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Method to propagate systematics on Aahad(t) (1)

From cross section ratio, at NLO VP:

doayet/dt |1 = Aoygp(t) — Acnaa(t)]”

dore/dt |1 — Aoyey(t) — Acd,(1)|?
B 1 — Aayres (1))
1= Aauep(t) — Aaj,, (1)

Rsyst (t)

Developing in had running, modified by systematic effects, we can evaluate directly
systematics on final fit:

Rayst() ~ |1 = Atres (O] - [1 + 2(Actiep(t) + Athq(8))
+3(Aatep(t) + Ahaq(t))? + 4(Datep(t) + A (8))°]

In concepts, at least there are two important ratios:

d effec
Refrect (O) = Toftect (O) = knowledge (measurements, models)
dano effect (O)
dareco effect (O)
= R,,:(0) = :
Y t( ) daeﬁect(o)



Method to propagate systematics on Aahad(t) (2)

Reference formulas:

t= tee — 2"ne (me o Eé(ee))
_ o2 (1 14 72 cos? 96) dt 4m2’r2 sin 20,

df.  (r2cos?6, — 1)

1 —1r2cos?6,

4m?2r? cos? 6,

- Y
r2cos? 6, — 1

Ratio Rsyst in electron scattering angle, in general:

dasyst/dee o dO'sySt/dt (dt/dee)syst (dt/dge)syst

dO‘Tef/dee - dO‘Tef/dt (dt/d@e),,.ef (dt/d@e)ref
1= Aapg O 73y (reycos”0e —1)°

|1 o Aalep[t(ee)] o A&;m,d[t(ee)”2 ’I"?ef (T2 cos? O — ]-)2

syst

Rsyst (08)

— Rsyst [t (96)] )

%

Ratio in case of no variation of beam energy (average value):

N 1 — Aayes[t(0e)]]°
|1 o Aalep[t(ee)] o Aa%ad[t(ee)] |2

Rsyst(ee) — Rsyst [t(ee)]



Method to propagate systematics on Aanhad(t) (3)

Systematics effects | evaluated in the present work:

do(recoenergy) do(Ey+ AFE)
RS S — — b Y
¥** ™ do(nom energy) do(Ep) (beam cnergy)
_ do(recowidth)  do(wWyeam ® wpsM)
Royst = do(nom width) do (Wheam ) (beam spread),
do(recoMS)  do(MS + A%) . .
Rsyst = = Itiple scatt :
¥ = J (nom MS) do(M9) (multiple scattering)

Method for final pseudo-fit:

[ assumed an usual parametrization for Aapqq(t), namely this pol3:
Acpag(t) = [0] -t + [1] - 2 + [2] - 2, (13)

fitting distributions of pseudo-points in £, but also in z for cross check, using
MUonE master formula:

I(z) = %(1 — z)Aapqlt(z)] = %(1 — ) ([O]t(a:) + [1]#3(z) + [2]t3(:1:)) ,  (14)
with ) o
t(z) = zf"{ (15)




Zero systematics check: only stat, Rsysi=1

al"° NO systematics. Ref timelike value: 563.624e-10

400 — hresults
- Entries 3000
350 — x2 / ndf 21.53/20
E Constant 392.9+8.8
300 — Mean  5.636e-08+ 3.116e-12
— Sigma  1.695e-10+ 2.233e-12
250 —
200 —
150 —
100 —
50—
0 :I I l I l | L l | L L L L L Ixd 0_9
55 55.5 56 56.5 57 5
aELO

FCN=21.531 FROM MINOS  STATUS=SUCCESSFUL 21 CALLS 145 TOTAL

EXT PARAMETER STEP FIRST

NO. NAME  VALUE ERROR SIZE  DERIVATIVE

1 Constant  3.92895e+02 8.84723e+00 -6.05216e-02 -7.86928e-09
5.63623e-08 3.11553e-12 4.28947e-15 -2.53976e+05

2 Mean
3 Sigma

EDM=7.21333e-07 STRATEGY= 1 ERROR MATRIX ACCURATE

1.69454e-10 2.23295e-12 2.23295e-12 -2.36891e-02

t range [-0.123,-0.00147] GeVA2

Time-like reference in x [0.3, 0.923]: apHLO = 563.624-10-10

From pseudo-fit: apHtO = (563.62 = 1.69)-10-10 -> 0.3% stat precision



Energy scale systematic:
average value mis-calibration
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Systematic error due to

energy scale mis-

calibration on ratios Rsyst

~ 10A7-5 at peak, as we known
(from “equal angle studies”),
but not flat behavior causes a
not simply propagation.

