T UNIVERSITYOF | SchooLor

PHYSICS AND

m» B I RM I N GHAM ASTRONOMY

Plans for inclusive systematics studies




Overview

Systematic errors are expected to be dominant errors in inclusive NC cross section
measurements for much of the EIC phase space

It's difficult to determine systematic uncertainties for a detector/accelerator that does not
yet exist

* Some guesswork is required based on experience of previous experiments (mostly
HERA), and projections/experience of ePIC detector working groups
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Possible systematic uncertainties

" There are many possible sources of https://arxiv.org/abs/1312.4821

. . . . Source Region Uncertainty
systematic uncertainties - just look at 2y < 1500 0.5% unc. & 0.3% corr
=150 < Zimp < —60cm 0.3% unc. & 0.3% corr.
H 1/ZEUS papers Electron energy scale =60 < zjpyp < +20cm 0.5% unc. & 0.3% corr.
+20 < Zjp < +110cm 0.5% unc. @ 0.3% corr.
Zimp > +110em 1.0% une. & 0.3% corr.
- Electron scale linearity Bl < 11GeV 0.5%
Some notable ones are: — LAr & Tracks 0% une. & 0.37% corr

Hadronic energy scale , ) )
. SpaCal 5.0% une. @ 0.3% corr.
* Electron/Hadronic Energy scale Polar angle 0. Trad corr
Noise y < 0.19 5% energy not in jets , corr.
* Angular measurement y > 019 20 cor
. e high vy 3 =-2%
. 0o.c Trigger efficiency . o
* Track-cluster matching efficiency o -
. . L. Electron track and vertex efficiency nr:.:ifn'in:d 0.2 1‘;
° - e
EIeCtron flndlng eﬂ:ICIenCy Electron charge ID efficiency high y 0.5%
. i o high v Zimp < 20 (> 20) cm 0.5% (1%)
* BaCkg round mOde”mg Electron ID efficiency nominal r, < 20 (> 20) cm 0.2% (1%)
. . . Exira background suppression El < 10GeV Do = 0.80 £ 0.04 corr.
° QED Radiative Corrections High y background subtraction high y 1.03 £ 0.08 corr.
- . <01, 01 <x<03, =03 0.3% , 1.0%, 2.0%
QED radiative corrections high y: y < 0.8 (y > 0.8) 1% (1.5%)
. . . . _ high y 0.5%

|| n o e . A
...and of course, luminosity/polarisation Acceptance cortections nominal 0.2%
Luminosity 4% corr.
measurements
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https://arxiv.org/abs/1312.4821

Studying systematic uncertainties

The procedure for evaluating systematic uncertainties requires first studying/estimating the
values of the individual contributions (as in previous slide)

The full analysis is repeated for each positive and negative fluctuation of the systematic

* e.g. for 1% electron energy scale, we multiply the energy of each electron by 0.99 (-ve) or
1.01 (+ve) before reconstructing kinematics

* Ifit's 1% at 5GeV and 0.5% at 18GeV, could apply to electrons event by event, linearly
interpolating

* Note that the systematic may instead be estimated by the tightening or loosening of a cut,
or repetition using a different model (event generator)
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Studying systematic uncertainties

" After repeating the analysis with each systematic, you end up with a table like this:

