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Signal optimisation

O Categorize event into 4 categories: Using S/v/B instead of
S/v/'S + Bto avoid the cross-section dependency
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Signal optimisation
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Signal optimisation

« We avoid the dependency of the cross-section by using S/v/B.
For the optimisation we used only (mg, my) = (390,220) GeV
mass point. So no need to use other mass points because the
new categories cover the low and the high Met region.

e ™ [ mymy =220
O High met 0 central jet = 30\2.0 R et
O Low met O central jet = 15\15 ;
O High met 1 central jet = 10\3.5
O Low met 1 central jet = 0.0\2.5

See tables for the categories on backup slides. )
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Signal parametrisation

0 The Crystal ball, CB, plus Gaussian, G, Pdf has the following form:

f(ma;) = fop - CB(mMag; 11, ocB, acs, Neg) + (1 — feg) - G(Mae; 1, 0G)

e o¢ and og represent the invariant mass resolution;

1 is the mean value fixed to same parameter for both Pdf;
nc and a¢c model the shape and position of the non-Gaussian
tail;

e Where n¢ is the slop of the tail and a¢c measures how far
from the peak the distribution become non-Gaussian;

fc is the relative normalisation of the Pdf.
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Signal parametrisation

High Met 0 central jet for 2u2e channel
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Signal parametrisation

High Met 0 central jet for 2u2e channel
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Signal parametrisation

High Met 0 central jet for 2u2e channel
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Signal parametrisation

High Met 0 central jet for 4, channel
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Signal parametrisation

High Met 0 central jet for 4, channel
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Signal parametrisation

High Met 0 central jet for 4, channel
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Signal parametrisation

High Met 0 central jet for 4e channel
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Signal parametrisation

High Met 0 central jet for 4e channel
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Signal parametrisation

High Met 0 central jet for 4e channel
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Study the bias inducted by the signal extractiog

High Met 0 central jet for all the channels
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Signal parametrisation

Low Met 0 central jet for 4. channel
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Signal parametrisation

Low Met 0 central jet for 4. channel

% [ ATLAS Simulation Internal Fit % E ATLAS Simulation Internal =Fit

@ [ RoSHoauE” ove C L RoSHoa+E™ ey
- (m,,,m,) = (800, 300) GeV g (m,,m,) = (800, 500) GeV/

z Low Met 0 central jet H Low Met 0 central jet

g &

&

Fit Residual
.
Fit Residual
shhona

2 70 240 %0 30 370 W0 a0 a0 @0 500
m, (GeV] my, [Gev]
E "ATLAS Simuiation \nlemal ~Fit 3 [aras S\mu\auun \ntsmal -Fit
E R SHodu s evc 2 R— SH— 4 eMc
(m,. m,) = (1500, 220) GeV < )= (1500 250) GeV
Low Met 0 central jet € [ LowMetOcentraljet

Fit Residual
Rhboma

&

230 5
m, (GeV] m,, [GeV]

Abdualazem | gg — R — SH — 4¢ + ETSS



Signal parametrisation

Low Met O central jet for 4. channel
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Signal parametrisation

Low Met O central jet for 4e channel
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Signal parametrisation

Low Met O central jet for 4e channel
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Signal parametrisation

Low Met O central jet for 4e channel
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Study the bias inducted by the signal extractiog

Low Met 0 central jet for all the channels
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Signal parametrisation

High Met 1 central jet for 4., channel
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Signal parametrisation

High Met 1 central jet for 4., channel
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Signal parametrisation

High Met 1 central jet for 4., channel
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Signal parametrisation

High Met 1 central jet for 4e channel
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Signal parametrisation

High Met 1 central jet for 4e channel
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Signal parametrisation

High Met 1 central jet for 4e channel
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Signal parametrisation

Low Met 1 central jet for 4x channel
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Signal parametrisation

Low Met 1 central jet for 4. channel
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Signal parametrisation

Low Met 1 central jet for 4. channel
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Signal parametrisation

Low Met 1 central jet for 4e channel
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Signal parametrisation

Low Met 1 central jet for 4e channel
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Low Met 1 central jet

Events /(12 GeV )
Events / ( 1.74 GeV )

T 4 T 4
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Signal parametrisation

Low Met 1 central jet for 4e channel

~ et
3 ATLAS Simulation Internal ~Fit
S R - SH— 4e + EM™ emc
; 10? (mR, mH)=(1500, 1000) GeV

‘é Low Met 1 central jet

&

]

3

3

o

T

900 920 940 960 980 1000 1020 1040 1060
m,, [GeV]
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Study the bias inducted by the signal extractio)

Low Met 1 central jet for all the channels

=0.0
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= 0.04 — Z 0.04F 1
g T ] g
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Summary

O Signal optimisation is done;
O A good fit quality is obtained in the whole mass points;

O The extraction of signal yields using the analytical function
introduces about 1.5% bias;

0 And can be included with the systematics uncertainty in the final
fit.

e

O Interpolation of u, f¢, oG, ¢ and ac parameters;
0 Update the background parametrisation for the new categories;

0 Check what is the problem with Low Met 1 central jet category;
and

O I'm sure there’s something went wrong.
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Thank you!




