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VV at the LHC

ad VvV (V=2Z,W) is a major contributor to NL+MET
and a background for a number of searches
ranging from Higgs searches to SUSY and
models beyond the SM
d Attractive NL+MET signatures with first data

WW gives a large rate of 2L+MET

= With a jet veto it becomes the leading
background for H->WW searches

O ZW gives 3L+MET

= With a jet veto it becomes the leading
background to gaugino production

1 ZZ is the leading 4L production mechanism
= Gives MET when T present or instrumental MET



Normalizing VV with Z2(")

1 Strong similarities of diagrams since
dominant cross-section comes from qq->V(V)
via EW couplings

1 Ratios VV/V expected to reduce pdf and a
significant portion of the scale uncertainty

U This is an asset especially at the very

beginning of data taking when global pdf fits
will not be available

Experimental
Prediction Theory efficiencies Observed

N(VV) = <Z((£§ — ZV(V))))Th ~€(ll = N1) - Nops(Z®)

Abdullin et al. in hep-ph/0604120 computed the ratio ZZ/Z to NLO



Ratio ZZ(WW)/Z(")

1 The production of ZZ and WW is enhanced by
large contributions from gg->VV with gluons
in the initial state

1 Formally a part of the NNLO contribution, but
enhanced due to the large gluon flux

WZ/y*/W+ ZIVI\W*
Coxeery >
NLO | zysw+ T LO at O/ _ _
oo00— Z W Including decays into leptons




Tools

Q For qg->Z() and qq->ZZ use MCFM v5.3 with
bug fixes provided by John Campbell
dTwo independent analyses with independent
MC samples. Cross-checks with Pythia
* Foreseeing additional check with Sherpa

4 For gg->ZZ,.WW use gg2Z2Z, gg2WW. The
numbers of the nominal cross-sections and
the scale error uncertainties made by Nikolas
Kauer

d Evaluating with Pavel Nadolski (Resbos) and

the K factor for gg->\gamma\gamma for
M_{gg}~M_ZZ

 Studies with PYTHIA, ALPGEN and MC@NLO



Event selection & Settings

1 The analysis is done at the “parton level”.
The theoretical errors are decoupled from the
experimental errors

d These studies are only for M_,>2M,

d Fur (two) leptons with P,>20 GeV, |n|<2.5

U Requirement of 71<M,<111 GeV on lepton pairs
UMET>20 GeV

JAR,>0.2 and AR>0.7

 EW settings as default in MCFM taken by
gg2ZZ, gg2WW

1 Set scales to M,, for both single and double V
production



Nominal Values of ZZ/Z*

d Ratios are constructed such that the invariant mass
of Z* and ZZ are in the same bin
1 Contribution from gg->ZZ increases sigma by ~13%
] Ratio depends weakly with Mass (nice surprise!)
* Need to understand better behavior at very large masses

