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Introduction
RSH-signal

0 Explores the presence of a heavy scalar boson, R;

O Produced in gluon-gluon fusion in association with Met;
0 The resonance decays to lighter scalar H and S bosons;
O H decays into four leptons through ZZ bosons; and

0 S decays to a pair of neutrinos.
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Introduction

Objective & Motivation

99 - R — SH — 4/ + Met & RSH-model

The search looks at the region where the invariant mass of the four
leptons greater than 200 GeV (m4, > 200 GeV), and missing
transverse energy. In the phase space of RSH model, we consider the
mass of R to be between (ms + my) < mg < 1500 GeV.

Advantages for this channel

0 The missing transverse energy background is very small; and
O It can be controlled by varying the masses of R, H, and S.
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Introduction

RSH-model inte

0O RSH-model can be embedded into 2HDM+S or 2HDM+a

The N2HDM under
Theoretical and Experimental Scrutiny

5. C manuseript N
o b sancd ety

Margarete Mihlleitner'*, Marco O. P. Sampaio®', Rui Santos®*%, Jonas Wittbrod'*

nstitute for Theorvticnl Ph
w125

P i i of iti scalar bosons at the LHC
“Departamento de Psica, Universidade de Aveiro and CIDMA
St v Bk, Nt Clrbarty,Aun & G, Do ¢
Kar'!, M imumoy Mandal'*, Bruce Mellado, Biswarup. s
. Reed: and Xileng Ruan Inatituto

Canag Road,Thuss, Alkbabad 211 019, s “Centro de
o cical Py e Universidade de

s, Wis 050 S Al
fo ey ——

316, SE-151 2 Uppeal, Sweden, *Deutsches ekt

_ - .
_____ A _'<\ )‘sxx
HhS ~
~
~
\\
h >

Figure: Changing H — R, h(125) — H; a theory study is going on.
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https://inspirehep.net/record/1467465
https://inspirehep.net/record/1501710

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. It's done, you can see it here; and

O The mini-tree production is done using HZZAnalRun2Code.

Background samples J

O qqZZ*, g9ZZ*, ttZ, Z + jets, tt and VVV.

Abdualazem | gg — R — SH — 4¢ + E'SS
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Event categorisation
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RSH-signal optimisation
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RSH-signal optimisation

O
O
O
(]

Signal and background are mc16a, mc16d and mc16d combined;
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

mye > 200 GeV;

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

for my = 220, and mg = 390: events in my,(210 — 230) GeV over the

The background scaled by a number extracted as follows: For instance,
full range of my,(> 200) GeV. J
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RSH-signal optimisation

pﬁ‘.‘” and Metsig scan for zero central jet

a0 65.9220.29 2474.9317.43 | 345.0241.04 61 | 2.500.24 | 3.28:0.56 | 13.7420.15 | _ 2.50 2.73
B-velo 61.3220.28 2358.82+7.33 | 330.25+1.02 | 445-0.25 | 2.38+023 | 1.94+041 | 1296+0.15 | 248 2561
Nt = 0 28641019 1582.1116.15 | 208.3410.81 | 0.99£0.10 | 1.8210.20 7.2210.10 144 150
pf > 0.00 GeV & METsig > 0.00 28.6410.19 1582.1116.15 | 208.3410.81 | 0.9940.10 | 1.8240.20 7.2220.10 144 150
P> 0.00 GeV & METsig > 0.50 27.9620.19 1406.51+5.82 | 190.43+0.77 | 0.98+0.09 | 1.7440.20 7131010 1.49 155
P> 0.00 GeV & METsig > 1.00 25.9320.18 1069.25+5.08 | 150.33£0.69 | 0.95:0.09 | 1.56+0.19 6.8820.10 156 164
P> 0.00 GeV & METsig > 1.50 22782017 73563424 | 105.63058 | 0.9220.09 | 1.29£0.17 6.51+0.09 163 173
P> 0.00 GeV & METsig > 2.00 18.71£0.15 45749328 | 67.3520.46 | 0.83£0.09 | 1.01£0.15 6.10+0.09 166 1.80
P> 0.00 GeV & METsig > 2.50 14.09£0.13 26470254 | 39.85+035 | 0.74+0.09 | 0.81£0.13 5.55+0.09 160 177
P> 000 GeV & METsig > 3.00 9595011 139.3051.79 | 21232026 | 0.64+0.08 | 0.39+0.09 5.02+0.08 145 165
p7" > 0.00 GeV & METsig > 3.50 70.74+1.27 10.51+0.18 | 0.58+0.07 | 0.23+0.07 4.50+0.08 125 145
P> 0.00 GeV & METsig > 4.00 32.1410.88 0.12_| 0.3940.06 | 0.18+0.06 3.9620.07 1.02 122
P> 0.00 GeV & METsig > 4.50 X 14271055 | 222 0.34+0.06 | 0.10+0.05 3.4620.07 0.79 0.96
P> 0.00 GeV & METsig > 5.00 1.0420.04 5.75:0.36 1.02-0.06 | 0.27+0.05 | 0.05:0.03 3.01+0.06 059 0.73
pf” > 10,00 & GeV METsig > 0.00 27.712019 1047.97+552 | 177.23£0.75 | 0.99£0.10 | 1552019 7.10£0.10 1.66 175
P> 10.00 & GeV METsig > 050 27.1020.18 960.835.27 | 164.050.72 | 0.98+0.09 | 1.49£0.18 7.03£0.10 169 179
P> 10.00 & GeV METsig > 1.00 25243018 738.86+4.60 | 130.68+0.64 | 0.95:0.09 | 1.33£0.17 6.80£0.10 177 189
P> 10.00 & GeV METsig > 150 22255017 509.00+3.84 | 92.13+054 | 0.92£0.09 | 1.15+0.16 6.45+0.09 184 2.00
P> 10.00 & GeV METsig > 2.00 18.3340.15 32331+297 | 59.35:0.43 | 0.83+0.09 | 0.8740.14 6.05+0.09 185 2.06
P >10.00 & GeV METsig > 2.50 13.8410.13 189.55:2.32 | 35291033 | 0.74:0.08 | 0.6940.12 5.5210.09 177 2.02
P> 10.00 & GeV METsig > 3.00 Xl 100.4151.62 | 18.9240.24 | 0.6310.08 | 0.3410.09 4.9910.08 159 187
P> 10.00 & GeV METsig > 3.50 51.6951.16 | 9.44:017 | 0.58£0.07 | 0.2310.07 4.4820.08 136 163
P> 10.00 & GeV METsig > 4.00 23.93:0.81 0.39:0.06 | 0.18+0.06 3.9540.07 710 135
P> 10.00 & GeV METsig > 450 10.7320.50 0.340.06 | 0.10+0.05 3.45+0.07 0.84 1.05
P> 10.00 & GeV METsig > 5.00 X 4225033 0.27£0.05 | 0.05+0.03 3.00+0.06 062 0.79
P> 20,00 & GeV METsig > 0.00 24983018 560.98+4.37 | 116.7040.61 | 0.97£0.09 | 1.20£0.17 6.78+0.10 195 211
P> 20.00 & GeV METsig > 050 24475017 51874422 | 109.03+059 | 0.96+0.09 | 1.14+0.16 6.73+£0.10 197 215
p7" > 20.00 & GeV METsig > 1.00 22.93+0.17 415.96+3.75 | 89.57+0.53 | 0.93+0.09 | 1.09+0.16 6.55+0.09 2.03 2.24
P37 >20.00 & GeV METsig > 150 20.4550.16 295.80+3.18 | 64.71+0.45 | 0.90+0.09 | 1.0140.15 6.290.09 2.09 2.36
P> 20.00 & GeV METsig > 2.00 16.9940.15 190.43:2.43 | 42.20:0.36 | 0.81+0.09 | 0.7640.13 5.9320.09 2.09 2.43
P> 20.00 & GeV METsig > 2.50 12.89£0.13 114.16=1.91 | 25.8020.28 | 0.72-0.08 | 0.58+0.11 5.4520.09 197 2.36
b} > 20,00 & GeV METsig > 3.00 8.7920.10 61.9851.30 | 14.0020.21 | 0.6320.08 | 0.2530.07 4.96+0.08 174 2.15
P> 20,00 & GeV METsig > 350 3257£0.95 057+0.07 | 0.16+0.06 4475008 145 184
P> 20,00 & GeV METsig > 4.00 15.3020.68 0.380.06 | 0.12+0.05 3.9430.07 115 150
P> 20.00 & GeV METsig > 450 6.95+0.41 0.3310.06 | 0.05+0.03 3.450.07 0.86 113
P> 20.00 & GeV METsig > 5.00 0.96+0.03 2.7550.27 0732005 | 0.26£0.05 | 0.0340.02 3.00+0.06 063 0.82
p7" > 30.00 & GeV METsig > 0.00 20.20+0.16 306.80+£2.95 | 69.12:0.47 | 0.93+0.09 | 0.87+0.14 6.30:£0.09 2.04 2.29
p§” > 30.00 & GeV METsig > 050 19.8410.16 64.8010.45 | 0.9110.09 | 0.8310.14 ¥ 6.2620.09 2.06 2.33
P> 30.00 & GeV METsig > 1.00 18.7120.15 22956258 | 54.08£0.41 | 0.90:0.09 | 0.8120.13 | 0.49+0.20 | 6.1520.09 2.12 2.43
P> 30.00 & GeV METsig > 150 16.9120.14 166.6322.18  40.1620.36 | 0.8720.09 0.76+0.13 | 0.49:0.20 596+0.09 217 256
pY >30.00 & GeV METsig > 2.00 14.3120.13 110.37+1.58  26.88+0.29 | 0.79+0.09 0.59+0.12 | 0.40+0.18 5.68+0.09 2.17 2.64
[[P¥">30.00 & GeV METsig > 2.50 | 11.12£0.12 65.0751.24 | 16.86+0.23 | 0.70+0.08 | 0.46+0.10 | 0.40=0.18 | 5.28+0.09 2.05 2561
| 'P¥">30.00 & GeV METsig > 3.00 | 7.6020.10 36712091 | 9.38+0.17 | 0.6120.08 | 0.23+0.07 | 0.40+0.18 | 4.85+0.08 178 234
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RSH-signal optimisation

pﬁ‘.‘” and Metsig scan for zero central jet

B-velo 61.32+0.28 2358.8247.33 | 330.25+1.02 | 445+0.25 | 2.38+023 1296015 | 248 2561

Nt = 0 28642019 1562.1126.15 | 208.3410.81 | 0.9900.10 | 1.8210.20 | 0.6520: 7.2220.10 144 150
>30.00 & GeV METsig > 3.50 4.85:0.08 19.7020.66 | 4.88+0.12 | 055:0.07 | 0.14+0.05 0. 4.4020.08 147 1.96
>30.00 & GeV METsig > 4.00 9.780.45 0.3820.06 | 0.12£0.05 | 0.09:0.09 | 3.91%0.07 114 154
>30.00 & GeV METsig > 450 4743031 0.33£0.06_| 0.050.03 | 0.00:0.00 | 343+0.07 0.84 113

3000 & GeV METsig > 5.00 1.8630.20 0542004 | 0.2620.05 | 0.03+0.02 | 0.00=0.00 | 2.99+0.06 0.60 0.79