Q7 "
(Gev?) of

35| 0875 | 0917 | 0862 | 0866 | 0675 | 0884 | 0861 | 0.675 | OHT5 0876 | DA80 | OE6H
3.5 0930 | 0949 | 0,937 | 0.950 | 0889 | 0.954 | 0.929 | 093¢ | 0939 0978 [ 0973 [ 0905 | 0954 | 0910 | 0.935 | 0.947 | 0923 [ 0943 [ 093 0938 | 935 | 0935
45| 1030 F 1046 | 1023 | 1032 | 103 | 1036 | 1.019 | 1030 | 1030 1011 [ 1.069 | 0998 | 1.056 | 1006 | 1.019 | 1.030 | 1.024 [ 1038 | 1.028 1028 | LOW6 | BO3)
45| 1008 [ 1042 | 1037 | 10s6 | 1ons | 1046 | 102 | rosk [ 1oms 1037 [ LOW [ 10 | 1028 | 1046 | 1032 | 1.047 | 1029 [ 10w | 1006 036 | 10N | 1031
451093210933 | 0932 | 0930 | 0918 | 0952 | 0928 | 0.932 | D932 053 | 0929 | 0924 [ 0944 | 0937 | 0922 [ 0,933 | 0824 | 0931 | 00 0910 | 0943 [ 0018
6.5 1257 | 1M 1227 [ 0238 | 1208 | 12 | 1222 L2 P E282 0 107 | 026b 0 1070 | L2 [ 1237 | 12 | 1226 | 128 2 121
LERRNELY RRETE ENEE) [BELE R NECE NRELN ENELE FRE LIV | naed 101 | BISK 125 iv | s [ e ozl os (REN} 1142
LERREUCY RS EETCRATTY WL WU ATy W TS R LOXZ | 1048 | 000 | 1092 { 1oad | row | Lede | 1o | oo | Lee [EL R BT
4.5 | 0951 | 0951 | 0951 | 0954 0963 | 0962 | D939 [ 0.951 | D8SI 04951 [ 0961 | 0946 | D46 { D960 | 0941 | 0964 | 0941 | 0959 | 0953 095 1 | 0959 | owad
6.5 | OB | 0841 | 0K41 [ D837 | 0847 | 0857 | 0634 | 0831 | 0841 0843 | 0842 | D839 | 0832 | 0848 | 0838 [ 0.845 | 0837 | 0843 | 0844 0842 | B30 (0848
63510776 | 0.776 | 0.776 | 0.779 | 0986 | 0.786 | 0.770 | 0.776 | 0.776 077 | 0777 | 0777 | 0766 | 0782 | 0779 [ 0,772 | 0752 | 0.793 | 6797 0782 | 0.766 | 0.780
65| 0.953 | 0.753 | 0.753 | 0.745 | 0755 | 0.760 | 0740 | 0753 | 0753 0752 [ 0747 | 0752 | 0752 | 0757 | 0.755 | 0.746 | 0729 | 0.764 | 0.767 0356 | 0350 | 0747
6.5 | 0.645 | 0645 | 0645 | 0.634 | D652 | 0652 | 0676 | 0645 | 0645 0645 | 0643 | 0650 | 0647 | 0651 | 0650 [ 0.642 | 0627 | 0655 | 0655 0650 | O.640 | 0662
6.5 [ 0,629 | 0629 | 0629 | 0626 [ 0631 | 0.637 | 0619 [ 0629 | 0.629 0.630 | 0.630 | 0,629 | 0627 [ 0631 | 0.631 | 0.628 | 0.605 | 0.643 | 0.619 0634 | 0629 [ 0627
6.5 | 0495 | 0.495 | 0495 | 0.505 | 0.498 | 0.501 | 0488 | 0.495 | 0.495 0.499 | 0489 | 0.496 | 0.491 | 0495 | 0498 [ 0.489 | 0.526 [ 0.477 | 0.480 0506 | 0495 | 0.503
6.5 | 0.403 | 0.403 | 0.40% [ UARL | 0407 | 0408 | 0401 | 04073 | D.40T 0424 | 0393 1 0416 | 0414 ] 0394 | D405 [ 0.400 | 0522 | 0.344 | 0475 048 4 | 0407 | 0402
B.5 | 1337 | 1368 | 1323 | 1W6 | 1336 | 0BT | 1327 [ a7 | 1| 1370 | 1w 1as |1 ) [RER) [
LERNBEIN ERUIN WAETENETR WNE-3 WNTZS WNECY WRENR BRET) [NECS ENEIN R [REERNELE NRELE WRETS WNEH [REE] 1o
K5 0w | aous | aoor | naos | ouw | 10w | 0os | oe | oen v osun | ousn | nos? | os [ oo | Looe [ oseo [ roon | ez 049§ )
KS | om0 w20 | 0a14 [ 027 foon [ ouie [ o | osm o2 L ooty fouik [ oz Loz | o [ ez | oser | ooz | os ES CUITE FT
K3 | 0X0 | 0Ki2 | akil [ owdd | s | 0x42 | oxis | 0w | oea od0 [ 015 [0k | 08V | ord2 | s | oo | o [ ok | ows B ok fosu
B5 1004 | 0705 | 0704 L 0708 {0303 | 0718 | 0694 | 0 | oo 03 [ o0 [ 0702 | 020 | 0707 | 0208 | 0701 | ges [ 0713 [ e2is 007 o | 070
100 | 1359 | 1432 | 1336 | 1356 | 138y | 1379 [ 1360 | 1383 | 1wk (KL NETER NETT 1353 [ 1378 | s 1M 1356 | 1095

W00 123 | 1246 | 1227 [ 1230 [ 120 [ 1238 | L2 1219 | 1247 | 1203 1226 | 1239 | 1. 1.238 B3R 230 |42
100 | 1136 | Li38 | 1036 | LI36 | 1142 | 113S | fa3s 1129 [ 155 | a2 1126 | 1146} 1127 (B Lide | L1327

