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Status and Open issues

* PhD analyses started 2015

* Results presented:
e CLICdp AWG: 21 Feb 2017, 22 Aug 2017, 24 Feb 2020, 27 Jan 2020
e CLICWS 2017, 2021
* ALPS 2019
* LCWS21

* Paper submitted to the Pub. Com. 25 of January 2021
* Draft number CLICdp-Draft-2021-003 assigned
* Resolved issue of systematic uncertainty estimate from the reconstruction of the luminosity spectrum

(P. Roloff commented that our estimate based of fraction of selected signal events at various center-of-mass energies is too conservative — leads
to overestimate)

Are we double-counting background by including mono-photon processes (eey, vvy, qqy)?

* Abit of a history...

* These processes were considered in the same analysis at 1.4 TeV (published in the Higgs paper)
 WHIZARD V1.95 used in both analyses
e ..under similar user’s requirements



1.4 TeV

samples

3 TeV

Signal process o(fb) N@5ab~! Nimulatec
Process a[fb]' Ewvents in 1.5ab™'  Events Available’ Event Weights ete” - Hvv.H — vy 0.95 4750 24550
—= > wy 30 44000 50000 —— 09 Background processes o (fb)
efe” = viyy 17 26000 22000 1.2 ete” —yy 19 9.5-10° 3-10°
e’e” =1y 27 41000 32000 13 —FTe sete vy 797 4.0-10° 3-10° —
<=e'e —+etey 290 430000 285000  —— 1.5 ete— — ete— vy 36 > R 100 15-10°
ete” seteyy T3 TO000 5500 35— etem vy 47 2.4.10° 2.10° —
<=Te  qqy _67 100000 92000 __— 1.1 ete™ — vvyy 19 75107 1.6-10°
e'e” —» qqry 17 25000 16000 LS —Fo gy 363 1.9-10° 1.2-10° —
ete™ = qqyy 59 3.0-10° 3-10°

Cuts on generated final states™:

@ At least two photons with E > 10GeV, pr > 5GeV and 5° < 0 < 175°
@ At least one Higgs candidate with 110 GeV < M(yy) < 140 GeV
@ No visible lepton or quark with 10° < # < 170°

*Second photon comes from ISR or FSR (background)

Available samples at MonteCarloSamplesForTheHiggsPaper

ee -> qayy
ee -> qgy
ee > YW
ee = yyee
ee - Yywv
ee -» yy

ee -> egy

CLIC_ILD 6966

CLIC_ILD 6969
CLIC_ILD 6981
CLIC_ILD 6984
CLIC_ILD 7014
CLIC_ILD 7017
CLIC_ILD 7020

250000
1000000
150000
120000
120000
20000
3000000

209600
1198600
194900
144900
155500
29900
3039000

Cuts on generated final states™:

di-photon invariant mass in the window (100-150) GeV
at least two photons in event with polar angle between 5 deg and

175 deg
p; > 10 GeV of the photons

We haven’t restricted q or | in the tracker — can be refined

m(h) =12 TeV
m(h) = 12 Tev

m(h) =12 TeV, preselection cuts for the H->gammagamma analysis ("cuts_h_gammagamma_3000.txt")
m(h) = 12 TeV, preselection cuts for the H->gammagamma analysis ("cuts_h_gammagamma_3000.txt")
m(h) = 12 TeV, preselection cuts for the H->gammagamma analysis ("cuis_h_gammagamma_3000.txt")
m(h) = 12 TeV, preselection cuts for the H-=gammagamma analysis {"culs_h_gammagamma_s{]{logm")

m(h) =12 TeV, preselection cuts for the H->gammagamma analysis ("cuts_h_gammagamma_3000.txt")

(23 ) WHIZARD V57,

5836 WHIZARD V57,

6806.4* WHIZARD Va7,

42447 WHIZARD Va7,
2616.6% WHIZARD V&7,

866.0" WHIZARD V57,
@ WHIZARD V57,


https://twiki.cern.ch/twiki/bin/view/CLIC/MonteCarloSamplesForTheHiggsPaper

Discussion

Are we double-counting background by including mono-photon processes (eey, vvy, qqy)?

* There are several questions that can be asked:

1) Are cross-sections for processes with a single photon in the final state correctly reproduced in WHIZARD V1.95?

2) Is kinematics of the final state photon properly described?

YES

If yes, than it is not justified
to omit these processes
because, apparently second
photon can be found at the
reconstruction level in a
sufficient amount to mimic
the signal

Nppr. for integrated luminosity of 5 ab~!

Process Sprg(%) EBDT(%) Nppr
ete” — Hvv.H— vy 70 62.0 2062
ete =yt 0.10 13.7 624

ete” —etey* 0.03 9.8 26598 >
ete” — eTe yy* 0.05 7.4 788

ete” — vyyH 0.09 25.0
ete” — vvyy* 0.04 24.5 11628
ete” — qqy 0.50 7.5 < I089 >
ete” — qqyy 1 10.1 423

NO

If not, than it depends what is

wrong:

a) Only cross-section — can be
cured with scaling (in MVA)

b) Kinematics — processes in
guestion should be reprocessed
in WHIZARD (2 ?)