"> 40.00 & GeV METsig > 0.00 13.66+0.13 164.7951.84 | 39.99:0.36 | 0.89+0.09 | 0.47+0.10 | 0.3950.18 | 569+0.09 181 2.08

> 40.00 & GeV METsig > 0.50 1343£0.13 152.9651.76 | 37502034 | 0.87+:0.09 | 0.47+010 | 0.3950.18 | 567%0.09 184 212
"> 40.00 & GeV METsig > 1.00 12.69+0.13 123.01+1.56 | 31.39£0.31 | 0.86+0.09 | 0.47+0.10 | 0.39+0.18 | 5.61+0.09 1.88 2.21
7> 40.00 & GeV METsig > 1.50 11.4850.12 90.92+1.34 | 234510.27 | 0.82£0.09 | 0.4340.10 18 | 5.49£0.09 1.91 2.31

> 40.00 & GeV METsig > 2.00 9.8720.11 60.96:1.05 | 159120.22 | 0.75£0.08 | 0.38+0.09 16 | 5.310.09 1.90 2.40
> 40.00 & GeV METsig > 2.50 37.26+0.83 | 10.2720.18 | 0.67+0.08 | 0.31+0.08 5.02+0.08 183 2.41
= 40.00 & GeV METsig > 3.00 21.28+0.63 0.58+0.08 | 0.15+0.06 4.68+0.08 1.60 297
> 40,00 & GeV METsig > 3.50 11.6920.46 05320.07 | 0.090.04 4295008 132 182

" 40.00 & GeV METsig > 4.00 6.08+0.32 0.37£0.06 | 0.07+0.04 3.84+0.07 1.02 141
> 40.00 & GeV METsig > 4.50 327023 0.320.06_| 0.03+0.02 3.40+0.07 075 1.00
> 40.00 & GeV METsig > 5.00 1473016 0.2550.05 | 0.03+0.02 2.97+0.06 050 064
50.00 & GeV METsig > 0.00 925311.23 | 23.1510.27 | 0.82£0.09 | 0.3410.09 5.1410.08 1.30 148

> 50.00 & GeV METsig > 0.50 86.1111.19 | 21.6010.26 | 0.8040.09 | 0.3410.09 5.1320.08 1.31 150

> 50.00 & GeV METsig > 1.00 6957:1.02 | 18.0020.24 | 0.78+0.08 | 0.3410.09 5.1020.08 134 155
> 50.00 & GeV METsig > 150 50.86:0.85 | 13.34=0.21 | 0.74+0.08 | 0.3240.08 5.0310.08 134 1.60
> 50.00 & GeV METsig > 2.00 33.7520.70 0.68+0.08_| 0.27:£0.08 | 0.30:0.16 | 4.90+0.08 134 165
5000 & GeV METsig > 250 21.0920.56 0.62+0.08 | 0.23+0.07 | 0.3020.16 | 4.69+0.08 129 165
5000 & GeV METsig > 3.00 1257043 054007 | 0.11+0.05 | 0.3020.16 | 4.45+0.08 114 150

>50.00 & GeV METsig > 3.50 2.15+0.05 7.22+032 051+0.07 | 0.09+0.04 | 0.3050.16 | 4.14+0.08 0.96 127

RirRRRRRRRRRRRRR R RRRERRRRERR R R R RRRRRR R

"> 50.00 & GeV METsig > 4.00 3.79+0.22 0.37+0.06 | 0.07+0.04 3.74+0.07 0.74 0.97
> 5000 & GeV METsig > 4.50 2.0410.16 0.3210.06_| 0.03+0.02 3.3440.07 054 0.68
> 50.00 & GeV METsig > 5.00 1.0220.11 0.24+0.05 | 0.03+0.02 2.9550.06 0.36 0.43
> 60.00 & GeV METsig > 0.00 56.19+0.90 | 13.7120.21 | 0.730.08 | 0.20+0.07 4.55+0.08 0.90 1.00
> 60.00 & GeV METsig > 050 51.9420.86 | 12.8020.20 | 0.7220.08 | 0.20£0.07 4.54+0.08 0.90 1.02
> 60.00 & GeV METsig > 1.00 4119£0.74 | 10580.18 | 0.7120.08 | 0.20£0.07 453£0.08 091 1.04
> 60.00 & GeV METsig > 1.50 29.8220.60 0.68+0.08 | 0.18+0.06 4.4850.08 091 1.06
T 60.00 & GeV METsig > 2.00 20.07+0.48 0.63+0.08 | 0.18+0.06 4.40+0.08 0.89 1.06
> 60.00 & GeV METsig > 2.50 1253038 058+0.08 | 0.15+0.06 4.25%0.08 0.86 1.05
"> 60.00 & GeV METsig > 3.00 7.30+0.29 0.53+0.07 | 0.09+0.04 4.08+0.07 0.76 0.95
> 60.00 & GeV METsig > 3.50 4241022 0.4910.07 | 0.0710.04 3.8720.07 0.64 0.79
> 60.00 & GeV METsig > 4.00 2.3410.16 0.35:0.06 | 0.0520.03 3.5420.07 0.49 0.60
> 60.00 & GeV METsig > 450 1293012 0.30£0.06 | 0.030.02 3.2240.07 0.36 0.43
> 60.00 & GeV METsig > 5.00 0.74%0.08 0.23£0.05 | 0.030.02 2.87+0.06 023 0.26
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RSH-signal optimisation

pﬁ‘.‘” and Metsig scan for one or more central jet

65.9220.29 2474.9317.43 | 345.0241.04 61 | 2.5000.24 | 3.28:0.56 | 13.7400.15 | _ 2.50 2.73

61.3220.00 2358.820.00 | 330.25+0.00 | 4.45-0.00 | 2.38+0.00 | 1.94+0.00 | 1296+0.00 | 248 2561

> 32.6810.20 776.71£3.99 | 121.911062 | 3.4610.23 | 0.5610.11 | 1.3010.34 | 5741011 222 2.41

pf > 0.00 GeV & METsig > 0.00 32.6810.20 121.9140.62 | 3.4610.23 | 0.56-0.11 | 1.3040.34 | 5741011 222 2.41
P> 0.00 GeV & METsig > 0.50 32.1620.20 695.403.84 | 110.772059 | 3.4120.23 | 0.47£0.11 | 1.30-0.34 | 5.6840.11 229 2.50
P> 0.00 GeV & METsig > 1.00 30.4720.19 517.9923.02 | 8554052 | 3.33:0.23 | 0.3820.09 | 1.30+0.34 | 5.48+0.10 245 2.73
P> 0.00 GeV & METsig > 1.50 27.752019 337.352253 | 57.7620.43 | 3.06-0.22 | 0.30£0.09 | 1.30=0.34 | 5.17+0.10 2.65 3.06
P> 0.00 GeV & METsig > 2.00 24403017 1975722.04 | 34762033 | 2772021 | 0.23+0.08 | 1222033 | 4.78£0.10 285 349
P> 0.00 GeV & METsig > 2.50 2058+0.16 105505150 | 19.0920.24 | 248020 | 0.03+0.04 | 0.9950.30 | 4.29+0.09 2.99 397
P4 > 0.00 GeV & METsig > 3.00 16.83+0.14 52.18+1.22 2194019 0.01:+0.03 | 0.99+0.30 _3.7840.08 3.03 4.49
p7" > 0.00 GeV & METsig > 3.50 13.2540.13 24.40+1.03 1.91+0.17 | 0.01+0.03 | 0.83+0.28 | 3.31:£0.08 293 4.95
P> 0.00 GeV & METsig > 4.00 10.0840.11 10.46+0.92 1.66+0.16 | 0.01-0.03 | 0.74+0.27 | 2.9240.07 272 527
P> 0.00 GeV & METsig > 4.50 7.4430.10 4731027 1.40£0.15 | 0.00+0.03 2.5310.07 241 5.18
P> 0.00 GeV & METsig > 5.00 5.390. 2.0310.18 0423004 | 1.260.13 | 0.00+0.03 2.15+0.06 2.09 475
pf” > 10,00 GeV & METsig > 0.00 32.1720.20 756.97=3.06 | 120.080.61 | 3.48+0.23 | 0.5620.11 5.69+0.11 221 2.40
P> 10.00 GeV & METsig > 050 31.6420.20 677.1723.82 | 109.062058 | 3.43+0.23 | 0.47%0.11 5.6320.10 228 2.49
P> 10.00 GeV & METsig > 1.00 29.9720.19 502.66:2.99 | 84122051 | 3.3520.23 | 0.3820.09 5445010 247 272
P> 10.00 GeV & METsig > 150 27293018 325782250 | 5667042 | 3.08+0.22 | 0.30£0.09 5.13%0.10 264 3.06
P> 10.00 GeV & METsig > 2.00 23973017 189.75:2.02 | 34.03+033 | 2.79+0.21 | 0.23+0.08 4755010 284 3.49
P> 10.00 GeV & METsig > 2.50 20245016 100.90:1.48 | 18642024 | 2.4910.20 | 0.0310.04 4.2610.09 2.98 3.98
P >10.00 GeV & METsig > 3.00 16.5740.14 49.6711.21 2.1910.19 | 0.01£0.03 3.7520.08 3.02 452
P> 10.00 GeV & METsig > 3.50 13.0620.13 23.14:1.03 1.920.17 | 0.0120.03 3.290.08 2.92 4.98
P> 10.00 GeV & METsig > 4.00 9.9520.11 981091 1.6820.16 | 0.01£0.03 2.90+0.07 271 531
P> 10.00 GeV & METsig > 450 4512027 1412015 | 0.00£0.03 2.52+0.07 2.40 519
P> 10,00 GeV & METsig > 5.00 X 1.9630.18 X 1262013 | 0.00£0.03 2.15+0.06 2.08 474
P> 20,00 GeV & METsig > 0.00 30.6420.19 717.49£3.87 | 113.74+060 | 3.44+0.23 | 0.56+0.11 5.56+0.10 2.16 234
P> 20.00 GeV & METsig > 050 30.1420.19 64055373 | 103.10+057 | 3.39+0.23 | 0.47+0.11 551+0.10 223 2.44
p7" > 20.00 GeV & METsig > 1.00 28.53+0.19 473.1542.90 | 79.20+0.50 | 3.32+0.23 | 0.38+0.09 5.32+0.10 2.39 2.67
P> 20.00 GeV & METsig > 150 25.9340.18 304541242 | 5303041 | 3.05:0.22 | 0.3040.09 5.0320.10 259 3.00
P> 20.00 GeV & METsig > 2.00 22793017 175.3321.95 | 31.6620.31 | 2.77+0.21 | 0.230.08 4.66-0.09 2.79 3.44
P> 20.00 GeV & METsig > 2.50 19.2520.15 92.26:143 | 17.2420.23 | 2.48:0.20 | 0.0320.04 4.18+0.09 2.93 3.95
pf” > 20,00 GeV & METsig > 3.00 15.8120.14 44725117 2.20£0.19 | 0.010.03 3.69+0.08 2.98 451
P> 20,00 GeV & METsig > 350 1250£0.12 20.82£1.00 1932017 | 0.01£0.03 3.2550.08 2.88 297
P> 20,00 GeV & METsig > 4.00 95520, 8.63+0.90 16920.16 | 0.01£0.03 2.87+0.07 267 532
P> 20,00 GeV & METsig > 450 7.1520.09 4071025 1412015 | 0.00£0.03 2504007 238 519
P> 20.00 GeV & METsig > 5.00 5212008 1843017 0362003 | 1.25£0.13 | 0.0040.03 2.13+0.06 2.05 4569
p7" > 30.00 GeV & METsig > 0.00 28.32+0.19 660.79+3.66 | 102.60+0.57 | 3.36+0.23 | 0.5240.11 5.38+0.10 2.08 2.26
pf” > 30.00 GeV & METsig > 050 27.8410.19 92.821054 | 3311023 | 0.4500.10 5.3320.10 2.15 2.35
P> 30.00 GeV & METsig > 1.00 26.3020.18 432.7322.70 | 70.99£0.47 | 3.24+0.22 | 0.3820.09 5152010 2.30 2.58
p">30.00 GeV & METsig > 150 23.872017 27568+2.26 | 47.1820.38 | 2.98+0.22 | 0.30£0.09 487+0.10 250 2.91
p">30.00 GeV & METsig > 2.00 20.9420.16 157.46=1.83 | 27.950.30 | 2.71=0.21 | 0.230.08 451+0.09 2.70 334
p">30.00 GeV & METsig > 250 17.6620.15 81795133 | 15.0820.22 | 2.42+020 | 0.03+0.04 | 0.9920: 4.06+0.09 283 384
p¥>30.00 GeV & METsig > 3.00 1452£0.13 39245111 | 7705015 | 2.14%0.18 | 0.01+0.03 | 0.99+0.30 | 3.60+0.08 2.88 4.40
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RSH-signal optimisation