in t, the effect is ~ 2*10/N-5 at
peak
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syst +5 MeV, fit on t: +1.3% timelike
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* pseudo-points with syst+stat

— fit with syst +5 MeV

x? / ndf

p0
p1
p2

89.33/97

—0.009263 £ 6.083e-05
—0.01936 = 0.002349
—0.04595 + 0.01836

| |
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syst +5 MeV, fit on t: +1.3% timelike
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x? / ndf 89.33/97
p0 —0.009263 + 6.083e-05
p1 —0.01936 £ 0.002349
02 ~0.04595 + 0.01836

* pseudo-points with syst+stat

— fit with syst +5 MeV

| | | | | | I

| |
-0.12 -0.08

|
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.06
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Propagation on Aahad(t):

syst error of +5 MeV
(Eo = 150 GeV)

Time-like: apHO = 563.624-10-10

From this single pseudo-fit:
apHlo = 571.2:10-10

As we roughly could expected,
an effect of ~10/-5 gives a
percent systematic on final
value: 10/A-3 * 1% = 10A-5.



Propagation on integrand: effect of +5 MeV (Eo = 150 GeV)

syst +5 MeV, fit on x: +1.3% timelike

. x10°
Z0.18—
- 2/ ndf 89.33 / 97
0.16— PO ~0.009263 + 6.083e—05
Z p1 —0.01936 £ 0.002349
14 p2 ~0.04595 + 0.01836
0.12—
0.1—
0.08—
0.08 :_ * pseudo-points with syst+stat
o — fit with syst +5 MeV
0.04|— UL
— ; a e
002~
: | | | | | | | | | | | | I | | | | | | | | | | | | | | | | | | | | | | | |
0.3 0.4 0.5 0.6 0.7 0.8 0.9
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Systematic shifts on final apHLO: effect of -5, -2 MeV

Energy scale systematic (-5 MeV, -2 MeV) on aELO

— -1.38% < '

400 — -0.55% ——

350 —

300—

550 — Entries 3000
= -2 MeV x2 / ndf 16.84 /20

200 f_ Constant 378+ 8.4
— Mean 5.605e-08 + 3.239e-12
- Sigma 1.764e-10 £ 2.249e-12

150 —
: Entries

100 —

50— o el
— o1lgma 10+ 2.285e-12
0 ,:f = | I | | | | x1 0_9

55 55.5 56 56.5 57 5

Time-like: apHLO = 563.624-10-10

From pseudo-fit: apHto = (563.62 + 1.69)-10-10 -> Statistical only
From pseudo-fit: apHto = (5660.53 = 1.76)-10-10 -> with syst of -2 MeV on 150 GeV
From pseudo-fit: apHto = (5655.80 = 1.71)-10-10 -> with syst of -5 MeV on 150 GeV
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Energy spread systematic:
beam width mis-knowledge

11



R« spread

R

spread 3% effect on do

o = eam

S | — T e - Effect and systematic
0.909%8 S -+ error due to beam spread
0.99996: / . on ratios R