Without clear answers to these questions can we be convinced that it is justified to neglect mono-photon

processes?



ISR

flag: oxe

simulator status bits: [sbvtcls] s:

[ id Jindex| PDG | pX, Py, pz | px_ep, py_ep , pz_ep | energy |gen|[]
| spin | colorflow | [parents] - [daughters]
[00000128] 0] 11| ©0.00e+00, 0.00e+00, 1.50e+03| 0.00e+00, 0.00e+00, 0.00e+00| 1.50e+03| 4 |[
+00, 0.00e+00, 0.00e+00| (0, ©) | [] - [2,4]
[00000129] 1) -11| 0.00e+00, 0.00e+00,-1.50e+03| 0.00e+00, 0.00e+00, 0.00e+00| 1.50e+03| 4 |[
+00, 0.00e+00, 0.00e+00| (@, ©) | [] - [3,5] |
[00000130] 2| 11| 2.75e-85,-5.57e-05, 1.50e+03| 0.00e+00, 0.00e+00, 0.00e+00| 1.50e+03| 3 I[-
+00, 0.00e+00, 0.00e+00| (@, ©) | [0] - [6,7]
[60000131] 3] -11| 3.94e+00, 9.62e-01,-7.72e+02| 0.00e+00, 0.00e+00, 0.00e+00| 7.72e+02| 3 |[
+00, 0.00e+00, 0.00e+00| (0, ) | [1] - [6,7]
[60000132] 4| 22]-2.75e-05, 5.57e-05, 2.30e-04| 0.00e+00, 0.00e+00, 0.00e+00| 2.38e-04| 1 |[
+00, 0.00e+00, 0.00e+00| (0, ©) | [0] - []
[60000133] 5] 22| -3.94e+00,-9.62e-01,-7.28e+02| 0.00e+00, 0.00e+00, 0.00e+00| 7.28e+02| 1 |[
+00, 0.00e+00, 0.00e+00| (0, @) | [1] - []
[60000134] 6| 13|-5.96e+02,-7.44e+02, 8.87e+02| 0.00e+00, 0.00e+00, 0.00e+00| 1.30e+03| 1 |[
+00, 0.00e+00, 0.60e+00| (0, ©) | [2,3] - []
[00000135] 7| -13| 6.00e+02, 7.45e+02,-1.59e+02| 0.00e+00, 0.00e+00, 0.00e+00| 9.70e+02| 1 |[
+00, 0.00e+00, 0.00e+00| (6, @) | [2,3] - []
S |

1 ISR + BS

2

3

4[ id  Jindex| PDG | PX, Py, pz | px_ep, py_ep , pz_ep | energy |gen|
| spin | colorflow | [parents] - [daughters]

5

6 [60000020] 0| 11| 0.00e+00, 0.00e+00, 1.50e+03| 0.00e+00, 0.00e+00, 0.00e+00| 1.50e+03| 4 |
+00, 0.00e+00, 0.00e+00| (8, 0) | [] - [2,3,4,5]

7 [00000021] 1| -11| ©6.00e+00, ©.00e+00,-1.560e+03| 0.00e+00, 0.00e+00, 6.00e+06| 1.50e+03| 4 |
+00, 0.00e+00, 0.00e+00| (®, ) | []1 - [2,3,4,5]

8 [00000022] 2| 11| 6.22e-15,-7.11e-15, 1.45e+03| 0.00e+00, 0.00e+00, 0.00e+00| 1.45e+03| 3 |
+00, 0.00e+00, 0.00e+00| (8, 0) | [0,1] - [6,7]

9 [00000023] 3| -11| 1.23e+01,-1.79e+01,-4.77e+02| 0.00e+00, 0.00e+00, 0.00e+00| 4.78e+02| 3
+00, 0.00e+00, 0.00e+00| (@, ) | [0,1] - [6,7]

0 [00000024] 4] 22| 0.00e+00, 0.00e+00, 2.20e-26| 0.00e+00, 0.00e+00, 0.00e+00| 2.20e-26| 1
+00, 0.00e+00, 0.00e+00| (08, 0) | [0,1] - []

1 [60000025] 5] 22|-1.23e+01, 1.79e+01,-2.59e+02| 0.00e+00, 0.00e+00, 0.00e+00| 2.60e+02| 1
+00, 0.00e+00, 0.00e+00| (o, ©) | [0,1] - []

2 [06000026] 6| 13|-6.11e+02,-4.60e+02, 8.62e+02| 0.00e+00, 0.00e+00, 0.00e+00| 1.15e+03| 1
+00, 0.00e+00, 0.00e+00| (6, 0) | [2,3] - []