Mass Range af%L_?Z* o(%l‘_?zz GngO_)ZZ oL X 10°

. 200-250 | 17737 | 799 | 1.182 5.17

= 250-300 | 7532 | 3.65 | 0.530 5.54

0 300-350 | 3724 | 186 | 0.246 5.66

2 350-400 | 2057 | 107 | 0.131 5.83

0 400-450 | 121.0 | 0.64 | 0.082 5.94

g 450-500 | 76.0 040 | 0.055 6.01

S 500-750 | 1439 | 074 | 0.114 5.92
750 - 1000 | 27.4 0.16 | 0.033 6.88




Scale Errors of ZZ/Z*

4 Treat qq->ZZ and gg->ZZ independently

0 Get maximum deviation by changing renormalization and
factorization scales in opposite directions

NLO NLO LO ozz 3
Mass Range 0qc7—>Z" quqzz Ugg—»ZZ op X 10

200 - 250 18588 | 4.8 | 834 | 43 192 | 620 || 5 .§2 6.6
1586.8 | -10.5 || 7.14 | -10.6 || 0.75 | -364 || 498 | -3.8
250 - 300 7920 | 52 || 38 | 59 || 083 | 573 || 593 | 69
6838 | 9.2 || 332 | 90 |/ 035 |-339 (| 536 | -3.3
300 - 350 3905 | 49 194 | 42 | 038 | 536 (| 594 | 49
340.7 | -85 || 1.70 | -85 | 0.17 | -31.5 || 550 | -2.9
350 - 400 21477 | 44 1.10 | 33 |/ 020 | 493 || 6.05 | 3.8
1953 | -5.0 || 096 | -10.0 || 0.09 | -29.8 || 540 | -7.5
400 - 450 1258 | 40 || 067 | 58 | 0.12 | 460 || 631 | 6.2
1148 | -5.1 || 0.60 | -64 | 0.06 | -28.5 || 5.70 | 4.1
450 - 500 79.5 45 ||043 | 65 |[008 | 443 || 638 | 6.3
724 48 || 038 | -60 || 0.04 | -26.7 || 5.78 | -3.8
500 - 750 1476 | 26 || 078 | 59 | 0.16 | 409 || 639 | 7.8
1404 | 25 || 070 | -4.8 | 0.09 | -22.0 || 5.64 | -4.7
750 - 1000 28.1 26 (016 | 20 |([0.04 | 30.1 || 7.17 | 4.2
28.2 29 (|0.15] 49 (|003 |-178 || 621 | 9.8

Change scale by *4, /4
Cross-sections in fb




Scale Errors of ZZ/Z*

O Multiply the contribution of gg->ZZ by a factor
of 2 (potential QCD NLO K factor) but keep
the relative errors at the LO level

Mass Range Oy OS2z 0o 72 il
200 - 250 1858.8 | 4.8 834 | 43 383 | 620 | 6.55 | 12.1
1586.8 | -10.5 || 7.14 | -10.6 || 1.50 | -364 || 545 | -6.7
250 - 300 7920 52 || 386 | 59 1.67 | 573 || 698 | 11.7
6838 | 9.2 (|332 | -90 | 0.70 | -339 || 588 | -60
300 - 350 390.5 4.9 194 | 42 | 0.76 | 536 || 691 | 9.2
3407 | -85 (170 | -85 |/ 034 | -315| 599 | 53
350 - 400 214.7 R 1.10 | 33 |/ 039 | 493 || 697 | 7.7
1953 | -50 (| 096 | -10.0 || 0.18 | -29.8 | 5.87 | 9.3
400 - 450 1258 40 || 067 | 58 | 024 | 460 | 726 | 9.7
1148 | -5.1 || 060 | -64 | 0.12 | -285 | 622 | -6.2
450 - 500 79.5 4.5 043 | 65 || 0.16 | 443 || 737 | 9.7
724 -48 |/038 | -60 | 008 | -26.7 || 633 | -5.9
500 - 750 147.6 26 (|078 | 59 | 032]| 409 | 747 | 113
1404 | -25 ||070 | -48 | 0.18 | -22.0 | 6.27 | -6.5
750 - 1000 28.1 26 ||0.16 | 20 | 008 | 30.1 | 8.68 | 7.5

28.2 29 1015 | 49 | 005 |-17.8 || 7.16 | -11.3

Cross-sections in fb




/s Dependence

d The Ratio ZZ/Z" seems to be flat as a function
of \sqrt{s} and different mass ranges

1 The ratio ZZ/Z is less flat

V/§(/200 — 250(250 — 300 300 — 500 (500 — 1000

14 0.17 0.04 0.79 6.08
10 4.98 0.33 0.48 0.61
8 4.92 5.24 0.34 0.03

Flatness of ratio indicates reduction of pdf uncertainties



Ratio WW/Z(")

] Scale-related uncertainties arise from
changing scales by factors of 4 (*4,/4)

1 Pick biggest deviation of changing at the same

time and in opposite directions

M,.>185 GeV
NLO NLO NLO [L.O Owu 3 Owuy
Oug—2Z | Ogg—zt || Caqgoww | Cgeoww || —5, -10° T,
Nom. | 785.3 2256 636.0 31.04 0.85 0.296
Max. 6.7 4.6 11.5 62.1 16.1 9.4
Min. -15.7 -9.9 -13.4 -36.0 -8.6 -5.3
Same as above after multiplying o(gg->WW) by two
o (,\,—,[ | o }‘,\('—,l'(,}w o ,",\,I—,l'(,)u-’ W 0’1:) WW G(‘;; 10 ((T;'Tu
Nom. | 785.3 | 2256.4 636.0 62.08 0.89 0.309
Max. 6.2 4.6 11.5 62.1 19.2 12.0
Min. 157 -9.9 -13.4 -36.0 -10.6 -6.7




Ratio ZW/Z(")

] Ratio evaluated to NLO

Jd For ZW require P, or leading lepton to be >20 and
the two sub-leading, >10 GeV

d\sqrt{s} dependence of ratios evaluated

NLO
n o) GG— ZW  Mz>195GeV
- gNLO sNLO | NLO |lozw 13| ozw
qq—Z*)  |94q—2*|%qq—2ZW || oz 0 z*

Nominal | 1898.4 | 92.5 0.118 [0.0487

Maximum/| 4.6 12.9 16.0 7.9

Minimum | -9.2 -12.0 -11.3 -0.9




Jet Veto Survival Prob.