pﬁ‘.‘” and Metsig scan for one or more central jet

B-velo 61.3220.00 2358.82+0.00 | 330.25+0.00 | 4.45-0.00 | 2.38+0.00 | 1.94+0.00 | 1296+0.00 | 248 2561
Nejet = 1 32.6810.20 776.7113.99 | 121.911062 | 3.4610.23 | 0.5610.11 | 1.3010.34 | 5.74L0.11 222 241
p¥ > 30.00 GeV & METsig > 3.50 11.5320.12 17.8620.96 | 3.71-0.11 | 1.89+0.17 | 0.0120.03 | 0.8320.28 | 3.1740.08 2.79 488
p¥">30.00 GeV & METsig > 4.00 7.2720.88 1.6620.16 | 0.01+0.03 | 0.74=0.27 | 2.81+0.07 2.60 5.26
p">30.00 GeV & METsig > 450 338+0.21 1.38:0.14 | 0.00+0.03 | 0.50+0.20 | 2.45+0.07 2.32 515
p">30.00 GeV & METsig > 5.00 1523015 0302003 | 1.2420.13 | 0.00+0.03 | 0.5020.20 | 2.09+0.06 2.01 466
P> 40,00 GeV & METsig > 0.00 58202283 | 88.65+053 | 3.26+0.23 | 0.45+0.10 | 1.21£0.33 | 5.10+0.10 199 217
P> 40.00 GeV & METsig > 050 25043018 517.60£2.69 | 80.06=050 | 3.21+0.22 | 0.38+0.09 | 1.21=0.33 | 5.06+0.10 2.06 225
pi” > 40.00 GeV & METsig > 1.00 23642017 61.152044 | 3154022 | 0.33+0.08 | 1.21+0.33 | 4.89+0.10 2.20 2.47
p§” > 40.00 GeV & METsig > 150 21.4640.16 4020:0.35 | 2904021 | 0.2540.07 4622009 2.39 2.80
P> 40.00 GeV & METsig > 2.00 18.8320.15 23612027 | 2.63+0.20 | 0.2340.07 4.3040.09 259 3.22
P> 40.00 GeV & METsig > 2.50 15.9520.14 69.88+1.23 | 12.62:0.20 | 2.36+0.19 | 0.06+0.03 3.87+0.09 273 374
pf” > 40,00 GeV & METsig > 3.00 13.15£0.13 33.00£1.05 2.09£0.18 | 0.03+0.03 3.45+0.08 2.77 431
P> 40.00 GeV & METsig > 350 10522011 15.0520.93 1842017 | 0.03£0.03 3.0520.07 2.68 478
P> 40,00 GeV & METsig > 4.00 5.99+0.86 16320.15 | 0.03£0.03 2.72£0.07 251 519
P> 40.00 GeV & METsig > 450 2.83%0.19 1372014 | 0.03£0.03 2.39+0.07 225 5.06
P> 40.00 GeV & METsig > 5.00 1274013 1.23£0.13 | 0.03+0.03 2.04+0.06 197 459
pi” > 50.00 GeV & METsig > 0.00 22.445017 497491246 | 73831048 | 3.1110.22 | 0.3740.09 4851010 1.89 2.07
pf” > 50.00 GeV & METsig > 050 22.031017, 442011233 | 66.6410.46 | 3.0710.22 | 0.3010.08 4.8020.10 1.95 2.15
P> 50.00 GeV & METsig > 1.00 20.8220.16 323.2022.05 | 50.75:0.40 | 3.02:0.22 | 0.25£0.07 4652009 2.10 2.36
p¥">50.00 GeV & METsig > 150 18.9120.15 202.82:1.69 | 33.16:0.32 | 2.80:0.21 | 0.19£0.06 4.40£0.09 2.28 2,68
P> 50.00 GeV & METsig > 2.00 16.6420.14 114.1051.38 | 19.3120.25 | 2532020 | 0.18+0.06 | 1.050.31 | 4.12£0.09 2.47 341
P >50.00 GeV & METsig > 2.50 1417£0.13 58125114 | 10.3120.18 | 2.27+019 | 0.03+0.03 | 0.91=0.29 | 3.71+0.08 261 362
p¥>50.00 GeV & METsig > 3.00 11.78£0.12 27.07£0.99 | 5155013 | 2.0130.18 | 0.03+0.03 | 0.91£0.29 | 3.31+0.08 2.66 421
P> 50.00 GeV & METsig > 350 9512011 12.34:0.90 1762016 | 0.03+0.03 | 0.75+0.27 | 2.94+0.07 258 469
p7">50.00 GeV & METsig > 4.00 7.560.10 4.69+0.85 1.55+0.15 | 0.03+0.03 | 0.66+0.25 | 2.63::0.07 243 514
P >50.00 GeV & METsig > 4.50 5.90+0.09 2341016 1.28+0.14 | 0.03£0.03 2.3220.06 2.18 4.99
P> 50.00 GeV & METsig > 5.00 45120.07 1112012 1.16+0.13 | 0.030.03 2.00+0.06 192 451
P> 60.00 GeV & METsig > 0.00 19.3320.15 422.9122.03 | 60.23+0.44 | 2.93+0.21 | 0.31£0.08 4.59+0.09 177 193
pf” > 60.00 GeV & METsig > 050 18.9820.15 375262192 | 54412041 | 2.89-0.21 | 0.2820.08 4.55+0.09 1.83 2.01
P> 60.00 GeV & METsig > 1.00 17.9720.15 27387165 | 41.3720.36 | 2.8520.21 | 0.23£0.07 4412009 1.96 222
P> 60.00 GeV & METsig > 150 16.42£0.14 171.1751.29 | 26.9320.29 | 264+0.20 | 0.17+0.06 419£0.09 215 2.54
P> 60.00 GeV & METsig > 2.00 1455£0.13 9575:0.97 | 155620.22 | 2.38+0.19 | 0.16+0.06 3.93+0.09 234 2.96
P> 60.00 GeV & METsig > 250 12.47+0.12 48791069 210+£0.19 | 0.03+0.03 3.55+0.08 2.48 347
p7" > 60.00 GeV & METsig > 3.00 10.4840.11 22.96+0.49 1.8540.17 | 0.0340.03 3.17+0.08 253 4.05
pf” > 60.00 GeV & METsig > 3.50 10 10.7610.33 1.621:0.16 | 0.0310.03 2.8210.07 2.45 450
P> 60.00 GeV & METsig > 4.00 4495021 1432015 | 0.03£0.03 2.5410.07 232 4.90
P> 60.00 GeV & METsig > 450 1872014 1182014 | 0.03£0.03 2.2410.06 212 4.95
P> 60.00 GeV & METsig > 5.00 0.93£0.10 1102013 | 0.03£0.03 1.93+0.06 188 4.46
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RSH-signal optimisation

A narrow 2D scan for zero and one or more central jet

(mn, my) = (390,220) q92Z° z Z + jets
ar 65.92+0.29 2474.9347.43 [ 345.02+1.04 | 26.89+0.61 [ 2.59+0.24 | 3.28+0.56 | 13.74+0.15 2.590 2.733
B-veto 61.32:0.28 2358.824:7.33 | 330.0551.02 | 4451025 | 2.36+0.23 | 1.045041 | 12.9620.15 | 2480 | 2614
Nejor = 0 28.64:0.19 1582.11+6.15 | 208.34+0.81 [ 0.99+0.10 | 1.82+0.20 [ 0.65+0.23 | 7.22+0.10 1.442 1.498
P > 20,00 GeV & METsig > 150 20452016 295804318 | 64.7120.45 | 0.9040.09 | 1.01£0.15 | 0574022 | 629:009 | 2094 | 2362
¥ > 20,00 GeV & METsig > 1.75 18.810.15 238.5012.79 | 52950041 | 0.8740.09 | 0.92:0.14 | 0.490.20 | 6.12:009 | 2407 | 2.411
7> 20,00 GeV & METsig > 2.00 16.9920.15 790431243 | 42.2910.36 | 0812009 | 0.7620.13 | 0.4010.18 | 593009 | 2.094 | 2431
¥ > 25,00 GeV & METsig > 150 19.0120.15 223.7412.60 | 51272040 | 0.8940.09 | 0.86:0.14 | 0574022 | 6.16:009 | 2173 | 2506
¥ > 2500 GeV & METsig > 1.75 17562015 781962221 | 42.37:0.37 | 0862009 | 0.7920.13 | 0492020 | 6002009 | 2.183 | 2.557
¥ > 2500 GeV & METsig > 2.00 15922014 745.8951.93 | 34.04:0.33 | 081£009 | 06720.12 | 040:0.18 | 584009 | 2.166 | 2.580
577> 3000 GeV & METsig > 150 16912014 766.63+2.18 | 40.16:0.36 | 0871009 | 0.76%0.13 | 0495020 | 5962009 | 2173 | 2560
P’ > 30.00 GeV & METsig > 1.75 15.72:0.14 136.74+1.82 | 33.33+0.32  084:0.09 | 0.72:0.13 0.49:0.20 | 582009  2.184 | 2.616
[P = 30,00 GeV & METsig > 2.00 14312013 710.3741.58 | 26.88:0.29 | 0.79£0.09 | 059+0.12 | 0.40£0.18 | 568+0.09 | 2.165 | 2640

