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Observables for BSM studies

* Forward-backward asymmetry:
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* From theory to experiment, i.e., from cross-section to events:

N=L-o-€

* Experimental definition:

> Reduce bias from systematic errors from the luminosity and efficiency
w.r.t. the cross-section observable
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Gauge-Higgs Unification (GHU) Models

* The GHU unified all the force carriers under a single gauge group:
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* A-Models[1]: Stronger deviations in the right-handed case (ere*.->qqQ). o ——

¢ B-Models[2]: Stronger deviations in the left-handed case (e1e*=->qq).

> The gauge group of GHU is also related to Grand Unification Theory (GUT), embedded in the SO(11) group.

[1] Shuichiro Funatsu, Hisaki Hatanaka, Yutaka Hosotani, Yuta Orikasa, and Naoki Yamatsu. Fermion pair production at e-e+ linear collider experiments in GUT inspired gauge-Higgs unification. Phys. Rev. D, 102(1):015029, 2020.
[2] Shuichiro Funatsu, Hisaki Hatanaka, Yutaka Hosotani, and Yuta Orikasa. Distinct signals of the gauge-Higgs unification in e-e+ collider experiments. Phys. Lett. B, 775:297-302, 2017.
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Gauge-Higgs Unification (GHU) Models

* A-Model cross-section deviation examples (c-quark) 500 GeV:
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Preselection of qq signals

* Once we have the reconstructed pfos of the events with different targets:

> We cluster the signal in jets (VLC algorithm):
» The algorithm packs together the PFOs into two jets.
>~ Signal is expected in a back-to-back topology (but not the backgrounds!)

- Most of the background is radiative return (yqq)

- And most of the data is background!
» x3 for ee*r and x6 for ere*Lat 250 GeV
* x4 for e.e*r and x7 for ere*Lat 500 GeV

> Then we apply different cuts to the signal to remove the background processes
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Summary from the last meeting (e.pr)

Cuts:
K .., <20 GeV

m, . > 250 GeV

2jets
Charged N pfos > 0.5
Neutral N pfos > 4.5
Photon veto (E<240 GeV; |c0s8,|<0.97)
y23<0.006

VLC Algorithm
parameters:
R=1.0

y =0.0
B=1.0

A\

Background /Signal

ISR WW 77
No Cut | 4.044 | 1.193 | 0.106
+ Cut 1| 0871 ] 0.784 | 0.059
+ Cut 2 | 0.863 | 0.784 | 0.059
+ Cut 3 | 0.243 | 0.785 | 0.059
+ Cut 4 | 0.182 | 0.787 | 0.059
+ Cut 5| 0.134 | 0.615 | 0.051
+ Cut 6 | 0.102 | 0.123 | 0.009

!

X2 than at 250 GeV! |
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Too high!
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Summary from the last meeting (erpL)

Cuts:
K .., <20 GeV

m, . > 250 GeV

2jets
Charged N pfos > 0.5
Neutral N pfos > 4.5
Photon veto (E<240 GeV; |c0s8,|<0.97)
y23<0.006

VLC Algorithm
parameters:
R=1.0

y =0.0
B=1.0

A\

Background /Signal

ISR WW 77
No Cut | 7.416 | 0.016 | 0.127
+ Cut 1| 1.597 | 0.014 | 0.072
+ Cut 2 | 1.582 | 0.014 | 0.072
+ Cut 3| 0.350 | 0.014 | 0.072
+ Cut 4 | 0.227 | 0.014 | 0.073
+ Cut 5| 0.140 | 0.015 | 0.062
+ Cut 6 | 0.103 | 0.001 | 0.013

!

X2 than at 250 GeV!
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Samples (500 GeV)