100 | 0.968 | 0969 | 0968 | 0967 | 0.967 [ 0981 | 0951 | 0968 | 0.069 0976 [ 0072 [ 0971 | 0964 | D981 | 0960 | 0.978 | 0967 [ 0.080 [ 0.974 086 6 | 0.969 | 0.968
100 | 0857 | 0.857 | 0857 | DB6I | DB6T | OK70 | 0.847 | O.857 | 0.857 0.859 | 0853 | DES2 | 0845 [ 0864 | DBS2 [ 0855 | OB4% | 0856 | 866 0860 | 0.84% | 0852
100 1 4792 | 0793 | 0.792 | 0.797 | 0.795 | 0.799 | 0.785 | 0.792 | 0.792 07392 | 0.797 | 0.790 | 0.790 | 0.800 | 0.792 | 0.791 | 0.773 | 0.801 | 0.801 0794 { 0791 | 0785
100 ] 0715 | 0715 | LT15] 0716 | 0721 [ 0.723 | 0.698 | 0.715 | 0.715 0710 [ 0717 | 0715 [ Q711 [ 0722 | 0718 | 0.715 | 0693 | 0728 | (L738 0719 {0716 0721
100 | 0.593 | 0.593 | 0.593 | 0.596 | 0.597 | 0.601 | 0.587 | 0.592 | 0.593 0594 0591 | 0593 | 0.589 [ 0.594 | 0.597 | 0.589 | 0.574 | 0.602 | 0.586 0595 | 0591 | 0607
10.0 | 0.517 [ 0.518 | 0.517 | 0.518 | 0.520 [ 0.524 | 0.511 | 0517 | 0517 0.519 [ 0.519 | 0.520 | 0515 523 1 0.520 | 0.514 | 0.522 [ 0515 | 0547 0317 | 0525 | 0517
100 | 0.395 | 0.395 | 0.395 | 0397 | 0395 | 0401 | 0389 | 0395 | 0.305 0.409 0387 | 0398 | 0.395 | 0389 | 0397 | .94 | 0.490 [ 0.354 [ 0363 0410 | 0392 | 0302
120 | 1300 | 1322 | 1.290 1305 | 1.294 LT RAN | 1260 | 13e | 1277 | 0292 | 1307 | 1297 | 1303 | 1305 1298 | 1305 | 1283
1220 { 1128 | 1040 | naze Lase | LHT [REIl RNEEE ETER N ) RREr NRELY ERET RN RICE RNETE R RES LI27 | ki 9
120 { 1102 | 1304 | L [ATER AN Lo e oross | oioss | ok | oo | o7 | et | s | e LI | L0 | e
120 | 0903 | 0.903 | 0.000 o912 | og9 0903 D408 [ G500 | 0908 | 0B9Y | 0900 | 0906 | D93 | 092 | 0810 [ 0923 KRS | D805 | 0910
120 | 0789 | 0789 | 0.789 0808 | D.IED 0789 0792 [ 0794 [ 0791 | 0783 | 0794 | 078x | 0795 [ 0772 [ 0792 [ 0796 0792 | 0786 | 079
120 | 0746 | 0246 | 0746 55 | 0.731 0.746 0747 | 0745 | 0743 [ 0743 | 0755 [ 0.750 [ 0744 | 0732 | 0758 | 0.756 0745 | 0746 | 0739
150 | 1.559 | 1.597 | 1.54] 1.556 | 1.550 1574 1523 [ 1602 | 1507 | 1594 [ 1510 | 1547 | 1567 | 1535 | 1575 | 1556 1554 | 1564 | 1559
150 | 1338 [ 1352 | 1337 1349 { 1,329 1.345 1336 | 1366 [ 1320 | 1360 | 1333 | 0333 ) 13se | 1aze | ass | e 14| Lo |1
150 | 1092 | 1093 | 1092 1099 | 1.083 1091 1003 [ 1004 [ 1084 | 1.084 | 1.096 | 1079 | 1101 | LOTE | 1008 [ Liod [LCEN BYCTRRTH
150 [ 0992 | 0.993 | 0.002 1.002 | 0.986 0.992 0999 | 0995 | 097 | 0.981 | 0.998 | 0976 | 1.002 | 0978 | 1001 | Lon2 0994 [ 0995 | 0976
15.0 | 0.908 | 0.908 | 0.908 0914 | 0903 090 0502 1 0911 [ 0910 [ 0902 | 0914 | 0907 | 0.007 | BKI2 | DNIS | 0918 091 3 | 0909 | 0892
150 | 0793 | 0793 | 0.793 0802 { 0.790 0.794 0791 | 0391 [ 0803 [ 0.790 | 0.798 | 0.807 | 0.790 [ 0.786 | 0801 | 0811 076 .
150 | 0.662 | 0.662 | 0.662 0671 [ 0652 0.662 0667 | 0.662 | 0.661 | 0659 | 0.664 [ 0665 | 0638 | 0.640 | 0.670 | 0.657 0.66 2 | 0.664 | 0658
150 | 0.553 | 0.553 | 0,553 0.558 | 0.548 0553 0.553 | 0.552 | 0552 | 0,548 | 0.557 [ 0555 | 0.549 | 0.543 | 0.559 [ 0.551 0548 | 0552 | 0551
150 | 0370 | 0.370 | 0.370 0.366 0370 0379 § 0.365 | 0378 | 0.376 | 0.367 | 0.373 [ 0.368 | 0429 | D31 | 0.349 0376 | 0371 | 0372
180 | 1438 | 1.465 | 1432 1436 1445 BA2U | 0468 | 1425 | 1451 [ 1428 | 1430 | 1449 | 1435 | 1349 [ 1348 1430 | 1437 | 1456
180 | 1166 | 1.170 | 1166 1152 1174 1160 | 81 [ 0058 70 | 1070 foasy [ Lme | e | T | s 1169 | 1167 [ 1145
B0 | LOIS] 1016 | LOIS 1009 1014 LOZE | 1017 | 1025 | 1005 | 1034 | 1.009 ] 1022 | 1004 | 1LOIB | 1020 1001|022 | 1o
180 | 0932 | 0932 | 0932 G914 o2 0933 | 0935 | 0929 | 0920 936 | 0928 | 0.940 | 0925 | 0937 | D933 0926 | 0920 | D936
180 | 0879 | 0.840 | 0.87% 0872 0880 0878 | O.E8} [ O.B8Y | 0872 [ OBR2 | 0.888 | 0.874 | OR70 | 0.E3S | 0895 OXE 1 | 08K] | 0574
180 ] 0629 | 0629 | 0.620 0.621 0629 0630 [ 0,629 [ 0.626 | 0627 | 063 | 0.631 | 0627 | 0613 | 0641 | 0626 0630 | 0628 | 0.640