(mp, my) = (390,

a 65.92£0.29 2474.9347.43 | 345.02£1.04 2.59+0.24 | 3.2840.56 | 13.74+0.15 | 2.500 [ 2.733
B-velo 61.320.00 2358.820.00 | 330.25:0.00 | 4.4520.00 | 2.38+0.00 | 1.94+0.00 | 12.96+0.00 | 2480 | 2.614
Nejer = 1 32.6810.20 776.71£3.99 | 121.9140.62 10 0.5620.11 | 1.3040.34 | 5.74£0.11 2.217 | 2405
p¥ > 0.00 GeV & METsig > 2.00 24405017 19757 34.76+0.33 | 2.77:0.21 | 0.23+0.08 | 1.220.33 | 4.78+0.10 | 2.848 | 3.486
P> 000 GeV & METsig > 2.25 22545017 14584=1.83 | 26.18+0.29 ¥ 0.14+0.06 | 1.13+0.32 | 4551009 | 2930 | 3.723
P> 0.00 GeV & METsig > 250 205820.16 1055051.50 | 19.09£0.24 ¥ 0.0330.04 | 0.9940.30 | 429009 | 2.987 | 3970
P> 000 GeV & METsig > 2.75 18.72£0.15 74655135 | 13.85+0.21 0.03+0.04 | 0.99+030 | 404009 | 3.029 | 4241
P> 0.00 GeV_& METsig > 3.00 16.83£0.14 52184122 9.90+£0.18 | 2.19%0. 0014003 0994030 3.76+:008 | 3.030 | 4.494
P> 10.00 GeV_& METsig > 2.00 23.97+0.17 189.75:2.02 | 34.03£0.33 0. 0.2310.08 | 1.2240.33 | 4.75:0.10 | 2.840 | 3.487
P> 10.00 GeV_& METsig > 2.25 22155017 25.600.28 ¥ 0145006 | 1.1340.32 | 452009 | 2.923 |3.729
P> 10.00 GeV_& METsig > 2.50 20.240.16 18645024 ¥ 0.03+0.04 | 0.99+0.30 | 426009 | 2.982 | 3.981
P> 10,00 GeV_& METsig > 2.75 18.41+0.15 71235133 | 13504020 0.03+0.04 | 0.99+0.30 | 402009 | 3.022 | 4257
P> 10.00 GeV_& METsig > 3.00 16.5720.14 49.67+1.21 | 9.66+0.17 X 0.0140.03 | 0.9940.30 | 3.751008 | 3.024 | 4518
P> 500 GeV & METsig > 2.00 24302017 195.02:2.03 | 34.6240.33 ¥ 0.2310.08 | 1.2240.33 | 477:0.10 | 2.849 | 3.491
P> 500 GeV & METsig > 2.25 22455017 143.8051.82 | 26.06+0.28 ¥ 0.14+0.06 | 1.13+0.32 | 454009 | 2.931 | 3.731
P> 500 GeV & METsig > 250 20502016 104.0651.50 | 18.99+0.24 ¥ 0.0310.04 | 0.9940.30 | 428009 | 2.989 | 3978
P >500GeV & METsig > 2.75 18.64+0.15 73575134 | 13.77£0.21 0.03+0.04 | 0.99+0.30 | 403+009 | 3.029 | 4250
P > 500 GeV & METsig > 3.00 16.7610.14 51411122 | 9.8310.17 0. 0.0120.03 | 0.9940.30 | 3.77+0.08 | 3.029 | 4504

The total significance for both zero and one or mor central jet is
3.735 (quadrature sum)
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Summary

central jet & Metsig is the best RSH-signal optimisation (See on the

Comparison between the jet/central jet and Metsig/EIMS$ shows the
additional slides).

O For = 0 central jet: (p¥, Metsig, Sig) = (30 GeV, 1.75, 2.184);
O For > 1 central jet: (p¥, Metsig, Sig) = (0 GeV, 3.0, 3.030);
O These are preliminary categories for low Met; and

OO0 Further categories such as low, medium and high Met may be
considered.

Work in progress

Signal parametrisation
e MET re-weighting
Background fit

e Simultaneous fit
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Thank you!




Additional slides

2D mapping of p4* and Metsig
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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

p# and EMsS scan for zero central jet

65.92+0.29

2474.93+7.43 | 345.02+1.04

26.89+

2.5940.24

28+0.56

13.7440.15

Bvelo 61.3220.28 2358.82=7.33 | 330.25+1.02 | 4.4520.25 | 2.38+0.23 | 1942041 | 12.9620.15 261
N = 0 28.6420.19 7562.1126.15 | 208.3430.81 | 0.9920.10 | 1.82£0.20 | 0.656£0.23 | 7.22£0.10 .50
P > 000 & E7™ > 0.00 GeV. 28.6420.19 7582.1126.15 | 208.3420.81 | 0.99:0.10 | 1.82£0.20 | 0.656£0.23 | 7.22£0.10 150
79 > 0.00 & Ef™* > 10.00 GeV 27.76+0.19 1340.84+5.70 | 184.65+0.76 | 0.98+0.09 | 1.67+0.19 | 0.65+0.23 | 7.11+0.10 1.57
P> 000 & Ep™ > 20.00 GeV 24.9920.18 958.03£4.79 | 137.07£0.66 | 0.96:0.09 | 1.350.17 | 0572022 | 6.80£0.10 767
[ > 0.00 & 7™ > 30.00 GeV 20.7420.16 603.46-3.81 | 89.74:053 | 0.94-0.09 | 1.01+0.15 | 0.48+0.20 | 6.38:0.09 .74
P> 0.00 & Ep™ > 40.00 GeV 15.3120.14 349.69:2.81 | 53.3720.41 | 0.83£0.09 | 0.64=0.12 | 0.40-0.18 | 5.86=0.09 .68
P> 0.00 & EF™ > 50.00 GeV 10202011 186.73£1.98 | 29.02:0.30 | 0.7240.08 | 0.37£0.09 | 0.40£0.18 | 5.290.09 751
[ pi7 > 0.00 & E7™ > 60.00 GeV 6.3020.09 98.2351.43 | 14.800.21 | 0.6620.08 | 0.21£0.07 | 0.40£0.18 | 4.69:0.08 1.28
P> 000 & 7™ > 70.00 GeV 3.7620.07 476230.97 | 7.2430.15 | 053+0.07 | 0.1630.06 7.10£0.08 7.08
[p7 > 0.00 & E7"™ > 80.00 GeV. 2.12:0.05 22152064 | 3491010 | 0.44£007 | 0.1040.05 3.5820.07 0.86
P> 000 & E7™ > 90.00 GeV 7.20+0.04 70532043 | 1.6420.07 | 0.40-0.06 | 0.10£0.05 | 0.09=0.09 | 3.110.07 0.67
[p¥>0.00 & E™ > 100.00 GeV 0.65+0.03 4901029 | 0.76:0.05 | 0.32+0.05 | 0.02:0.02 | 0.09£0.09 | 2.66-0.06 049
P> 10.00 & E7 > 0.00 GeV 27.7120.19 7047.9725.52 | 177.2320.75 | 0.9920.10 | 1.5520.19 | 0.57£0.22 | 7.10£0.10 .75
P> 10.00 & E7™ > 10.00 GeV 26.92:0.18 927531517 | 160.0310.71 | 0.9810.09 | 1.4450.18 | 0.57£0.02 | 7.01£0.10 1.80
P> 10.00 & Ey™ > 20.00 GeV 24.3820.17 665.13:4.35 | 119.53£0.61 | 0.9620.09 | 1.19=0.16 | 0.5720.22 | 6.7320.10 1.92
P> 10.00 & Ep™ > 30.00 GeV 20.3120.16 42967348 | 79.1420.50 | 0.9410.09 | 0.87%0.14 | 0.48+0.20 | 6.3320.09 1.98
i’ > 10.00 & EF™ > 40.00 GeV 15.00:0.14 253404257 | 4759:0.39 | 0.83£0.09 | 057+0.11 | 0.40+0.18 | 583009 .89
P> 10.00 & Ep™ > 50.00 GeV 70.0120.11 738.63+1.80 | 26.0420.29 | 0.7220.08 | 0.35+0.09 | 0.40+0.18 | 5.26+0.09 1.70
pf" > 10.00 & Ef"™* > 60.00 GeV 6.18+0.09 73.15+1.31 13.38+0.20 0.66+0.08 | 0.21+0.07 | 0.40+0.18 | 4.67+0.08 1.43
P> 10.00 & Ey™ > 70.00 GeV 3712007 36.2820.89 | 6570.14 | 0.5320.07 | 0.1620.06 | 0.21£0.13 | 4.09£0.07 719
P> 10.00 & Ey™ > 80.00 GeV 2.0910.05 76982059 | 3.1810.10 | 0.4410.07 | 0.1040.05 | 0.0940.09 | 3571007 094
P> 10.00 & Ey™ > 90.00 GeV 7.19:0.04 8.09£0.39 | 1.49+0.07 | 0.4020.06 | 0.10£0.05 | 0.09£0.09 | 3.10+0.07 0.72
P> 10.00 & Ey™ > 100.00 GeV. 0.6520.03 3855027 | 06810.05 | 0.3220.05 | 0.020.02 | 0.090.09 | 26510.06 052
[P > 20,00 & Ey™ > 0.00 GeV 24.9820.18 560.98:4.37 | 116.70£0.61 | 0.97£0.09 | 1.20£0.17 | 05720.22 | 6.7820.10 211
[p¥7 > 20.00 & EF™ > 10.00 GeV. 24.3520.17 508.27+4.16 | 107.2620.58 | 0.96:0.09 | 1.14-0.16 | 0572022 | 6.7220.10 2.16
79 > 20.00 & E™* > 20.00 GeV 22.29+0.17 386.27+3.58 83.74+0.51 0.94+0.09 | 1.04+0.15 | 0.57+0.22 | 6.52+0.09 2.26
[pi7> 20.00 & EF™ > 30.00 GeV. 18.80+0.15 255.50:2.90 | 56.67=0.42 | 0.92£0.09 | 0.76=0.13 | 0.48-0.20 | 6.190.09 2.33
[ o> 20.00 & EF™ > 40.00 GeV 13941018 155.7742.14 | 35071033 | 0.8140.09 | 0462010 | 0.40£0.18 | 5.74-0.09 2.20
[ pi7> 20.00 & E7™ > 50.00 GeV. 9.3320.11 87.44=147 | 19672025 | 0.71=0.08 | 0.28+0.08 | 0.40£0.18 | 5.20£0.08 1.94
P> 20.00 & E™ > 60.00 GeV 5.7450.08 4735:1.07 | 10.2720.18 | 0.6520.08 | 0.140.05 | 0.40+0.18 | 4.65:0.08 1.60
[ pi7 > 20.00 & EF"™ > 70.00 GeV. 3.4120.06 24.1920.73 | 5.06=0.13 | 0.52£0.07 | 0.09£0.04 | 0.21£0.13 | 4.07£0.07 129
[p77 > 20.00 & E7™ > 80.00 GeV. 1.940.05 71822048 | 2522009 | 0.43+0.07 | 0.0520.03 | 0.09-0.09 | 3.5720.07 7.00
[ o> 20.00 & Ef™ > 90.00 GeV 7.090.04 5493033 | 1.19:0.06 | 0.39+0.06 | 0.05:0.03 | 0.09£0.09 | 3.10£0.07 0.76
[ pi7> 20.00 & EP™ > 100.00 GeV 0.59-0.03 2704022 | 053+0.04 | 0.31=0.05 | 0.02+0.02 | 0.090.09 | 265+0.06 052
[ p¥>30.00 & ET™ > 0.00 GeV 20.20:0.16 306.80:2.95 | 69.12:0.47 | 0.9310.09 | 0.870.14 | 0.490.20 | 6.30£0.09 229
[P > 30.00 & EF™ > 10.00 GeV. 19.7720.16 279.66:2.82 | 64.1020.45 | 0.91£0.09 | 0.83=0.14 | 0.49-0.20 | 6.26=0.09 2.34
P> 30.00 & Ey™ > 20.00 GeV 18.3220.15 218.732.50 | 51.98:0.40 | 0.90£0.09 | 0.81%0.13 | 0.49:0.20 | 6.1320.09 243
P> 30.00 & EF > 30.00 GeV. 15.8520.14 151.09£2.02 _36.7020.34 | 0.890.09 0.61+0.12 | 0.40£0.18 | 5.91+0.0
[P = 30.00 & Ey™ > 40.00 GeV 12.00£0.12 93.7551.40 | 23.2320.27 0.4020.18
[p¥>30.00 & Ey™ > 50.00 GeV 5387:1.05 | 13.61=0.21 0.4020.18