4 In order to suppress top backgrounds a full

(InI<5) jet veto is usually applied

U Define ¢(P;) as a fraction of the events that
survive a cut on events with a jet of above a
certain P, threshold in (|n|<5)

] Here we address the possibility of predicting
the jet veto survival probability of WW and ZW
from Z* (Also made studies for ZZ and Z)

1 Results cross-checked with Pythia, MC@NLO
and ALPGEN

(1 We also evaluate the impact of multiple gluon
radiation with Pythia6.2.

d More detailed studies required in this area



/3

14 TeV

/o=

10 TeV

pr|GeV] || e(z*) | 8e(Z') || e(WW) | de(WW) || S 6‘;}‘2“1'
20 067 | 85 0.52 119 078 | 5.1
-132 -15.2 32
25 072 | 64 0.58 96 0.81 40
99 -11.8 29
30 076 | 5.1 063 83 082 | 36
7.8 -9.1 -2.1
35 079 | 4. 0.67 74 084 | 33
-6.3 73 -2.1
40 082 | 35 0.70 6.6 085 | 30
5.3 -5.9 -19
45 084 | 32 072 6.0 086 | 2.8
-4.4 54 -1.8
50 086 | 29 075 55 087 | 26
38 -5.0 -1.8
55 087 | 26 077 5.1 088 | 25
33 -4.7 -1.7
60 088 | 24 0.79 47 089 | 23
29 -43 -16
65 089 | 2.1 0.80 43 090 | 21
26 -4.0 -14
70 090 | 19 081 4.1 090 | 21
2.4 37 -13
75 091 | 18 083 37 091 1.9
oD -33 -1.1
80 092 | 16 0.84 34 091 1.7
20 32 -1.1
85 093 | 15 085 31 092 1.6
-19 -3.1 12
90 093 | 14 0.86 30 0.92 15
-1.8 29 -1.1
95 094 | 13 087 27 093 14
-1.7 2.7 -1.1
100 094 | 12 0.88 26 093 13
-1.6 26 -1.1

pr[Gev] (| €(Z°) | 8e(2°) || e(WW) | de(WW) || S’ | 657
20 0.69 8.6 0.58 109 083 | 2.1
72 -135 78
25 075 | 68 0.63 92 085 | 22
-5.5 -10.9 -6.3
30 078 | 56 0.68 80 086 | 22
-43 9.8 -5.8
35 081 | 48 071 7.1 087 | 21
37 9.0 -5.4
40 084 | 41 0.74 62 088 | 20
33 -8.1 -49
a5 086 | 36 0.76 54 089 | 17
30 13 -4.4
50 087 | 32 0.79 438 090 | 16
2.7 -6.8 -42
55 089 | 29 0.80 4.4 091 | 15
24 -6.3 -4.0
60 090 | 26 0.82 40 091 | 14
23 -6.0 -38
65 091 | 23 0.83 38 092 | 14
-2.1 -5.5 -34
70 092 | 21 0.85 34 093 | 12
-19 -5.4 -35
75 092 | 20 0.86 32 093 | 12
18 -5.1 -34
80 093 | 18 0.87 29 094 | 11
-1.7 -4.8 32
85 094 | 17 0.88 28 094 | 1.1
-16 -4.5 29
90 094 | 15 0.89 26 094 | 10
-15 -42 28
95 095 | 14 0.90 24 095 | 09
-13 -4.0 27
100 095 | 13 0.90 22 095 | 09
-13 -39 27




