTITTTTIT]




For each event, count N, i.€e.,
number of bars that are fired
(=DeltakE>1)

* In whole TW, average nr of hit bars
per layer ~2.2

* Even when considering only central
bars, still often multiple bars fired

~ J

Whole TW: MC truth N, in front

30000

25000

20000

15000

10000

5000

MCtrue nbars_f

Central bars (8,9,10): MC truth: Ny, in front

MCtrue_nbars_f_cen ]

Entries 100000
Mean 2.259

Std Dev 1.073

_IIII|IlII|IIIIIIIII|IIII|IIII|III

0,

<

Whole TW: MC truth Ny, in rear

30000
25000F
20000
15000f
10000}

5000}

c_IIIIIIIIIIIIIIIIIIIIIIIIlII

=]

Entries 100000
Mean 0.7843
Std Dev  0.6772

n

Central (8, 9, 10):MC truth

: Npars in rear

MCtrue_nbars_r

Entries 100000
Mean 2.247
Std Dev 1.069

o_llllllllllllll|IIII|IIII|I

o

MCtrue_nbars r cen

Entries 100000
Mean 0.7853
Std Dev 0.6786




Example:

Event has N,=1,
since energy deposit
in F and R is typically
similar

Events like this would
typically result in
N,0s=2, given that two

different fragments
leave different energy
deposit

10

10°

102

10

* For each event, evaluate how many of the positions are ‘fired positions

(strongly correlated with nr of fragments passing)

Nr of positions N, fired per

event (entire TW)

MCtrue_npoints |

— | Entries 100000
E Mean 0.9439
§ StdDev  0.9286
3 jj

E

E LL
:....l....l....l..“l....l....l“..l....l ........
0 1 2 3 4 5 6 7 8 10

’

Nr of good positions N, fired per
event (central positions)

ry
o
w”

104k

10°k

MCtrue_npoints_cen
Entries 100000
Mean 0.2099
Std Dev 0.4141

About 65% of all events fire at least 1 position in the TW

About 15% of all events fire at least 2 positions in the TW
About 20% of all events fire at least 1 good position (with calorimeter

crystal behind)




For each event, evaluate for the

120~ 5 120 :
100:— [ PR | 100—_ f
80:— 80:—
Banaaae man samaaszaal : B
=V =BV .
graae= ais em=assay 20:— 20:_
1 1 0 1 PEFETEE S T A - ”.-:."-"'..“:; PR B
—— / Zzfizizzziz i / 6 7 8 9 10 11 12 13 O - > T3
* In centre positions, dominated by heavy fragments (no surprise)
S ESEEEEBLE BESEBSEEEL COITTITIT I o

Positions associated to bars with more than 1 hit can disturb Z identification. But only at most 6%.




For each event, select the fired
positions (see slide 4) that are

la\lssoc'lated with bars that have ALL MC truth: AEscy vs TOF in whole TW CENTRE MC truth: AEsey vs TOF in centre T
hits— - — - = = =
Evaluate AEgqy vs TOF 120 120 2
100:— / 100:— /
T, E—— a0l | aof-
QERiEeE Nem mmmemzmauy 40:— X 40:— ol
Exmzmamauam mami —————— / 20— 20— b
g - i -
| o errmrarss e NN I oL = e st ENPRPRN IR B
6 7 8 9 10 11 12 13 6 7 8 9 10 1 12 13
B REINANEEEE NENAREEEEg COITTITIT I

[ Excluding such events with bars with double-hits, distribution is clean ]




column—»0 1 2 3 4 5 6 789 10 1112 19
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0 0 1 19

1 20

2

3 Y-(from

4

5

6

; (0,0) in front

o X : 49— bar 9 and
(from TAN Ceve Track) rear bar 9

19 380 399




Mass isotopes for carbon target

@ A_Z1
x1
180 N A—Z1
160 Entries 334288
140 Mean 1.644
120 Std Dev  0.7189
100
80!
60!
40
20 H
A0 2 3 ; é
A_Z4

F A_Z4
10000—

[ Entries 15405
8000— Mean 7.846
Gm:_ Std Dev 1.171
4000 ;—

2000 E— ” "

SIS SN Ju S
: A_z7 ]

asf- Entries 45
- Mean 12.16

*E Std Dev  0.3624

25;—

20 é—

15/ ;—

10! ;—

0 ; é & lb 12 lh 1% 1; 20
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220
200
180
160
140
120
100
80|
60|
40,
20|

A_Z2

A_Z2

Entries
Mean
Std Dev

274852
3.841
0.4515

©

25000,

w

A_Z5

o
oF

7

20000

15000

10000

5000

TTT T[T T T T [TT T T[T TI[TTTT

A_Z5

Entries
Mean
Std Dev

32617
10.72
0.6388

1.8
1.6
14
1.2

-

LA LAY AL ALY LA LR LA ALY LALI AL B

0.8,
0.6
0.4
0.2

A_Z8

Entries
Mean
Std Dev

13
0

A_Z3
Entries
Mean
Std Dev

16000~

28158
6.558
0.6227

14000f—

12000~

10000 —
8000 —
6000 —
4000 —

2000

L 1
10 12

A_Z6
Entries 26183
Mean 11.02
Std Dev  0.3911

o
L ==

A_Z6

22000
20000
18000
16000
14000
12000
10000
8000
6000
4000
2000

Use to extract average mass for carbon target
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Mass isotopes for C,H, target

A_Z3

A_Z1 A_Z2 r
120 _—wx - A_Z1 160 - A_22 12000:— - A_23
b Enties 207099 | o Entries 197885 | | Entries 22329
: Mean 1.61 120 Mean 3871 | "F Mean 6.504
80;_ Std Dev 0.707 100 StdDev 0.4177 °°°°:_ Std Dev 0.5931
50:— 80| 6000}
a0l 60 40005—
20:_ H “ H 20005—
- 20 s 1
o 2 3 0 $ o 1 5 3 L 3 K 7 0 8 0 2 14
A zZ4 A 75 A_Z6
ooy A_Z4 13000 - A_Z5 2o A_Z6
- Entries 13240 - e ook Entri 26396
s000|- 16000 Entries 26699 | oo nines
- Mean 7.706 14000F- Mean 10.59 ::x:; Mean 11
s000f— Std Dev  1.099 lzooo;— SidDev 06613 ::::: StdDev  0.3698
10000f E
3 - 10000F—
4000/~ 8000}~ s00of-
: 6000 6000
2000~ 40005— :::E:
|| 2000:— nE 1 1 L 1 _l l 1 1 1
o 1 1 1 1 1 - . . . i . . . . 2 4 6 8 10 12 14 16 18 20
2 4 6 8 1 12 ° 2 4 6 8 10 12 14 16 18 20

A_Z7 A_Z7
70 A_Z7 T0F A_Z7
60 Entries 68 soi— Entries 68
s Mean 12 sof- Mean 12
w Std Dev 0 wf- Std Dev 0
30 30;—
20 20;_
) 1of- Use to extract average mass for C2H4 target
S B R e Lot s e
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