Additional slides

Signal and background

Signal samples have already been produced, JIRA, as follows: J

O The mass of S is fixed to 160 GeV;
0 The masses of R are 390 GeV, 450 GeV, 800 GeV and 1500 GeV:

e mr =390 GeV: my = 220 GeV

e mp = 450 GeV: my = 220 GeV and 250 GeV

e mp = 800 GeV: my = 220 GeV, 300 GeV and 500 GeV

e mp = 1500 GeV:my = 220 GeV, 250 GeV and 1000 GeV

O Requested HIGG2D1 derivation with cache: 21.2.55 and p-tag:
p3782. All jobs are finished see here; and

O The mini-tree production is done using HZZAnalRun2Code.

Background samples J

O qqZZ*, g9ZZ*, ttZ, Z + jets, tt and VVV.
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https://its.cern.ch/jira/browse/ATLMCPROD-6847
https://prodtask-dev.cern.ch/prodtask/inputlist_with_request/23658/
https://gitlab.cern.ch/HZZ/HZZSoftware/HZZAnalRun2Code

Additional slides

RSH-signal optimisation

Signal and background are mc16a, mc16d and mc16e combined;
The signal cross section (xsectionxBR) is 1 fo~' (set by hand);
The significance is calculated using S/v/S + B and S/V/B;

S, and B are the signal and background event, respectively;

Background events are normalised to cross section for the
Myp > 200 GeV;

O Scaling background events by 20.3% uncertainty. It's calculated
as follow:

OO0ooO0ooao

The background scaled by a number extracted as follows: For instance,
for my = 220, and mg = 390: events in m4,(210 — 230) GeV over the
full range of my,(> 200) GeV.
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Additional slides

2D mapping of p4* and Metsig

ATLAS Internal NZZ""* =0 /s =13TeV; 140 fo™' ATLAS Internal N> 1 /s =13TeV;140 fo™'
2 T T T T T T T T T 22 |m > o 3 o
@ E + 3 E +
3 . L =, 2
2 a5 \\ 2 5 = 450 28 @
aF 1.8 E
L L 2.6
3.5 16 .5F
i : B
2.5 1.2 5F 22
F 121 F
2 ! E 2
1.50 08 50 18
E 0.6 E
1: I 1.6
0.5F 04 5
o E 1.4
0: 0.2 0:
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Py’ [GeV] py’ [GeV]
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Additional slides

Event Selection

QUADRUPLET
SELECTION

- Require at least one quadruplet of leptons consisting of two pairs of same-flavour
opposite-charge leptons fulfilling the following requirements:

- pr thresholds for three leading leptons in the quadruplet: 20,15 and 10 GeV

- At most 1 calo-tagged. stand-alone or silicon-associated muon per quadruplet

- Leading di-lepton mass requirement: 50 < my2 < 106 GeV

- Sub-leading di-lepton mass requirement: mpeshold < #34 < 115 GeV

- AR(£,£") > 0.10 for all lepton pairs in the quadruplet

- Remove quadruplet if alternative same-flavour opposite-charge

di-lepton gives mys < 5 GeV

- Keep all quadruplets passing the above selection

IsoLATION NEEDS UPDATING

- Contribution from the other leptons of the quadruplet is subtracted
- Muon track isolation (AR = 0.30): Epr/pr < 0.15

- Muon calorimeter isolation (AR = 0.20): ZEp/pr < 0.30

- Electron track isolation (AR = 0.20) : £E¢/Er < 0.15

- Electron calorimeter isolation (AR = 0.20) : £Ep /By < 0.20

Impact - Apply impact parameter significance cut to all leptons of the quadruplet
ParAMETER - For electrons: dy/oy, < 5

SIGNIFICANCE - For muons: dy/og, <3

BEsT - If more than one quadruplet has been selected, choose the quadruplet
QUADRUPLET with highest Higgs decay ME according to channel: 44, 2¢2u, 2u2e and 4¢
VERTEX - Require a common vertex for the leptons:

SELECTION - x?/ndof < 5 for 4y and < 9 for others decay channels
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Additional slides

Kinematic distributions for the signal
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Additional slides

Kinematic distributions for the signal
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Additional slides

Kinematic distributions for the signal
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Additional slides

Kinematic distributions for signal & background
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Figure: The invariant mass of the first (left) and the second (right) lepton pairs.
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Additional slides

Kinematic distributions
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Additional slides

Kinematic distributions
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Additional slides

High Met 0 central jet
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Additional slides

Low Met O central jet

(ms, my) = (390,220) q9Z
2510452575 | 349.64+0.71 | 8.94:0.05

4 3.55+0.23 | 19.08=0.11 | 2.661

B-velo 2394.4855.70 | 334.9620.69 | 1.7220.02 2.2720.16 | 17.7920.11 | 2.540

e — 1607.355.06 | 211.6440.55 | 0.4240.01 0.99+0.10 | 9.30+0.07 | 1.453
P% > 0.00 & Metsig > 0.00 1526,610.00 | 190.77£0.00 | 0.09+0.00 0.36+0.00 | 2.17+0.00 | 0.703
P> 0.00 & Metsig > 0.50 1155,380.00 | 159.47+0.00 | 0.08+0.00 0.31+0.00 | 2.03£0.00 | 0.770
P> 0.00 & Metsig > 1.00 604.62£0.00 | 96.81+0.00 | 0.07+0.00 0.27+0.00 | 1.64+0.00 | 0.898
P> 0.00 & Metsig > 1.50 26555£0.00 | 45.24+0.00 | 0.0530.00 0.16+0.00 | 1.06£0.00 | 0.970
P> 10.00 & Metsig > 0.00 982.74+0.00 | 159.35+0.00 | 0.08+0.00 0.32+0.00 | 2.03£0.00 | 0.807
P> 10.00 & Metsig > 050 880 832.47%1.03 | 139.00£0.12 | 0.08+0.00 0.30+0.02 | 1.91+0.00 | 0.844
P> 10.00 & Metsig > 1.00 10.2520.02 486.36+1.44 | 8859+0.18 | 0.07+0.00 0.26+0.02 | 1.56+0.01 | 0.946
P> 10.00 & Metsig > 150 7.39+0.02 210.36%1.55 | 41544020 | 0.0540.00 0.15+0.02 | 1.01£0.01 | 1.030
P> 15.00 & Metsig > 0.00 11.2220.00 689.13£0.00 | 128.270.00 | 0.08+0.00 0.31+0.00 | 1.83£0.00 | 0.869
P> 15.00 & Metsig > 050 10.860.01 600.82+1.18 | 113.76+0.15 | 0.07+0.00 0.30+0.03 | 1.74%0.01 | 0.900
P> 15.00 & Metsig > 1.00 9.49+0.02 386.30+1.79 | 76.84+0.25 | 0.06+0.00 0.26+0.03 | 1.45+0.01 | 0.976
P> 15.00 & Metsig > 150 6.89+0.03 172.44+198 | 36.85+0.28 | 0.04+0.00 0.15+0.03 | 0.95+0.01 | 1.052
P> 20.00 & Metsig > 0.00 9.60+0.00 490.87+0.00 | 97.73+0.00 | 0.07+0.00 0.30+0.00 | 1.59+0.00 | 0.877
P> 20.00 & Metsig > 050 9.31+0.02 429.91+1.31 | 87.10+0.17 | 0.07+0.00 0.28+0.03 | 1.51+0.01 | 0.906
P> 20.00 & Metsig > 1.00 8.19+0.03 287.96+3.95 | 60.95+0.29 | 0.06+0.00 0.24+0.03 | 1.26+0.01 | 0.970
P> 20.00 & Metsig > 150 6.04+0.04 136.29+4.13 | 30.49+0.33 | 0.04+0.00 0.14+0.03 | 0.84+0.01 | 1.033
P> 25.00 & Metsig > 0.00 7.54+0.00 345.05+0.00 | 70.89+0.00 | 0.07+0.00 0.25+0.00 | 1.29+0.00 | 0.818
P> 25.00 & Metsig > 050 7.29+0.02 30051+1.44 | 62.89+0.18 | 0.06+0.00 0.230.03 | 1.21:0.01 | 0.846
P> 25.00 & Metsig > 1.00 6.37+0.03 202954409 | 44.15+031 | 0.05+0.00 0.22+0.03 | 1.00+0.01 | 0.896
P> 25.00 & Metsig > 150 464+0.05 98.43+4.36 | 22.49+0.37 | 0.03+0.00 0.13+0.03 | 0.66+0.02 | 0.932
P >5.00 & Metsig > 0.00 12.94+0.00 133350+0.00 | 182.83+0.00 | 0.09+0.00 0.36+0.00 | 2.14+0.00 | 0.737
P> 5.00 & Metsig > 0.50 12422001 1058.18+0.68 | 154.94+0.07 | 0.08+0.00 0.31+0.00 | 2.00£0.00 | 0.791
P> 5.00 & Metsig > 1.00 1061001 568.66+0.88 | 95.02+0.09 | 0.07+0.00 0.27+0.00 | 1.62+0.00 | 0.912
PT > 5.00 & Metsig > 1.50 7.64+0.01 247.18+0.93 | 44.36+0.10 | 0.05+0.00 [ 0.69+0.02 | 0.16::0.00 [ 1.05+0.00 | 0.990
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Additional slides