NE

14 TeV

N

10 TeV

pr [GeV] || e(z) | 8ez*) || e(zw) | se(zw) | 252 | 6927 pr [GeV] || e(z') | 8e(z°) || e(zw) | de(zw) || <20 | 652%)
20 0.67 8.5 0.48 132 0.71 6.3 20 0.69 8.6 0.52 162 0.75 70
-132 -153 -7.3 -7.2 -139 -84
25 0.72 6.4 0.53 11.1 0.73 55 25 0.75 6.8 0.58 132 0.77 59
9.9 -12.2 -6.4 -5.5 -12.1 -1.5
30 0.76 5.1 0.57 9.7 0.75 50 30 0.78 5.6 0.62 11.7 0.79 57
-7.8 -10.8 -59 -4.3 -10.5 -6.5
35 0.79 4.1 0.61 8.7 0.76 4.6 35 0.81 48 0.65 10.1 0.80 5.1
-6.3 99 -5.5 -3.7 94 -59
40 0.82 35 0.64 77 0.78 40 40 0.84 4.1 0.68 89 081 4.5
-53 92 -53 -33 -89 -5.7
45 0.84 32 0.66 7.1 0.79 38 45 0.86 36 0.70 8.1 0.82 44
-4.4 -85 -50 -3.0 -82 -54
50 0.86 29 0.68 6.5 0.80 35 50 0.87 32 0.72 7.5 0.83 4.1
-3.8 -7.8 -4.7 2.7 -76 -50
55 0.87 26 0.70 6.1 0.81 34 55 0.89 29 0.74 6.9 0.84 38
-33 -75 -4.6 24 -7.1 -4.8
60 0.88 24 0.72 5.6 0.82 32 60 0.90 2.6 0.76 6.3 0.85 36
-2.9 -70 -4.4 23 -6.7 -4.5
65 0.89 2.1 0.74 54 0.83 32 65 0.91 23 0.78 59 0.86 35
-2.6 -6.6 -4.1 2.1 6.3 -42
70 0.90 1.9 0.75 50 0.83 30 70 0.92 2.1 0.79 55 0.86 33
24 63 -40 -1.9 -59 -4.0
75 0.91 1.8 0.77 47 0.84 29 75 0.92 20 0.80 52 0.87 3.1
2.2 -6.1 -4.0 -1.8 -55 -3.8
R0 0.92 1.6 0.78 4.4 0.85 27 80 0.93 1.8 0.82 48 0.88 30
2.0 -5.8 -3.8 -1.7 -5.2 -3.6
85 0.93 1.5 0.79 42 0.86 26 85 0.94 1.7 0.83 45 0.88 28
-1.9 -5.6 -3.7 -1.6 -50 -35
90 0.93 1.4 0.80 4.0 0.86 25 90 0.94 1.5 0.84 42 0.89 26
-1.8 -52 -35 -1.5 -4.8 -34
95 0.94 13 0.81 38 0.87 24 95 0.95 14 0.85 40 0.89 25
-1.7 -49 -3.2 -1.3 -4.5 -32
100 0.94 1.2 0.82 3.6 087 23 100 0.95 1.3 0.86 38 0.90 24
-1.6 -4.6 -3.0 -1.3 -42 -30




Outlook and Conclusions

d The use of Z(°) events is a powerful sample to
normalize VV production

[ Consider ratios of o(VV)/c(Z"))

(] Considered inclusive rates

= The theoretical error of o(ZZ,WW)/c(Z(")) has
large contribution from the LO uncertainties of
the gg->VV process

= Errors remain at the level of 10%
= Ratios depend weakly on \sqrt{s} and the mass

= Also considered 0(ZZ)/c(WW) for which most of
the uncertainty due to gg->VV cancels out

1 Consider Jet veto survival probability
= Errors of ¢(WW,ZW)/¢(Z*) stay below 10%



EXTRA SLIDES



MCFM Settings

Paramter | Name | Input Value Output Value determingd.hy ewscheme
(_inp) =1 0 2
Gr Gf | 1.16639x10~° input calculated 1 input
a(Mz) | aemmz 1/128.89 input input calculated input
sin® 4, XW 02312 calculated input calculated input
My wmass | 80.419 GeV input calculated input calculated
M, zmass | 91.188 GeV input input input calculated
e mt 172.5 GeV | calculated input input input

Parameter | Fortran name Detault value
m, mtau 1.777 GeV
m2 mtausq 3.1577 GeV?
m? mcsq 2.25 GeV?
m? mbsq 17.64 GeV?
15 tauwidth 2.269x 10712 GeV
['w wwidth 2.06 GeV
I' zwidth 2.49 GeV
Vud Vud 0.975
Ve Vus 0.222
‘;.lb Vub 0.

Ved Ved 0.222
| Vcs 0.975
Vs Vcb 0.