Example systematics table
from an F;analysis at ZEUS

https://arxiv.org/abs/hep-ex/96
07002
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What systematics should we consider for ePIC? (...and how
should we get them?)

The systematics that | foresee as being important initially are:
* Electron finding efficiency
Electron Polar Angle
Electron Energy Scale
Hadronic Energy Scale
QED Radiative Corrections
(Photoproduction) Background Subtraction

Just my thoughts for a starting point - other
thoughts are welcome!




What systematics should we consider for ePIC? (...and how
should we get them?)

Some of these systematics are hard to evaluate before having real data to compare to —
some guesswork may be required
* Note that suggestions here as to how to estimate the systematics are just ideas for initial
studies, not how we will probably end up doing it when the detector comes online

Electron finder efficiency  Electron Polar Angle Electron Energy Scale

First, we need proper " Calibration and alignment ® Electrons lose energy in
benchmarks for the procedures used to align passive material

efficiency — any tracker modules relative to =  Cyrrently recon defaults to
volunteers? each other and beam axis tracks for electrons — If using
May be hard to evaluate —  * Has this been discussed calorimeter energy then may
can start by seeing impact within ePIC? - confirm with need a correction

of tightening/loosening tracking * _ kinematic peak calibratio
cuts used in finding? " Could use 0.5mrad as QED Compton (no events| .

conservative guess for now? currently)




What systematics should we consider for ePIC? (...and how
should we get them?)

" Some of these systematics are hard to evaluate before having real data to compare to —
some guesswork may be required

* Note that suggestions here as to how to estimate the systematics are just ideas for initial
studies, not how we will probably end up doing it when the detector comes online

Hadronic Energy Scale QED Radiative Corrections Background subtraction

" Study mean of pin/pre " Compare size of radiative *® First we need generated
distribution (as a function corrections with different photoproduction events (task
of yn) - Compare MC and  event generators e.g. for someone)
data DjangOh/RAPGAP, Pythla if = Compare models — Pyth|a

* We have no data, somay  Possible and ??? (Herwig maybe?)
need to guess - 1%? * Likely <1% for most of = Expect ~1% contribution to

phase space, increases at  cross section uncertainty,
high'y increasing to 2-3% at high




Normalisation

Two sources of normalisation uncertainty for inclusive analyses
* Luminosity — global normalisation for any cross section
* Polarisation — global normalisation for spin dependent observables

Luminosity is easy to include, take e.g. 1% for all bins (correlated within run, uncorrelated
across different runs)

* Should communicate with relevant detector group to confirm exact number for immediate
studies

Polarisation — electron and proton/*He each assigned uncertainty
* As before, repeat analysis with each fluctuation separately -
* Communicate with relevant group to confirm numbers to use




Summary

We need a plan moving forward for the inclusion of systematic uncertainties

I've listed a few contributing uncertainties for an inclusive cross section measurement
* Some of these can be estimated from MC studies now or in the near future
* Others may be challenging to get meaningful estimates for before we have data

Those who have relatively complete analyses should begin these studies ASAP
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