Additional slides

p# and EMsS scan for zero central jet

a4l 65.92+0.29 2474,93+7.43 | 345.0; 04 ] 26.89+0.61 | 2.59+0.24 | 3.28+0.56 [ 13.74+0.15 259 273
B-velo 61.3210.28 2358.8217.33 | 330.2541.02 | 4451025 | 2.3810.23 | 1.94:0.41 | 12.9610.15 248 261

=0 28.64+0.19 1582.1126.15 | 208.34=0.81 | 0.99£0.10 | 1.82+0.20 7.22£0.10 144 150
p¥ > 30.00 & ET™ > 60.00 GeV. 5.01+0.08 30.0240.75 | 7.28£0.15 | 0.64+0.08 | 0.14+0.05 458+0.08 135 1.69
P >30.00 & E/" > 70.00 GeV. 2.99+0.06 15.89+0.53 3.64+0.11 0.51+0.07 | 0.09+0.04 4.04+0.07 1.06 1.34
P37 >30.00 & E" > 80.00 GeV. 1.70+0.05 8.17+0.36 1.85+0.08 0.43+0.07 | 0.05+0.03 3.55+0.07 0.80 1.01

T>30.00 & E7™ > 90.00 GeV 0.97+0.03 4.02+0.24 0.91+0.05 0.39+0.06 | 0.05+0.03 3.08+0.07 0.59 0.74
P37 >30.00 & EM™ > 100.00 GeV. 0.52+0.03 1.87£0.17 0.41+0.04 0.31+0.05 | 0.02+0.02 2.64+0.06 0.41 0.50
P37 > 40.00 & EM™ > 0.00 GeV| 13.66+0.13 164.79+1.84 | 39.99+0.36 | 0.89+0.09 | 0.47+0.10 5.69+0.09 1.81 2.08
pr > 40.00 & E™* > 10.00 GeV 13.41+0.13 151.54+1.74 | 37.26+0.34 | 0.87+0.09 | 0.47+0.10 5.67+0.09 1.84 2.12
pr > 40.00 & Ef™* > 20.00 GeV 12.47+0.12 120.21+1.52 | 30.6740.31 0.86+0.09 | 0.47+0.10 5.61+0.09 1.87 2.20
p7 > 40.00 & E™* > 30.00 GeV 10.96+0.12 86.2541.24 22.3940.27 | 0.84:0.09 | 0.3840.09 5.47+0.09 1.87 2.26
P > 40.00 & ET™ > 40.00 GeV 8.73+0.10 55.08-:0.96 14.6340.21 0.75+0.08 | 0.294-0.08 5.25+-0.09 1.77 222
Py > 40.00 & ET™ > 50.00 GeV 6.03+0.09 32.1440.72 8.86+0.17 0.66--0.08 | 0.16--0.06 4.87+0.08 1.53 1.95
PIT > 40.00 & ET™ > 60.00 GeV. 3.800.07 18761054 | 4.8440.12 | 0.61+0.08 | 0.09+0.04 4.45+0.08 122 1.56
PY > 40.00 & ET™ > 70.00 GeV. 2.37+0.05 105910.39 | 2474009 | 0.49+0.07 | 0.07+0.04 3.97£0.07 097 1.25
P> 40.00 & ET™ > 80.00 GeV. 1.3620.04 5.5920.28 1.23£0.06 | 0.42£0.07 | 0.03+0.02 351£0.07 072 0.92
P> 40.00 & ET™ > 90.00 GeV. 0.77+0.03 3112019 0.63+0.04 | 0.39+0.06 | 0.03+0.02 3.06+0.06 051 0.63
P> 40.00 & E™ > 100.00 GeV 0.42+0.02 1.550.13 0.31£0.03 | 0.310.05 | 0.00+0.00 2.6320.06 0.36 0.43
P> 5000 & E/™ > 0.00 GeV. 7.39£0.10 92534123 | 23.15+£0.27 | 0.82+0.09 | 0.34+0.09 5.1420.08 1.30 1.48
P >50.00 & E/" > 10.00 GeV. 7.22+0.09 85.85+1.18 21.58+0.26 | 0.80+0.09 | 0.34+0.09 5.13+0.08 1.31 1.50
P >50.00 & E™ > 20.00 GeV. 6.69+0.09 69.21+1.01 17.86+0.24 | 0.79+0.08 | 0.34+0.09 5.10+£0.08 132 1.54

T>50.00 & £ > 30.00 GeV 5.88+0.09 50.27+0.82 13.11+0.20 | 0.76+0.08 | 0.27+0.08 5.02+0.08 131 1.56
P37 >50.00 & "= > 40.00 GeV. 4.79+0.08 32.77+0.66 8.72+0.17 0.68+0.08 | 0.22+0.07 4.88+0.08 1.26 1.54
P¥>50.00 & ET™ > 50.00 GeV. 3.58+£0.07 20.4140.51 5.46+0.13 0.61+0.08 | 0.14+0.05 4.62+0.08 1.13 1.42
p7 > 50.00 & E™* > 60.00 GeV 2.35+0.05 12.13+0.39 3.10+0.10 0.58+0.08 | 0.09+0.04 4.29+0.08 0.92 1.15
pr > 50.00 & E™* > 70.00 GeV 1.5140.04 7.12+0.29 1.64+0.07 0.47+0.07 | 0.07+0.04 3.88+0.07 0.73 0.91
p7 > 50.00 & E™* > 80.00 GeV 0.89+0.03 3.84+0.21 0.82+0.05 0.42:0.06 | 0.03+0.02 3.44+0.07 0.55 0.67
P >50.00 & E{™ > 90.00 GeV 0.53+0.03 2.24:0.14 0.42:+£0.04 0.38+0.06 | 0.03+0.02 3.03+0.06 0.39 0.47
pIT > 5000 & EI™ > 100.00 GeV 0.3140.02 114010 0.2140.02 | 0.29+0.05 | 0.00+0.00 2.62+0.06 029 0.33
P > 60.00 & E™ > 0.00 GeV 3.93+0.07 56.19+:0.90 13.7140.21 0.73+0.08 | 0.20+-0.07 4.55+0.08 0.90 1.00
PI” > 60.00 & ET™ > 10.00 GeV. 3.840.07 52.0040.86 | 12.8510.20 | 0.72£0.08 | 0.2040.07 454+0.08 0.90 101
P> 60.00 & E™ > 20.00 GeV. 353+0.07 41.5540.74 | 10.65+0.18 | 0.71£0.08 | 0.20+0.07 45320.08 0.90 1.03
P> 60.00 & EI™ > 30.00 GeV. 3.06+0.06 30.674059 | 7.91£0.16 | 0.69+0.08 | 0.180.06 4.49+0.08 0.88 1.02
P> 60.00 & ET™ > 40.00 GeV. 2.51+0.06 20574048 | 5.29+0.13 | 0.63+0.08 | 0.15+0.06 4.40+0.08 0.84 0.99
P> 60.00 & ET™ > 50.00 GeV. 1.98+0.05 12.93+0.37 | 3.44+0.10 | 0.58=0.08 | 0.09+0.04 4.2330.08 0.78 0.94
P > 60.00 & E" > 60.00 GeV. 1.37+0.04 7.80+0.29 1.99+0.08 0.57+0.08 | 0.07+0.04 4.02+0.07 0.66 0.79
P > 60.00 & EI"™ > 70.00 GeV. 0.93+0.03 4.75+0.21 1.11+0.06 0.46+0.07 | 0.07+0.04 3.69+0.07 0.54 0.65

T60.00 & £ > 80.00 GeV 0.58+0.03 2.66+0.15 0.59+0.04 0.40+0.06 | 0.03+0.02 3.33+0.07 0.41 0.49
P > 60.00 & EI= > 90.00 GeV. 0.37+0.02 1.71£0.12 0.31+0.03 0.36+0.06 | 0.03+0.02 2.97+0.06 0.31 0.35
P37 > 60.00 & EM™ > 100.00 GeV 0.25+0.02 0.96+0.08 0.17+0.02 0.28+0.05 | 0.00+0.00 2.59+0.06 0.24 0.27