: yd z
0.99994_ _|
0.99992: -

- effect o

f M2 natural spread at 3%1

0.9999 i
- \ / n cross section .
0.99988 \/1 .
— —] . do—eﬁ'ect(O)
0.99986: : Rt (O) = 7o e (O) = knowledge (measurements, models)
| | | | | | 1 | | | | | | | | | do—reco effect. (O)
0.005 0.01 0.015 0.02 0.025 0.03 =
electron angle (rad) = Roya(0) = dOofrect(O)
Rqyst = Syst error from 0.8-0.5% BSM resolution
© 1_ T T T T T T T T T
© [
S 0.909990 /—* - For this estimate, | worked on
& 0669998 ~ ,/"f - previous Graziano’s study on
2 609357\ / / = evaluation of beam spread effect. |
| = \_// // s used the same ratio in order to
0.999996 |- - = - .
- — syst errors on cross section evaluate this syst:
099999512 0.5% BSM precision -
0.999994 / =-systerrors-oncross section| g, ,_ dolrecowidth) do(Woeam @ Wasn) 400 oorond),
0.999993 7 \ / 0.8% BSM precision = do(nom width) 45 (team)
0.999992f \ f
[ / _]
0.999991— \/ _
0.99999 = — l0.005I 0.01 | ]0.015| | 0.02 — I0.025I - 0_.03

electron angle (rad)
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e

AoLhad

Beam spread systematic: without / with BSM at 0.8%

0.001 x2 / ndf 80.93 /97
0.0009 5 PO —0.006178 £ 6.083e—-05
‘ = p1 0.02251+ 0.002349
0.0008 — p2 0.1241+0.01836
— |
0.0007 — x? / ndf 90.28 / 97
= PO -0.008962 + 6.083e—05
0.0006 = } p1 ~0.01721+ 0.002349
0.0005 - | p2 —0.04123 + 0.01836
0.0004 ™
0.0003—  Pseudo-points (syst+stat) 3
— — fit with syst 0.8% BSM %
000927 _ fit with no momentum knowledge
0.0001— — time-like -
= | I I I | " M
-0.12 -0.1 -0.08 -0.04 -0.02 0
t (GeV"2)
10 Beam spread systematic on x, with BSM at 0.8%
X0.18—
L P
018" * pseudo-points (syst+stat) i
014 — fit with syst 0.8% BSM
- — time-like
0.12—
0.1—
0.08—
0.06—
0.04 —
0.02— 5

[T

| | | | ] | | I | | | ] | | | | | I 1 | | | | | | | | | | ] | | I | | | |

0.3 0.4 0.5

0.6

0.7

0.8 13 0.9

X

Propagation on Aahad(t):

effect of momentum
measurement at 0.8%

Time-like: anHtO = 563.624-10-10

From this single pseudo-fit
with NO momentum knowledge:

apHlO = 438.15-10-10

From this single pseudo-fit
with BSM at 0.8% precision
on momentum:

apLO = 554.5-10-10

~ -1.6% difference from timelike.



Systematic shifts on final apHL0: effect BSM at 0.8-0.5%

Beam spread systematic (0.8-0.5% BSM) ona”

— -1.6% <
400 — -0.64% <
350 —
300—
= Entries 3000
250 — x? / ndf 26.57 / 21
— Constant 387.9+8.5
200 — Mean 5.6e-08 + 3.2e-12
= BSM 0.8% Sigma 1.713e-10+ 2.097e—1|2
1 50 :_ En {ries 3000
— ¥z / ndf 0.80/18
100 :_ |'.'J--f{3' an ":%‘I_ (
E Igma ] 2.4 12
50—
0 = | | | | | | | LA 0_9
55 55.5 56 56.5 57 5
gHLo

Time-like: apHLO = 563.624-10-10

From pseudo-fit: apHto = (563.62 + 1.69)-10-10 -> Statistical only
From pseudo-fit: apHto = (5659.97 + 1.71)-10-10 -> with BSM at 0.8% precision
From pseudo-fit: apHlo = (554.62 + 1.74)-10-10 -> with BSM at 0.5% precision