Ratio WW/ZZ

1 The ratio WW/ZZ will diminish the error due to
the gg->VV contribution.

1 The errors will probably be dominated by the

experimental uncertainties

oww |doww || 0zz 002z || ;72& 10° 2z
067.0| 13.9 ||11.51| 10.9 1.73 1.6
-14.4 -13.1 -2.0

U Results above include gg->WW




vs Dependence of WW/Z(*)

1 Results reported to NLO and

(] Results were obtained with a dynamic scale

» (E; of the weak-boson system)

\T TeV 200 < Mww < 250 | 250 < Mww < 300 | 300 < Mww < 500 | Mww > 500
g ( WW) 14 0.20 0.27 0.33 0391
12 0.20 0.26 0.33 0.388
o 10 0.20 0.26 0.32 0.382
O'(Z ) X 0.19 0.25 0.31 0.385
6 0.18 0.24 0.30 0.406
O- ( WW) \T TeV 200 < Mww < 250 | 250 < Mww < 300 | 300 < Mww < 500 | Mww > 500
14 0.22 0.13 0.16 0.044
o ( 7 ) 2 0.22 012 0.16 0.010
10 0.21 0.12 0.14 0.036
1 03 3 0.20 011 0.13 0.030
>< 6 0.18 0.10 0.11 0.022




/s Dependence of VV/Z*

1 Ratios are relatively stable w.r.t. \sqrt{s}

Results to NLO

Vs [TeV] | S | i | 9z
14 0.280 | .0481 | .0063
12 0.294 | .0473 | .0062
10 0271 | .0462 | 0062
8 0.265 | .0452 | 0062
6 0.256 | .0435 | .0062




Check || 80(Z) | 00(Z7) || 00(ZZ) | OC(WW ) | 0O(ZW)
[ 1.2 1.0 1.2 1.0 0.9
2 1.2 1.0 1.2 1.0 0.9
2 1.2 1.0 (N 08 0.7
} 1.2 1.0 ON 08 0.7
5 0.0 06 0.6 06 0.6
6 (N 0.5 0.6 0. 0.6
] 0.2 (R 1.1 0.9 1.0
N 0.1 [ 1.1 09 09
9 2.1 1.1 1.1 1.0 0.9
10 2.3 1.1 1.1 1.0 K
11 1.2 0.9 06 0 ).6
12 1.1 (R 06 0.6 0.6
12 02 V4 04 V4 0.4
14 0.3 .4 0.3 0.3 0.2
15 1.6 0.7 0.7 0.6 0.7
16 N 04 0.2 0.2 0.2
17 02 ) 04 02 0.4
I8 0.2 0.5 0N 06 0.6
19 1.3 1.8 1.9 1.8 1.7
20 1.0 1.7 1.7 1.6 1.6
21 1.2 1.0 0.9 09 0.8
22 04 06 0.5 06 (3]
21 0.7 0. 0.8 V& ).6
24 1.1 0.9 0.9 LN R
25 )1 0.2 0.5 0.2 0.2
26 0.2 02 0.2 0.2 0.2
27 (R 07 X3 1.6 0.
28 08 09 09 09 (0.8
29 02 02 0.2 )1 0.1
10 28 1.9 1.8 1.8 1.7
11 09 Os 09 [ 0
A2 1.0 07 1.0 LN 0.8
R 1.1 1 & 09 0.7 0
RE e 0.5 [ 1.6 0.5
AS ) 8 0N 0 07 (06
16 09 09 [ [ R
37 1.0 1.2 1.1 1.1 1.1
a8 (02 02 02 02 0.2
19 ol 04 VO 02 0.1
1 (K] 01 0.1 (K4 10
Total ! 11 K 0 8

PDF Uncertainties

d Use CTEQG6.1 and evaluate
the 40 pdf checks

(] Results depends weakly

on cms energy

Uncertainties in %

s | 00(Z) | 60iz") [[60(2Z) | d0(WW ) | d0(ZW )
14 3.1 3.2 1.0 2.8
10 3 2 3.4 31 2.9
s 1.4 1.4 LS 2 0

Shown errors on cross-sections to NLO




Check
1 0 0.2 0.1
2 0 0.2 0.1
1 ) 06 0.2
} ) 06 ]
5 ] 0.6 0
6 V6 06 10

) ©Q (07 0.1
s ) 0.7 01
9 0 1.1 0.1
10 2 1.3 0.1
11 0.6 0s [
12 ).5 0.5 )
13 0.1 0.1 10
14 11 0 10
15 )1 0.0 0.1
16 0.1 0.1 0.1
17 16 0.5 01
18 [ 0 ).2
19 6 0 0.1
X) | 0 01
21 )4 ) 0.1
N [ 0o (K]
pA 0.1 0 0.1
24 [N 0.2 V()
25 2 0 0.1
3] [ 0 00
27 2 0 0.1
28 0 00 0.1
29 1.4 0 01
A 0 09 0.1
1] 0 0 0.0
32 0 0 0.1
12 ) A 0 0.1
M 14 0.2 01
35 0.1 0.2 0.1
6 0.1 0.1 0.1
17 V1 0 0.1
AN 0 00 00
19 0.1 0
] 0.1 00
1.2