3 [00000027] 7| -13| 6.23e+02, 4.42e+02, 1.07e+02| 0.00e+00, 0.00e+00, 0.00e+00| 7.72e+02| 1
+00, 0.00e+00, 0.00e+00| (8, 0) | [2,3] - []

4

created in simulation b: backscatter v: vertex is not endpoint

. BEAMSTRAHLUNG

i[  id  Jindex| PDG | pPX, Py, pz | px_ep, py_ep , pz_ep I
| spin | colorflow | [parents] - [daughters]

i [60000030] (1] 11| 0.00e+00, 0.00e+00, 1.50e+03| 0.00e+00, 0.00e+00, 0.00e+00|
+00, 0.00e+00, 0.00e+00| (6, 0) | [] - [2,3]

' [666000031] 1| -11| 0.00e+00, 0.00e+00,-1.50e+03| 0.00e+00, 0.00e+00, 0.00e+00|
+00, 0.00e+00, 0.00e+00| (6, 0) | [] - [2,3]

| [60000032] 2| 11| 0.00e+00, 0.00e+00, 1.11e+03| 0.00e+00, 0.00e+00, 0.00e+00|
+00, 0.00e+00, 0.00e+00| (@, 0) | [0,1] - [4,5]

| [60600033] 3| -11| 0.00e+00, 0.00e+00,-9.24e+01| 0.00e+00, 0.00e+00, 0.00e+00|
+00, 0.00e+00, 0.00e+00| (06, 0) | [0,1] - [4,5]

| (60000034 ] 4| 13| 2.25e+01, 3.03e+02, 3.19e+02| 0.00e+00, 0.00e+00, 0.00e+00|
+00, 0.00e+00, 0.00e+00| (O, 0) | [2,3] - []

. [00600035] 5] -13|-2.25e+01,-3.03e+02, 6.96e+02| 0.00e+00, 0.00e+00, 0.00e+00|
+00, 0.00e+00, 0.00e+00| (O, 0) | [2,3] - []

Whizard 2.8.3: ee>uu

energy

1.50e+03|
1.50e+03|
1.11e+03|
9.24e+01|
4.41e+02|

7.59e+02|

* There are no BS photons when BS is included in production
* Beamstrahlung photons are not visible in MCParticleSKimmed
collection, and we cannot know if the reconstructed photon is

BS photon. But we cab check it is ISR photon

Igen|



Background samples

Process __INowewn ________INsx ___________|eventloss(%)

ee—>yy
ee—eey
ee—eeyy
ee—>qqy
ee—>qqvy
ee—>vvy
ee—>Vvvyy

17578
16449
34717
1287

13494
54914
54554

3505 19.9
9528 57.9
14452 41.6
543 42.1
2801 20.8
44961 81.9
25830 47.3

If at least one candidate photon comes from ISR (RecoMCTruthLink) all backgrounds have

significant loss.



Di-photon mass distribution after MVA

OLD - all background no mono-photon

All backgrounds rescaled
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NN, significance/5(%)

All backgrounds 2060 63000 8.3/12

No mono photon 2360 17000 17/5.9

All backgrounds rescaled 1926 27000 11.32/8.9



Signal Fit

OoLD no mono-photon All backgrounds rescaled
;400'! cr=osszo27 [0 1 CILIICﬁp! ~400—m—mm———r 7+ ~400———— I I
©  [alpha L= 274+045GeV 1 > FC1= 0432018 1 > lc1= 0702051 | ! |
O :alpha R= 175022 GeV ] 8 [ alpha_L = 3.1320.53 GeV | O] [alpha L= 252045 Gev
%Oo_beta _L: 0.177 + 0.022 GeV 7] [alpha R = 2.01+0.25 Gev o -alpha_R = 0.90 £ 0.35 GeV
3 beta_R = 0.015 + 0.056 GeM - c:)o’BOO ._bem_'— = 0.163+0.025 GeV 7] gBO __bela_L = 0.185+0.026 GeV 7]
B :mo :_ 128.916 = 0.054 | : :beta_R: 0.023 0.037 GeV : [oeta R = 0.154 £0022 GeV
EOO—Sigma = 170+ 0.10 GeV = (2] Lm0 = 128.879 +0.048 4 (2] Lm0 = 128 947 +0.057
g i : ‘waoo [ “sigma = 1.778 £ 0.091 GeV N “Daoo [sioma = 165+013Gev 7
W 1 > i 1 >
- . L L |
100 - [
' ] 100 100}
[ A .
o 120 i Vi - o ; 110 120 130 140
my, (GeV) 110 120 130 140

m,, (GeV) myy (GeV)

No relevant changes in mean and width



Pull Distribution

no mono-photon All backgrounds rescaled
all background P 8
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The width of the pull distribution is reduced, resulting in a drop of statistical uncertainty from 8.3% , 4.3% and 6%.



Ssummary

» After 5000 Toy-MC experiments uncertainty is 8.3%, 6 % and 4.3 %
when including all backgrounds, rescaling all backgrounds, removing
mono-photon backgrounds respectively.