Additional slides

p# and EMss scan for one or more cen

41 65.92+0.29 2474.93+7.43 | 345.02+1.04 | 26.89+ 2.5940.24 28+0.56 | 13.7440.15
B-veto 61.32+0.28 2358.82+7.33 | 330.25+1.02 | 4.45+0.25 | 2.38+0.23 | 1.94+0.41 | 12.96+0.15
Nejer > 1 32.68+0.19 776.71+6.15 | 121.91+0.81 | 3.46+0.10 | 0.56+0.20 | 1.30+0.23 | 5.74+0.10
pY > 0.00 & E™* > 0.00 GeV 32.68+0.19 776.7146.15 | 121.91+0.81 | 3.4640.10 | 0.56+0.20 | 1.30+0.23 | 5.744+0.10
[ p{">0.00 & ET™ >10.00 GeV 32.11+0.19 699.06+5.70 | 111.29+0.76 | 3.424+0.09 | 0.47+0.19 | 1.30+0.23 | 5.69+0.10
pi > 0.00 & E™* > 20.00 GeV 30.40+0.18 534.26+4.79 | 87.26+0.66 | 3.32+0.09 | 0.38+0.17 | 1.30+0.22 | 5.52+0.10
[p¥ > 0.00 & EJ™ > 30.00 GeV 27.59+0.16 364.50+-3.81 60.72+0.58 | 3.1140.09 | 0.30+0.15 | 1.30:£0.20 | 5.2740.09
pi > 0.00 & Ef™* > 40.00 GeV 24.23+0.14 225.64+2.81 38.50+0.41 2.97+0.09 | 0.16+0.12 | 1.22+0.18 | 4.94+0.09
pY > 0.00 & E™* > 50.00 GeV 20.57+0.11 130.91+1.98 [ 22.70+0.30 | 2.70+0.08 [ 0.0540.09 [ 0.99+0.18 | 4.54+0.09
~p¥ > 0.00 & EF™ > 60.00 GeV 17.11+0.09 73.40+1.43 12.71£0.21 2.49+0.08  0.01:+0.07 | 0.99+0.18 | 4.09+0.08
pr > 0.00 & E™* > 70.00 GeV 14.05+0.07 38.36+0.97 6.8940.15 2.1840.07 | 0.01+0.06 | 0.82+0.13 | 3.62+0.08
[ p{">0.00 & ET™ > 80.00 GeV 11.32+0.05 20.64+0.64 | 3.59+0.10 | 1.94+0.07 | 0.01+0.05 | 0.65+0.09 | 3.27+0.07
pi > 0.00 & E™* > 90.00 GeV 9.08+0.04 10.47+0.43 1.80+0.07 1.7340.06 [ 0.03+0.05 | 0.57+0.09 | 2.93+0.07
[ p¥ > 0.00 & EJ™ > 100.00 GeV 7.4040.03 5.4540.29 0.9240.05 1.46+0.05 | 0.0340.02 | 0.48+0.09 | 2.62+0.06
pi > 10.00 & E{™* > 0.00 GeV 32.17£0.19 756.97+5.52 | 120.08+0.75 | 3.48+0.10 | 0.56+0.19 | 1.30+£0.22 | 5.69+0.10
pT > 10.00 & E™ > 10.00 GeV/ 31.60+0.18 680.9145.17 | 109.59+0.71 | 3.4340.09 | 0.47+0.18 | 1.30+£0.22 | 5.6540.10
pi’ > 10.00 & E{™ > 20.00 GeV 29.91+0.17 519.30+4.35 | 85.85+0.61 3.33+0.09 | 0.38+0.16 | 1.30+0.22 | 5.48+0.10
pT > 10.00 & E{™ > 30.00 GeV 27.14+0.16 353.4243.48 | 59.68+0.50 | 3.1340.09 | 0.30+0.14 | 1.30+0.20 | 5.2340.09
P > 10.00 & E{™* > 40.00 GeV 23.83+0.14 218.62+2.57 | 37.84+0.39 | 2.98+0.09 | 0.16+0.11 | 1.22+0.18 | 4.91+0.09
Pt > 10.00 & E{"™ > 50.00 GeV 20.28+0.11 126.73+1.80 | 22.31+0.29 | 2.71+0.08 [ 0.05+0.09 [ 0.99+0.18 | 4.51+0.09
Pt > 10.00 & ET™ > 60.00 GeV 16.89+0.09 70.99+1.31 12.50+0.20 | 2.49+0.08 | 0.01+0.07 | 0.99+0.18 | 4.07+0.08
pi > 10.00 & E{™* > 70.00 GeV 13.89+0.07 37.21+0.89 6.78+0.14 2.19+0.07 | 0.01+0.06 | 0.82+0.13 | 3.61+0.07
pr > 10.00 & ET™ > 80.00 GeV/ 11.23+0.05 20.06-:0.59 3.5340.10 1.96+0.07 [ 0.0140.05 | 0.65+0.09 | 3.26+0.07
pi’ > 10.00 & E7™ > 90.00 GeV 9.04:0.04 10.21+0.39 1.77+0.07 1.74+0.06 | 0.03+0.05 | 0.57+0.09 | 2.92+0.07
p7 > 10.00 & E™ > 100.00 GeV 7.3640.03 5.3340.27 0.9140.05 1.47+0.05 [ 0.0340.02 | 0.48+0.09 | 2.62+0.06
[ P >20.00 & EF™ > 0.00 GeV 30.64:0.18 717.49+4.37 | 113.74+0.61 | 3.44:0.09 | 0.56+0.17 | 1.30+£0.22 | 5.56+0.10
[p¥>20.00 & EF™ > 10.00 GeV. 30.11+0.17 644.57+4.16 | 103.66+0.58 | 3.394+0.09 | 0.47+0.16 | 1.30+0.22 | 5.524+0.10
[ p7 > 20.00 & Ef™ > 20.00 GeV 28.46+0.17 490.9443.58 | 81.12+0.51 3.3040.09 | 0.38+0.15 | 1.30+0.22 | 5.364-0.09
[ ¥ >20.00 & Ef™ > 30.00 GeV. 25.83+0.15 333.224+2.90 | 56.28+0.42 | 3.10+0.09 | 0.30+0.13 | 1.30+0.20 | 5.12+0.09
[ p¥ > 20.00 & EJ™ > 40.00 GeV. 22.70+0.13 205.3742.14 | 35.67+0.33 | 2.9540.09 | 0.16:£0.10 | 1.22:+0.18 | 4.824-0.09
[ P >20.00 & Ef™ > 50.00 GeV 19.38+0.11 118.81+1.47 | 21.06+0.25 | 2.70+0.08 | 0.05+0.08 | 0.99+0.18 | 4.44+0.08
pT > 20.00 & E{™ > 60.00 GeV/ 16.22+0.08 66.49+1.07 11.7940.18 | 2.48+0.08 [ 0.01+0.05 [ 0.99+0.18 [ 4.02+0.08
[ P77 >20.00 & Ef™ > 70.00 GeV 13.41-0.06 35.08+0.73 6.41+0.13 2.20+0.07 | 0.01+0.04 | 0.82+0.13 | 3.57+0.07
[p¥>20.00 & Ey™ > 80.00 GeV. 10.93+0.05 18.87+0.48 3.334+0.09 1.97+0.07 [ 0.01+0.03 | 0.65+0.09 | 3.22+0.07
[ p7 > 20.00 & Ef™ > 90.00 GeV 8.8540.04 9.70+0.33 1.64+0.06 1.76+0.06 | 0.03+0.03 | 0.57+0.09 | 2.89+0.07
[p¥>20.00 & Ef™ > 100.00 GeV 7.254+0.03 5.21+0.22 0.85+0.04 1.48+0.05 | 0.03+0.02 | 0.48+0.09 | 2.60+0.06
[[p¥ > 30.00 & EF™ > 0.00 GeV. 28.32+0.16 660.794:2.95 | 102.60+0.47 | 3.3640.09 | 0.52:+0.14 | 1.21:£0.20 | 5.384:0.09
[ P77 >30.00 & Ef™ > 10.00 GeV 27.81+0.16 593.58+2.82 | 93.47+0.45 | 3.31+0.09 | 0.45+0.14 [ 1.21+0.20 [ 5.34:0.09
pT > 30.00 & E{™ > 20.00 GeV/ 26.26+0.15 451.8542.50 | 73.18+0.40 | 3.2240.09 | 0.38+0.13 | 1.21+0.20 | 5.1940.09
p;* > 30.00 & E™* > 30.00 GeV 23.81+0.14 306.11+2.02 | 50.74+0.34 | 3.02+0.09 | 0.30+0.12 | 1.21+0.18 | 4.96+0.09
pr > 30.00 & E{™ > 40.00 GeV 20.91+0.12 188.86+1.40 | 32.19+0.27 | 2.88+0.09 [ 0.16+0.09 [ 1.13+0.18 | 4.68+0.09
p;" > 30.00 & E™* > 50.00 GeV 109.05+£1.05 | 19.10+0.21 2.63+0.08 | 0.05+0.08 | 0.99+0.18 | 4.32+0.08