High Met 1 central jet
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Additional slides

Low Met 1 central jet

25104515.75 | 349.64+0.71 | 8.94+005 | 3872084 | 3554023 | 19.0830.11 [ 2661
23944855 70 | 334.96+0,69 | 172£002 2272016 | 17795011 | 2540
787.13+2.63 | 123313042 | 13030.02 72720.13 | 8492008 | 2.341
V & Wietsig = 0 777321262 | 121161042 | 0611007 677009 | 4121005 | 1494
V2 Vietsig = 0 647211244 | 104733039 | 0592001 672009 | 3967005 | 1582
V& Wetsig = 1 P 9481152 | 7019032 | 0541007 52008 | 3527005 | 1822
§ WMetsig > 1 207755110 | 39.172024 | 0463001 495008 | 2922005 [ 2114
; WMetsig = K 49712079 _| 19.0820.17 | 0.36 0.07 | 2.1
; WMetsig = 8.83£057 | 7992011 7 0.06 | 14
Wetsig = 2771025 | 2642006 | 013 0.06
WMetsig = 771504261 | 120763042 4
WMetsig 641.99-2.43 | 104364
7> WMetsig - 395315151 | 69.90:03:
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5 Welsig = 25 38051057 | 7921011
> V& Melsig > 3.0 2475025 | 2601006 | 012007 202006
Wetsig = 0 - 758251260 | 119351047 | 0.6010.07 £0.09
§ Wetsig > 0 629.67-2.42 | 103072039 | 0.5950.07 0.09
T Wetsig > 1 g 385542149 | 68.8620.32 0.08
T Wetsig = 1 X 797874107 | 38243024 0.08
> Wetsig > 2 17 89245077 | 1855:0.16 0.07
> Wetsig > 2 X 36261056 | 7752011 5
> Wetsig ~ 3. 71652024 | 2521006
7> Wetsig > 0.00 78077 716985047
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> Wetsig > 1 373,091 67.16:031
5 Wetsig = 1 7897041 37.141023
=1 VZ Welsig > 2 84.8810.76 | 17.9850.16 | 0.35:0.07 37
=1 V& Wetsig = 2 34461055 | 749501 24007 281006
> Wetsig > 7096023 | 24550.0% T 92006
5 Wetsig = 718822219 | 113332040 T 0.09
S Wetsig > 5 593.98-1.98 | 97,50 0.09
> Wetsig = X 359.4721.42 | 64.65( 0.08
> Wetsig = 181781 35632023
> WMetsig > 2.00 = 81.00£073 | 17.20:0.16
Wetsig - = 32845054 | 716201
5 Wetsig - E 10405022 | 2345006
5 Wetsig 6 9364:2.13 | 108531039
5 Wetsig - T 5716041 93221037
>3 V& Wietsig 5845012 344281136 | 61.601030 | 0521007 T
2 V& Wetsig = 1 3242011 773811096 | 33.86:0.22 | 0442001 T 7
> Wetsig > 70012010 773950 50,15 [ 034007 372007 | 2.02:
5 Wetsig = = 31162052 50.10 T 280,06 | 1.31
S Wetsig = ToE 9721020 5006 79006 | 062
53 Wetsig = 662.22-2.06_| 102.5020; 0,05 | 376
> Wetsig = 544.795185 B [
> Wetsig = 327.4151.30 B
= Wetsig - 164682091 &
5 Wetsig > 200 7318066 | 1529+
59 Wetsig > 250 29351050 01
T WMetsig > 3.00 9072019 100"
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