eLPr erPL
Luminosity ( fb~') Cross-Section ( fb ) Luminosity ( fb=") Cross-Section ( fb)
q7 + ISR | WW | ZZ | it 7 + ISR|WW | ZZ | i q7 + ISR |WW | Z2Z | th q7 +ISR|WW [ ZZ | th
46.4 | 49.0 | 56.6 | 7704.9 32470.5 | 7680 | 680.2 | 165.0 47.0 500 | 72.5 | 8354.1 17994.7 | 33.5 | 271.9 | 63.7
K|SR<20 GeV K|SR<20 GeV
Cross-Section (fb) _ Cross-Section (fb) _
bh e $3 i dd bb cc SS w dd
qg | 1051.6 | 1633.1 | 1051.5 | 1643.5 | 1058.2 qq 226.6 | 733.0 | 221.7 | 732.8 | 224.1
ISR | 5391.9 | 4933.3 | 5389.0 | 4951.9 | 5366.6 ISR | 3233.5 | 3092.5 | 3222.5 | 3075.0 | 3243
Ratio 5.1 3 51 3 51 Ratio | 14.2 4.2 14.5 4.2 14.5
Kisr<70 GeV Kisr<70 GeV
Cross-Section (fb) ) Cross-Section (fb) )
bb ce S5 uil dd bb cC S3 ull dd
qf | 1231.3 | 1917.3 | 1232.2 | 1923.5 | 1239.9 qq 264.7 | 8579 | 260.1 | 857.5 | 263.7
ISR | 5212.2 | 4649.1 | 5208.4 | 4671.8 | 5184.9 ISR | 3185.4 | 2967.7 | 3184.1 | 2950.3 | 3203.5
Ratio | 4.2 2.4 19 54 19 Ratio | 12.0 3.5 12.2 3.4 12.1

1: There are 4 different samples (for different processes), this is the average number for each of them
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We stepped back to study Kieco

e,e,— qq, g=udscb, 500 GeV, XX fb”’
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We stepped back to study Kieco

e et — qg, g=udscb, 500 GeV, XX fb’
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We stepped back to study Kieco

Kreco < 20 GEV

Efficiency (%) Background /Signal

b cc g | ISR WW ZZ i
No cut | 100 | 100 | 100 | 4.04 | 1.19 | 0.11 | 0.11
+ Cut1|70.9]70.5|70.8|0.87 ] 0.78 | 0.06 | 0.007
+ Cut 2| 70.8 1 70.5]70.8]0.86 ]| 0.78 | 0.06 | 0.007
+ Cut 3| 70.7 1704 ]70.5]0.24 | 0.79 | 0.06 | 0.007
+ Cut 4| 70.7 | 70.3 | 70.0 | 0.20 | 0.79 | 0.06 | 0.007
+ Cut 5| 685|681 ]67.6]0.14 | 0.61 | 0.05 | 0.007
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We stepped back to study Kieco

Kreco < 70 GEV

Efficiency (%) Background /Signal

bb ¢ qf7 | ISR WW ZZ tt
No cut | 100 | 100 | 100 | 3.30 | 1.19 | 0.11 | 0.11
+ Cut1]94.6 943 [94.3]0.95] 1.07 | 0.09 | 0.062
+ Cut 29421941 194.2]0.91 | 1.07 | 0.09 | 0.057
+ Cut 39411939 [93.7]0.24 | 1.07 | 0.09 | 0.058
+ Cut 4]94.0193.8 93.0]0.18 | 1.07 | 0.09 | 0.058
+ Cut 51 90.0 | 89.6 | 88.6 | 0.11 | 0.69 | 0.07 | 0.060

Higher statistic Similar B/IS
+

Higher flavour

differences
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We retouched the cuts for K eco=70 (eLpr)

INSTITUT DE FISICA
CCCCCCCCCCC

Cuts: VLC Algorithm
e K _,<70GeV parameters:
. My, >250 GeV * R=10
- Charged N pfos > 0.5 * v=00
ged N pfos > 0. .« B=10
* Neutral N pfos > 3.5 p=1
* Photon veto
Efficiency (%) Background /Signal
b cé q7 | ISR WW Z7Z tf
No cut | 100 | 100 | 100 | 3.30 | 1.02 | 0.09 | 0.09
+ Cut1]94.6|94.31]94.3]|0.95| 092 | 0.08 | 0.05
+ Cut 21942 194.1 19421091 091 | 0.08 | 0.05
+ Cut 3|94.1193.91]93.7]0.24| 091 | 0.08 | 0.05
+ Cut4|94.1193.8193.4]0.19| 091 | 0.08 | 0.05
+ Cut 5] 90.1 | 89.7 | 89.1 | 0.11 | 0.59 | 0.06 | 0.05
Rebalanced