Additional slides

p# and EMss scan for one or more cen

41 65.92+0.29 2474.93+7.43 | 345.02+1.04 | 26.89+ 2.5940.24 28+0.56 | 13.7440.15 73
B-veto 61.32+0.28 2358.82+7.33 | 330.25+1.02 | 4.45+0.25 | 2.38+0.23 | 1.94+0.41 | 12.96+0.15 X 261
Nejer > 1 32.68+0.19 776.71+6.15 | 121.91+0.81 | 3.46+0.10 | 0.56+0.20 | 1.30+0.23 | 5.74+0.10 . 2.41
pT > 30.00 & E™ > 60.00 GeV/ 15.11+0.08 60.92+0.75 10.68+0.15 | 2.42+0.08 [ 0.01+0.05 [ 0.99+0.18 | 3.93+0.08 5 3.78
pi’ >30.00 & EP™* >70.00 GeV 12.62:£0.06 32.26+0.53 | 5.77+0.11 | 2.16+0.07 | 0.01+0.04 | 0.82+0.13 | 3.49+0.07 3 420
pi > 30.00 & E{"™* > 80.00 GeV 10.40+0.05 17.49+0.36 3.03+0.08 1.94+£0.07 [ 0.01+0.03 [ 0.65+0.09 | 3.16+£0.07 X 4.50
[ p¥ > 30.00 & Ef™ > 90.00 GeV. 8.5440.03 9.0440.24 1.51+0.05 1.73+0.06 | 0.0340.03 | 0.57+0.09 | 2.84+0.07 4.78
pi > 30.00 & E{™ > 100.00 GeV 7.05+0.03 4.81+0.17 0.79+0.04 1.45+0.05 [ 0.03+0.02 | 0.48+0.09 | 2.56+0.06 X 4.92
pY > 40.00 & ET™ > 0.00 GeV 25.48+0.13 582.02+1.84 | 88.65+0.36 | 3.2640.09 | 0.45+0.10 | 1.21+0.18 | 5.1040.09 217
p;’ > 40.00 & E™* > 10.00 GeV 25.02+0.13 524.47+1.74 | 80.88+0.34 | 3.22+0.09 | 0.38+0.10 [ 1.21+0.18 [ 5.07+0.09 X 2.24
pT > 40.00 & E{™ > 20.00 GeV 23.63+0.12 402.38+1.52 | 63.60+0.31 3.1240.09 | 0.33+0.10 | 1.21+0.18 | 4.934+0.09 3 2.40
pi’ > 40.00 & ET™ > 30.00 GeV 21.47+0.12 27284+1.24 | 4413027 | 2.9540.09 | 0.30+0.09 | 1.21+£0.16 | 4.72+0.09 X 264
pi > 40.00 & E{™* > 40.00 GeV 18.90+0.10 169.68+0.96 | 28.03+0.21 2.80+0.08 | 0.18+0.08 | 1.13+0.16 | 4.47+0.09 . 2.92
p{" > 40.00 & ET™ > 50.00 GeV 16.32+0.09 97.95+0.72 16.69+0.17 | 2.57+0.08 | 0.08+0.06 | 0.99+0.16 | 4.14+0.08 3.27
pi > 40.00 & E{™* > 60.00 GeV 13.88+0.07 54.73+0.54 9.37+0.12 2.37+0.08 | 0.03+0.04 | 0.99+0.16 | 3.78+0.08 X 3.65
pT > 40.00 & ET™ > 70.00 GeV 11.74+0.05 29.10+:0.39 5.0840.09 2.1140.07 | 0.03+0.04 | 0.82+0.13 | 3.3740.07 4.09
i’ > 40.00 & ET™ > 80.00 GeV 9.78+0.04 15.88+0.28 2.70+0.06 1.91+0.07 [ 0.03+0.02 | 0.65+0.09 | 3.07+0.07 X 4.41
pT > 40.00 & ET™ > 90.00 GeV/ 8.1640.03 8.334+0.19 1.38+0.04 1.69:+0.06 [ 0.0340.02 [ 0.57+0.09 | 2.77+0.06 x 4.7
pi’ > 40.00 & E™* > 100.00 GeV 6.85+0.02 4.46+0.13 0.74+0.03 1.43+0.05 | 0.03+0.00 [ 0.48+0.09 | 2.51:£0.06 . 4.89
Pt >50.00 & E{™* > 0.00 GeV 22.44+0.10 497.49+1.23 | 73.83+0.27 | 3.114+0.09 | 0.37+0.09 | 1.13+0.16 | 4.85+0.08 E 2.07
[ ¥ 50.00 & Ef™ > 10.00 GeV 22.01+0.09 449.69+1.18 | 67.65+0.26 | 3.0810.09 | 0.30+0.09 | 1.13+0.16 | 4.81-0.08 K 2.13
pi > 50.00 & E{™* > 20.00 GeV 20.86+0.09 346.71+1.01 53.45+0.24 | 3.00+0.08 | 0.25+0.09 | 1.13+0.16 | 4.70+0.08 X 229
pT > 50.00 & ET™ > 30.00 GeV/ 18.98+0.09 237.1740.82 | 37.25:0.20 | 2.8340.08 | 0.23+0.08 | 1.13+0.16 | 4.5140.08 2.50
[ P >50.00 & Ef™ > 40.00 GeV 16.82+0.08 148.50+0.66 | 23.83+0.17 | 2.71+0.08 | 0.14+0.07 | 1.05+0.16 | 4.28+0.08 X 278
pT>50.00 & E{™ > 50.00 GeV/ 14.67+0.07 86.52+0.51 14.3040.13 | 2.48+0.08 [ 0.08+0.05 [ 0.91+0.16 | 3.98+0.08 X 3.13
[ P >50.00 & Ef™ > 60.00 GeV 12.61:0.05 48.36+0.39 8.05+0.10 2.30+0.08 | 0.03+0.04 | 0.91+0.16 | 3.65+0.08 . 3.52
pi > 50.00 & E{"™ > 70.00 GeV 10.81+0.04 26.04+0.29 4.394+0.07 2.03+0.07 | 0.03+0.04 | 0.74+0.13 | 3.274+0.07 X 3.97
[ p¥">50.00 & Ef™ > 80.00 GeV 9.1310.03 1432021 23310.05 | 1.8410.06 | 0.03+0.02 | 0.57:£0.09 | 2.98+0.07 X 432
pi > 50.00 & E{™* > 90.00 GeV 7.724+0.03 7.61+0.14 1.24+0.04 1.63+0.06 | 0.03+0.02 | 0.57+0.09 | 2.70+0.06 . 4.62
[ p¥ > 50.00 & Ef™ > 100.00 GeV. 6.564:0.02 4.2040.10 0.6740.02 1.37+0.05 | 0.0340.00 | 0.48+0.09 | 2.46+0.06 4.80
[ p7 > 60.00 & EF™ > 0.00 GeV 19.33+0.07 422.91+0.90 | 60.23+0.21 2.93+0.08 | 0.31+0.07 | 1.04+0.15 | 4.59+0.08 B 1.93
pT > 60.00 & E™ > 10.00 GeV/ 18.98+0.07 383.804+0.86 | 55.48+0.20 | 2.9040.08 | 0.28+0.07 | 1.04+0.15 | 4.5640.08 E 1.99
[ P> 60.00 & Ef™ > 20.00 GeV 18.060.07 298.23+0.74 | 44.24+0.18 | 2.83+0.08 | 0.23+0.07 | 1.04+0.15 | 4.46+0.08 E 214
pr > 60.00 & E{™ > 30.00 GeV/ 16.55+0.06 205.70+0.59 | 31.03+0.16 | 2.674+0.08 | 0.21+0.06 | 1.04+0.15 | 4.29+0.08 X 235
[ p7 > 60.00 & Ef™ > 40.00 GeV. 14.80+0.06 129.99+0.48 | 20.04+0.13 | 2.54+0.08 | 0.14+0.06 | 0.96+0.15 | 4.08+0.08 3 2.62
pi > 60.00 & E{™* > 50.00 GeV 13.06+0.05 76.97+0.37 12.06+0.10 | 2.32+0.08 | 0.08+0.04 | 0.82+0.15 | 3.81+0.08 .. 2.96
[ p7 > 60.00 & Ef™ > 60.00 GeV. 11.36+0.04 43.64+0.29 6.804:0.08 2.164:0.08 | 0.03+0.04 | 0.82+0.15 | 3.5140.07 3.34
[ P> 60.00 & Ef™ > 70.00 GeV 9.92+0.03 24.060.21 3.76+0.06 1.90+0.07 [ 0.03+0.04 | 0.65+0.12 | 3.15+0.07 X 3.80
pT > 60.00 & E{™ > 80.00 GeV/ 8.4940.03 12.9940.15 1.99+0.04 1.70+0.06 | 0.0340.02 | 0.57+0.09 | 2.88+0.07 . 4.20
[ P> 60.00 & EF™ > 90.00 GeV 7.27+0.02 6.96+0.12 1.05+0.03 1.561+0.06 | 0.03+0.02 | 0.57+0.09 | 2.61+0.06 4.53
pr > 60.00 & E™ > 100.00 GeV 6.2440.02 3.914+0.08 0.59+0.02 1.2840.05 [ 0.03+0.00 [ 0.48+0.09 [ 2.39+0.06 4.70




Additional slides

p3 and EMss scan for zero jet

41 65.92+0.29 2474.93+7.43 | 345.02+1.04 | 26.89+ 2.5940.24 28+0.56 | 13.7440.15
B-veto 61.32+0.28 2358.82+7.33 | 330.25+1.02 | 4.45+0.25 | 2.38+0.23 | 1.94+0.41 | 12.96+0.15 2.48 261
et =0 22.44+0.17 1434.33+5.84 | 176.34+0.75 | 0.65+0.08 | 1.52+0.19 | 0.61+0.23 | 6.47+0.09 1.20 1.24
pr > 0.00 & E™ > 0.00 GeV 22.44+0.17 1434.3345.84 | 176.34+0.75 | 0.65+0.08 [ 1.52+0.19 [ 0.61+0.23 | 6.47+0.09 1.20 1.24
[ p{">0.00 & ET™ >10.00 GeV 21.73+0.16 1204.91+5.39 | 155.38+0.70 | 0.65+0.08 | 1.37+0.17 | 0.61+0.23 | 6.364:0.09 1.26 1.30
pi > 0.00 & E7™* > 20.00 GeV 19.51+0.16 847.15+4.55 | 114.02+0.60 | 0.65+0.08 | 1.05+0.15 | 0.53+0.21 | 6.08+0.09 1.33 1.39
[ p¥ > 0.00 & EJ™ > 30.00 GeV 16.02+0.14 522.4543.58 | 73.28+0.48 | 0.6440.08 | 0.75+0.13 | 0.44:£0.20 | 5.6840.09 1.36 1.45
pi > 0.00 & Ef™* > 40.00 GeV 11.48+0.12 295.20+2.62 | 42.67+0.37 | 0.54+0.07 | 0.46+0.10 | 0.36+0.18 | 5.23+0.08 1.27 1.37
pY > 0.00 & E™* > 50.00 GeV 7.2140.09 154.78+1.81 22.52+0.27 | 0.4840.07 | 0.23+0.07 | 0.36+0.18 | 4.7140.08 1.08 1.18
[ P77 >0.00 & E™ > 60.00 GeV 4.15+0.07 77.93+1.28 11.26+0.19 | 0.42+0.07 [ 0.12+0.05 [ 0.36+0.18 | 4.18+0.08 0.86 0.95
pr > 0.00 & E™* > 70.00 GeV 2.2140.05 36.36+0.85 5.3340.13 0.34+0.06 | 0.07+0.04 | 0.17+0.12 [ 3.64+0.07 0.65 0.73
[ p7 > 0.00 & EF™ > 80.00 GeV 1.10+0.04 16.33+0.56 2.55+0.09 0.30+0.06 | 0.05+0.03 | 0.09+0.09 | 3.1740.07 0.46 0.52
pi > 0.00 & E™* > 90.00 GeV 0.58+0.03 7.61+0.37 1.19+0.06 0.27+0.05 | 0.05+0.03 | 0.09+0.09 | 2.74+0.06 0.33 0.37
[ p¥ > 0.00 & EJ™ > 100.00 GeV 0.2740.02 3.5740.25 0.5540.04 0.204-0.05 | 0.00+£0.00 | 0.09+0.09 | 2.3440.06 0.21 0.23
pi > 10.00 & E{™* > 0.00 GeV 21.67£0.16 923.94+5.20 | 146.79+0.68 | 0.66+0.08 | 1.26+0.17 | 0.53+0.21 | 6.36+0.09 1.40 1.46
pT > 10.00 & ET™ > 10.00 GeV/ 21.05+0.16 814.4044.86 | 132.27+0.65 | 0.6640.08 | 1.15+0.16 | 0.53+0.21 | 6.2840.09 1.44 1.51
pi’ > 10.00 & E{™ > 20.00 GeV 19.04-0.15 574.75+4.11 97.82+0.55 | 0.65+0.08 | 0.89+0.14 | 0.53+0.21 | 6.02+0.09 1.52 1.62
pT > 10.00 & E{™ > 30.00 GeV 15.71+0.14 365.0143.27 | 63.76+0.45 | 0.6540.08 | 0.62+0.12 | 0.44+0.20 | 5.6540.09 1.54 1.67
P > 10.00 & E{™* > 40.00 GeV 11.27:0.12 210.28+2.39 | 37.65+0.34 | 0.55+0.07 | 0.39+0.09 | 0.36+0.18 | 5.21+0.08 1.42 157
Pt > 10.00 & E{™ > 50.00 GeV 7.094+0.09 111.80+1.64 | 20.05+0.25 | 0.48+0.07 [ 0.21+0.07 [ 0.36+0.18 | 4.69+0.08 1.20 1.34
pi">10.00 & ET™ > 60.00 GeV 4.0810.07 57.28+1.17 | 10.12+0.18 | 0.42+0.07 | 0.1240.05 | 0.36+0.18 | 4.17:0.08 0.94 1.06
pi > 10.00 & E{™* > 70.00 GeV 2.18+0.05 27.58+0.78 4.82+0.12 0.34+0.06 | 0.07+0.04 | 0.17+0.12 | 3.64+0.07 0.70 0.80
pT > 10.00 & ET™ > 80.00 GeV/ 1.08+0.04 12.43+0.51 2.3340.08 0.3040.06 | 0.05+0.03 | 0.09+0.09 | 3.1740.07 0.49 0.56
pi’ > 10.00 & E7™ > 90.00 GeV 0.57+0.03 5.80+0.33 1.08£0.06 0.27+0.05 | 0.05+0.03 | 0.09+0.09 | 2.74+0.06 0.35 0.40
pT > 10.00 & E™ > 100.00 GeV 0.2740.02 2.8040.23 0.4940.04 0.2040.05 | 0.00+0.00 | 0.09+0.09 | 2.3440.06 0.22 0.25
[ P77 >20.00 & EF™ > 0.00 GeV 19.42:0.16 462.06+4.02 | 90.05:+0.53 | 0.65+0.08 | 0.92+0.14 | 0.53+£0.21 | 6.06+0.09 1.68 1.82
[p¥>20.00 & EF™ > 10.00 GeV. 18.95+0.15 419.23+3.84 | 83.09+0.51 0.65+0.08 | 0.86+0.14 | 0.53+0.21 | 6.00+0.09 1.71 1.86
[ i 20.00 & Ef™ > 20.00 GeV 17.414£0.15 316.75+43.35 | 65.02+0.45 | 0.6410.08 | 0.77+0.13 | 0.53+£0.21 | 5.83+0.09 177 1.96
[ ¥ >20.00 & EF™ > 30.00 GeV 14.61+0.13 207.08+2.71 43.62+0.37 | 0.63+0.08 | 0.53+0.11 | 0.44+0.20 | 5.53+0.09 1.79 2.02
[ p7 > 20.00 & Ef™ > 40.00 GeV. 10.57+0.11 124.27+1.99 | 26.80+0.29 | 0.53+0.07 | 0.3040.08 | 0.36+0.18 | 5.13+0.08 1.62 1.87
[ p7>20.00 & Ef™ > 50.00 GeV 6.70+0.09 68.25+1.33 14.71£0.21 0.47+0.07 | 0.17+0.06 | 0.36+0.18 | 4.65+0.08 1.35 1.58
P >20.00 & EF™* > 60.00 GeV 3.87+0.07 35.87+0.95 7.6040.15 0.4140.07 | 0.08+0.04 | 0.36+0.18 | 4.1640.07 1.05 1.23
[ P77 >20.00 & Ef™ > 70.00 GeV 2.06+0.05 18.03+0.63 3.66+0.11 0.33+0.06 | 0.03+0.02 | 0.17+0.12 | 3.63+0.07 0.76 0.90
[p¥>20.00 & Ey™ > 80.00 GeV. 1.03+0.04 8.54+0.41 1.82+0.08 0.29+0.06 | 0.03+0.02 | 0.09+0.09 | 3.174+0.07 0.53 0.61
[ P >20.00 & Ef™ > 90.00 GeV 0.54+0.03 3.94+0.27 0.87+0.05 0.26+0.05 | 0.03+0.02 | 0.09+0.09 | 2.7440.06 0.37 0.43
[p¥>20.00 & Ef™ > 100.00 GeV. 0.25+0.02 2.07+0.18 0.39+0.03 0.19+0.04 | 0.00+0.00 | 0.09+0.09 | 2.34+0.06 0.22 0.25
[ p¥ >30.00 & EF™ > 0.00 GeV. 15.35:0.14 228.2342.62 | 47.47+0.39 | 0.6140.08 | 0.64:£0.12 | 0.45+0.20 | 5.614:0.09 1.80 2.03
[ P77 >30.00 & Ef™ > 10.00 GeV 15.07+0.14 209.57+2.52 | 44.52+0.37 | 0.61+0.08 | 0.60+0.11 [ 0.45+0.20 [ 5.57+0.09 1.83 2.07
P > 30.00 & EF™* > 20.00 GeV 14.08+0.13 165.1542.26 | 36.86+0.34 | 0.61+0.08 [ 0.5840.11 [ 0.4540.20 | 5.47+0.09 1.87 2.16
~p¥¥ > 30.00 & EF™ > 30.00 GeV. 12.25+0.12 114.20+1.82  26.27+0.29 | 0.61+0.08 0.41+0.09 | 0.36+0.18 | 5.27+0.08 1.89 2.24
[[p{">30.00 & E{™: > 40.00 GeV 9.1140.11 70.12+1.24 | 16.77+0.23 | 0.524+0.07 | 0.2540.07 | 0.36+0.18 | 4.96+£0.08 | 1.72 2.10