PDF Uncertainties
(ratios)

d Use CTEQG6.1 and evaluate
the 40 pdf checks

(] Results depends weakly
on cms energy

Uncertainties in %

- 377 R L4 «'WW -3 WW P IrAS R IPAL
5 Ve O — O — O — L — 0 —
14 1.4 | .. | 14 )4
10 1.5 0.5 1.4 [ 14 1.5
N 1.5 0.6 1.4 0.3 1.5 16

Shown errors on ratios to NLO

] Pdf-related errors of VV
are more correlated with
Z* and with Z



Pdf errors for gg->WW

4 Independent study of pdf errors on gg->WW
with various versions of CTEQ

1 Obtain an errors of 5-10% to the total cross-
section of gg->WW with CTEQG6

* This is significantly smaller than the scale-driven
uncertainties

1 We did not investigate the correlations of the
pdf errors of the qq,qg initial states with
those of the gg initial states and the resuiting
effect on the ratio

1 This is homework for the future



d?c/dM/dY [pb/GeV]

Petrielo et al

pp > W+X
* T T 1 T T T T T T T T T T 1 T T 1 T T T
pp~(Z7")+X 500 I
T T T T I T T T T I T T T T I L T T T T T T ] _ + i
[ NLO ] LW NNLO s W
R R 250 e I 400 — XXXY —
e e S SN T g — - NLO R X \.\
s o 17 [ K5 TITTEETIZIIN 1
R R R R R PSS R ey &Y $ '. 1
oS oIS 12 i st totetesssstsrters N
R RRRRRRIRLIRRIRAIRRIIN 1 - 0000000020 2020 2020202620900, -
R RIRRIERRRIRRIRRIRLL I 1 R - 205020 00% 2022 VR
G IRRRIRIIRIIRIIELIILIX RN o, 300 ) KERRKLRRR X
...... D 0aa0e 0% %a%a%e%6% %% %2262 2026 2 2 %\ 1 — 3 4 SRR - .
I e AN AVAVAVS: ""”"’ | LNLD
LO AL S
L T I
\ I~
- = 200—
- @ -
- \ -
— Vs = 14 TeV o2 i
I M =M, T 100 —
[ M/2spus2M i
[ 1 I I 1 | I 1 1 1 | I~
0 1 2 3 4 - I | | |
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Y -4 -2 0 2 4

The NLO band does contain the NNLO result for Z,W*,W- production
Same applies for the gg->H production



Vs Dependence of Jet Veto

Results of € shown for P:=30 GeV

WW Z*
VS| <pr>|<n|>| o [|[<pr>|<[n] >| €0 iz“
14| 42.0 | 0.78 |0.63| 23.9 | 0.58 |0.76/0.82
10| 34.6 | 0.68 |0.68/ 21.0 | 0.53 |0.78//0.86
8| 301 | 0.62 [0.71| 18.1 | 0.47 [0.81/0.87




vs Dependence of Jet Veto

Values with respect to s-14 Tev

12 10 8 6
priGev] || eR(ww) VM) | ekww) SR | eRww) SR | ekww) VR
20 107 104 | 110 104 | 116 108 | 125 LIl
25 106 103 | 108 104 | 114 107 | 121 109
30 105 103 | 108 104 | 112 106 | 118 108
35 104 103 | 106 103 | 111 106 | 116 108
40 104 103 | 106 103 | 110 105 | 115 107
45 104 102 | 105 103 | 109 105 | 113 107
50 103 102 | 105 103 | 108 104 | 112 106
55 103 102 | 105 102 | 108 104 | 111 106
60 102 101 | 104 102 | 107 104 | 110 105
65 102 101 | 104 102 | 107 104 | 110 105
70 102 101 | 104 102 | 106 103 | 109 105
75 101 101 | 103 102 | 106 103 | 109 105
80 101 101 | 103 102 | 105 103 | 108 104
85 101 101 | 103 102 | 105 103 | 107 104
90 101 101 | 103 102 | 105 103 | 107 104
95 101 100 | 103 102 | 104 103 | 107 104
100 101 100 | 103 101 | 104 102 | 106 104