14



Multiple scattering systematic:
angle smearing mis-knowledge

15



LO smeared / LO

LO smeared / LO

Systematic error due to MS mis-knowledge on ratios

MS effect on cross section MS syst error on cross section
ME 1001 — ratio fake (CMS+1%) / CMS
108 LOsmeared / LO = effect ratio 1.0008 o o
— u — 0‘ ¢¢¢
1.06— best solution vs CBC 10006 Ry ot (0) = recocfect () bt
- ,_..\ - syst do (O) M/
1.04 - / \ .................... 1.0004 effect M%
1.02 : ; oIS N, . W 1.0002 j + M# . —
15%_,, \ 122‘ . “QHM’, % ’I\Eﬂntries 9.62550481e;;g
'E \ = -+ RMS. 0.01013
0.98 — A0 offoct (O) 0.9998 1 gz / ndf 22.416+/ ésg
- R t(O) = \ i fit-ranae-[10..20].mrad p 0579+ 0.051
0.96 eltec dUnoeffect(O) 0.9996 |~ HE-faRg e+ - ke
0.94F 0990 fitrange [20, 30] mrad . fit with [0] + [1]*xA2
0.923 0.99923
0'90_ | 0.01 | | 0.02 | | 0.03 | | 0.04 | | 0.05 0'9990_I - I0.005I — I0.01I - I0.015| - I0.02I — b.025| | I0.03| — I0.035
electron angle (rad) electron angle (rad)
Rq,st = Syst error due to MS mis-calibration at 1e-03 / 5e-04
1 005 | g 1 .00005 B T T T T | T T T T | T T T T | T T T T T T T T T T T ”;J’[:,ri" B
osLOsmeared/LO = effect ratio < L RO = A0 roco offect (O) -
L I : - syst — _
- best solution vs CBC - A0 eftect (O) :
1.003 - AT offect (O B . =
- Reftect (0) = ——— ((O)) T M0 R0.1% MS mis-calibration :
1002} no effect | ST - +0.05% MS mis-calibration -
- T T 1.00002 - -
1.001F et 5 .
% ::if*ﬁfﬁi_liit_ﬁ:ii‘3“"'_' | 00001 //;
1_]_ l : :.::::"-_—-—-——_----/ :
0.999 I I : : I I I I I I l I I 1 I ! I I I I I I I I I I | I | | | | | | | -
0 0.002 0.004 0.008 °-°2?ectron angle (rgd()” 0.005 0.01 0.015 0.02 0.025 0.03

electron angle (rad)

- For MS, | used our previous fast-MC studies and Fedor ones for comparisons.
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MS syst effect at: 1e-02 / 1e-03 / 5e-04

2 oootzf | Propagation on Acthad(t):

5 - * pseudo-points with syst+stat B P g had( )
0.001 = * with +1% MS mis-calib (~GEANT) 5 effect of MS at various
BRSNS — fit with +1e-3 MS mis-calibration - . . . | |

- \ _ fit with +5e-4 MS mis-calibration |  Mis-calibration levels
0'0008_ ‘m\ timié-like .

0.0006: S~ - -

B awi _ mo-like: agHLO — .1N-10
00004 \\\ - Time-like: ap 563.624-10
200021 /| From this single pseudo-fit

- o o o ™ With +0.1% MS mis-knowledge:

-0.12 0.1 ~0.08 ~0.06 ~0.04 ~0.02 t(GeVAz(g auHLO = 5.97.1 .10-10 -
MS syst effect at: 1e-02 / 1e-03 / 5e-04 ~ +6% difference from timelike.
\_,:,/‘310_3 T T T | T T T T | T I T T T T T T T T T T
g From this single pseudo-fit
— with +0.05% MS mis-knowledge:
e auHL0 = 570.2:10-10
s ~ +1% difference from timelike.
107
10°°

—0.05  -0.04




- 0.2

Propagation on integrand: MS effect at various levels

MS syst effect at: 1e-02 / 1e-03 / 5e-04

0.18

0.16

0.14

0.12

0.1

0.08

0.06

....................... — : ........ e *,LT AL ........................................... ................................ pseudo.pouﬂs w|th syst+stat. T
ORI U e f * with +1% MS mis-calib (~GEANT)

.................. — e S T — ...4f|.t...w.|t.h....-.|...1.e...3...|\[|S m|s-ca||brat|on
: e : :

R — fit W|th +5e-4 MS 1 mis- callbratlon

0.04

0.02

x

As we have already known, Geant precision is very far from required one, so we must fit the
MS systematic behavior using data and necessarily correct it.
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Systematic shifts on final apHLO0: MS effect