Additional slides

p3 and EMss scan for zero jet

Z + jets

41 2474.93+7.43 | 345.02+1.04 | 26.89+ 2.5940.24 13.7440.15
B-veto 61.32+0.28 2358.82+7.33 | 330.25+1.02 | 4.45+0.25 | 2.38+0.23 | 1.94+0.41 | 12.96+0.15 261
et =0 22.44+0.17 1434.33+5.84 | 176.34+0.75 | 0.65+0.08 | 1.52+0.19 6.47+0.09 1.24
pr > 30.00 & E™ > 50.00 GeV 5.8240.08 39.86+0.92 9.734+0.17 0.4540.07 | 0.17+0.06 4.5410.08 1.74
pi’ >30.00 & ET™* > 60.00 GeV 3.40+0.06 21.64+0.65 | 519+0.13 | 0.41+0.07 | 0.07+0.04 4.09+0.07 134
pi > 30.00 & E{™* > 70.00 GeV 1.83+0.05 11.3240.45 2.55+0.09 0.33+0.06 | 0.03+0.02 3.60+0.07 0.96
[ p¥ > 30.00 & EJ™ > 80.00 GeV. 0.9340.03 5.6340.29 1.32+0.06 0.294-0.06 | 0.03+0.02 3.1540.07 0.64
pi > 30.00 & E{™* > 90.00 GeV 0.48+0.02 2.724+0.19 0.66+0.05 0.26+0.05 | 0.03+0.02 2.73+0.06 0.42
pT > 30.00 & E™ > 100.00 GeV 0.2240.02 1.34+0.13 0.2940.03 0.1940.04 | 0.00+0.00 2.3440.06 0.24
pi’ > 40.00 & ET™* > 0.00 GeV 9.53+0.11 103.93+1.43 | 23.19+0.27 | 0.59+0.08 | 0.36+0.09 5.05+0.08 1.83
pT > 40.00 & E™ > 10.00 GeV/ 9.4140.11 97.12+1.39 22.01+0.26 | 0.59+0.07 | 0.36+0.09 5.03+0.08 1.86
pi’ > 40.00 & ET™ > 20.00 GeV 8.89+0.11 7873+1.25 | 18.78+0.24 | 0.59+0.07 | 0.36+0.09 4.9810.08 1.94
pi > 40.00 & E{™* > 30.00 GeV 7.9440.10 57.66+1.03 14.22+0.21 0.58+0.07 | 0.29+0.08 4.86+0.08 2.00
pf’ > 40.00 & ET™S > 40.00 GeV| 6.3340.09 36.93+0.79 9.6340.17 0.50+0.07 | 0.20+0.07 4.7040.08 1.94
pi > 40.00 & E{™* > 50.00 GeV 4.154+0.07 21.51+0.59 5.86+0.14 0.44+0.07 | 0.12+0.05 4.36+0.08 1.61
pT > 40.00 & ET™ > 60.00 GeV/ 2.4740.06 12.41:0.44 3.2440.10 0.3940.07 | 0.05+0.03 3.9940.07 1.21
pi’ > 40.00 & E{™ > 70.00 GeV 1.40£0.04 6.98+0.31 1.63+0.07 0.32+0.06 | 0.03+0.02 3.54+0.07 0.87
pT > 40.00 & ET™ > 80.00 GeV 0.7140.03 3.7240.21 0.8340.05 0.2840.06 | 0.03+0.02 3.121+0.06 0.55
pi’ > 40.00 & E{™* > 90.00 GeV 0.36+0.02 2.16+0.15 0.44+-0.04 0.25+0.05 | 0.03+0.02 2.72+0.06 0.33
pi > 40.00 & E{™* > 100.00 GeV 0.16+0.01 1.15+0.11 0.224+0.03 0.18+0.04 | 0.00+0.00 2.33+0.06 0.17
[ p¥">50.00 & Ef™ > 0.00 GeV 4.1810.07 48.07+0.82 | 10.81+0.18 | 0521+0.07 | 0.25+0.08 4.561:0.08 116
pi > 50.00 & E{™* > 10.00 GeV 4.12+0.07 45.54+0.79 10.33+0.18 | 0.51+0.07 [ 0.25+0.08 4.55+0.08 1.17
pT > 50.00 & ET™ > 20.00 GeV/ 3.9240.07 38.48+0.72 9.0540.17 0.5140.07 | 0.25+0.08 4.5310.08 1.19
[ P >50.00 & EF™ > 30.00 GeV 3.54:0.07 29.31+0.62 7.05+0.15 0.49+0.07 | 0.20+£0.07 4.46+0.08 1.22
pT > 50.00 & E{™ > 40.00 GeV/ 2.9340.06 19.59+0.50 5.0640.13 0.4240.07 | 0.16+0.06 4.3640.08 1.19
[ P >50.00 & Ef™ > 50.00 GeV 2.11+0.05 12.52+0.39 3.23+0.10 0.38+0.06 | 0.09:+0.05 4.14:0.07 1.03
pi > 50.00 & E{"™* > 60.00 GeV 1.29+0.04 7.4240.29 1.92+0.08 0.35+0.06 | 0.05+0.03 3.854+0.07 0.77
[ p7 > 50.00 & Ef™ > 70.00 GeV. 0.7340.03 4.4940.21 1.02+0.06 0.30+0.06 | 0.03+0.02 3.4740.07 0.53
pi > 50.00 & E{™* > 80.00 GeV 0.38+0.02 2.49+0.14 0.52+0.04 0.27+0.05 | 0.03+0.02 3.07+0.06 0.33
[ p7 >50.00 & Ef™ > 90.00 GeV. 0.204:0.02 1.57+0.11 0.284:0.03 0.2440.05 | 0.03+0.02 2.704:0.06 0.20
[ p¥>50.00 & EF™ > 100.00 GeV. 0.09+0.01 0.87+0.08 0.14+0.02 0.17+0.04 | 0.00-£0.00 2.32+0.06 0.10
pr > 60.00 & E™ > 0.00 GeV 1.55+0.04 23.90+0.53 4.9640.12 0.46+0.07 | 0.13+0.05 4.0240.07 0.59
[ p7 > 60.00 & Ef™ > 10.00 GeV 1.562+0.04 22.61+0.51 4.81+0.12 0.46+0.07 | 0.13+0.05 4.01+0.07 0.59
pr > 60.00 & E{™ > 20.00 GeV 1.46+0.04 19.1440.47 4.3040.12 0.45+0.07 | 0.13+0.05 4.00+0.07 0.61
[ p7 > 60.00 & Ef™ > 30.00 GeV 1.33+0.04 15.06+0.40 3.47+0.10 0.45+0.07 | 0.13+0.05 3.97+0.07 0.61
pi > 60.00 & E{™* > 40.00 GeV 1.13+0.04 10.70+0.33 2.59+0.09 0.39+0.06 | 0.11+0.05 3.91+0.07 0.59
[ p7 > 60.00 & EJ™ > 50.00 GeV 0.864:0.03 7.0240.26 1.76+0.07 0.36+-0.06 | 0.05+0.03 3.7840.07 0.53
[ p7 > 60.00 & Ef™ > 60.00 GeV 0.56+0.03 4.36+0.21 1.10£0.06 0.35+0.06 | 0.03+0.02 3.60+0.07 0.40
pT > 60.00 & E{™ > 70.00 GeV/ 0.3340.02 2.8440.15 0.66+0.05 0.2940.06 | 0.03+0.02 3.3040.07 0.27
[ P> 60.00 & EF™ > 80.00 GeV 0.1740.01 1.75+0.11 0.37+0.03 0.27+0.05 | 0.03+0.02 2.97+0.06 0.16
pr > 60.00 & E{™ > 90.00 GeV 0.09+0.01 1.18+0.09 0.214+0.03 0.23+0.05 | 0.03+0.02 2.6440.06 0.09
[ p¥ > 60.00 & EF™ > 100.00 GeV. 0.73+0.07 0.11+0.02 0.17+0.04 | 0.00+0.00 2.30+0.06 06
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