MS systematic at: 1e-03 / 5e-04 on aELO

N >
— +6%
i +1.2%
500 MS at +1e-03
400 ——
H Entries 3000
| %2/ ndf 14.71 /15 MS at +5e-04
300: Constant 551.1+ 125
I Mean 5.705e-08 + 3.166e-12
H Sigma 1.729e-10+ 2.325e-12
200l Entries 3000
| ¥2/ ndf 7.063/13
| Constan 540.4 2.4
100H Mean  5.979e-08 + 3.256e—12
| Sigma 1.77e-10 + 2.49e—12
O |_ | | | | | | | | | I | | | | | | | | L | | | | | I | | | | | — | | ><1 0_9
53 54 55 56 57 58 59 60 61
aELO

Time-like: apHL0 = 563.624-10-10

From pseudo-fit: apHlO = (563.67 = 1.72)-10-10 -> Statistical only
From pseudo-fit: apHtO = (597.89 + 1.77)-10-10 -> with 0.1% MS mis-knowledge
From pseudo-fit: apH© = (570.52 + 1.73)-10-10 -> with 0.05% MS mis-knowledge

19
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MS (at 1%) correction

= 0.001—=
g 0.0009—
0.0008 —
— g .
0.0007 — e
0.0006— " NN
— e
0.0005 —
0.0004 — _
— * pseudo-points (syst+stat)
0.0003— at +1% MS mis-calibration (Geant)
00002 — fit with pol2 in t
0.0001—
1: | | | | | | | | I | | | | | | | | | | | | |
-0.12 —0.1 ~0.08 ~0.06 ~0.04 ~0.02
t (GeV"2)
. MS (at 1%) correction
10°
d.C
< —ﬁm
‘H\\
‘1\
10_4 * 1 LS Y 3 rnd)
pSEUﬂO- QINnits I‘SyS'[-I-SIa'[,l
at +1% MS mis-calibration (Geant)
— fit with pol2 in t
107 . . : . . . . . -
-0.05 -0.04 -0.03 -0.02 -0.01 0
20 t (GeV/2)

Check of MS correction
method: fit of quadratic
shape (in t)

Check of statistical sensitivity to
parabolic deformation due to MS
systematic (mis-calibration) at 1%.

Very good agreement with modified
pseudo-points: this is an exercise.



Check of MS correction method: 2nd order coefficient

MS parameter (at 1%) stat distribution

— hcorr1

300 . Entries 3000
— x? / ndf 24.79 /25
Z Constant 309.1+ 6.9

250— Mean 0.579 £ 0.000
— Sigma  0.004609 + 0.000058

200 —

150 —

100 —

50—
B | | | | I P | | | | | | |
(9.55 0.56 0.57 0.58 0.59 0.6 0.61

MS 2nd order parameter

MS at +1% (see previous slides)
Quadratic MS function to modify cross section: f(theta) = a + b * theta?
a = 5e-06 and b = 0.579 (from CMS tracker simulation)

From 3000 pseudo-exp, from quadratic fiton t: b = (0.5790 + 0.0046).
So | figured out that our previous correction studies can keep their validity.
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Conclusions

This study allows to connect experimental systematics to the final fit. Conclusions do not
seem to significantly change previous assessments on final precision.

Average beam energy must be known at MeV level (<3e-05 relative to the nominal energy
value): this will be possible with the spectrometer (BSM) and by a posteriori methods that
rely on the data.

- Beam energy spread (natural width) must be known < percent level: such a task can be
achieved with BSM, but with a precision closer to ~0.5%.

- Multiple scattering must be known (in total) at < 5e-04 to achieve a percent systematic
error on apLO: as we already know, it should be possible to correct the 1% accuracy of

Geant from the data, identifying related systematic trend on cross section. | stressed this
IS a delicate and priority question. Multiple scattering correction studies have only been

performed at leading order, so they will need to be updated in the light of recent NLO
simulations.

In addition, it must be considered that here | have used the total statistics: given the
request for extreme precision, it seems that the individual modules counts are not in fact
homogeneous, so their treatment will require special caution.