A\
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Now, we carry on the analysis
looking in the e_pr case
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Looking for a sixth cut (y2)

e,e, — qg, g=udscb, 500 GeV, XX b’
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CUt y23<0-005 fOI‘ Kreco=20 &. 70 GEV

&,65,— qq, q=udscb, 500 GeV, XX fb
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CUt y23<0-005 fOT Kreco=20 & 70 GEV

Kieco<20 GeV

Efficiency (%) Background/Signal
b ¢ ¢ | ISR WW ZZ i
123<<0.005 | 48.6 | 48.7 | 48.7 | 0.10 | 0.09 | 0.007 | 0.0001

Kreco<70 Gev

Efficiency (%) Background/Signal
bb  c¢c q7 | ISR WW 77 tt
123<<0.005 | 52.9 | 52.6 | 52.6 | 0.08 | 0.11 | 0.010 | 0.0002
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Looking for a seventh cut (mj;+m;2)

&,65,— qq, q=udscb, 500 GeV, XX fb ILD &,ef, — qq, q=udscb, 500 GeV, XX fb IL
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Seventh cut: mj:+mj; (Kreco<20 GeV)

Efficiency (%) Background /Signal
mj, +m;,<X GeV | bb ¢ q7 | ISR WW Z7Z tt
120 45.9 | 45.9 | 45.8 | 0.10 | 0.05 | 0.004 | 2e-06
130 47.0 | 47.1 | 47.1 ] 0.10 | 0.05 | 0.004 | 3e-06
140 476 | 47.8 | 47.8 | 0.10 | 0.06 | 0.005 | 5e-06 | €=—
150 48.0 | 48.3 | 48.2 1 0.10 | 0.06 | 0.005 | 8e-06
|cos(0)|<0.9
Efficiency (%) Background /Signal
mj, +mj<X GeV | bb  c¢ q7 | ISR WW ZZ tt
120 48.4 | 48.5 | 48.3 | 0.10 | 0.04 | 0.003 | 2e-06
130 49.5 1499 | 49.7 | 0.10 | 0.04 | 0.004 | 4e-06
140 50.2 | 50.6 | 50.5 | 0.10 | 0.05 | 0.004 | 6e-06 | =
150 50.6 | 51.1 | 50.9 | 0.10 | 0.05 | 0.004 | 9¢-06
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Seventh cut: mj:+mj; (Kreco<70 GeV)

Efficiency (%) Background /Signal
mj, +m,<X GeV | bb  cc q7 | ISR WW ZZ tt
120 49.7 1 49.5 | 49.5 1 0.08 | 0.07 | 0.006 | 4e-06
130 50.8 | 50.8 | 50.9 | 0.08 | 0.08 | 0.007 | 7e-06
140 51.5 | 51.6 | 51.7 | 0.08 | 0.08 | 0.007 | 9e-06 | €=
150 51.9 | 52.0 | 52.1 ] 0.10 | 0.08 | 0.007 | 1e-05
|cos(0)|<0.9
Efficiency (%) Background /Signal
mj, +m;,<X GeV | bb ¢ g7 | ISR WW ZZ tt
120 1.7 | 51.8 | 51.7 | 0.08 | 0.04 | 0.004 | 3e-06
130 52.9 | 53,2 | 53.1 | 0.08 | 0.05 | 0.005 | 7e-06
140 H3.7153.9 (539 | 0.08 | 0.05 | 0.005 | 8e-06 | =
150 b4.1 1 54.4 | 54.4 | 0.08 | 0.05 | 0.005 | 1e-05
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Final selection for K..c=20 GeV (e.Lpr) [FIC [T8&

Cuts: VLC Algorithm 6,6 — 44, g=udscb, 500 GeV, XX fb'!

o K < 20 Gev parameters: §\ _I T | TTTT I LR I TTTT I TTTT | TTTT | TTTT | TTTT | Tl | B | I_
reco _ o) 1 47 )
- m,,. > 250 GeV * R=1.0 g T i
* Charged N pfos > 0.5 ' y= 28 Py o -
* Neutral N pfos > 3.5 p=1 i i
: SZCOJ:OOnOVOeStO 1:— _;g — YZ_) vad (g=udscb) —:
) - g .
* MptMmp < 140 GeV = — S8 e i
0.8 —bb W -
Efficiency (%) Background /Signal . et ]
Nocut | 100 | 100 | 100 | 4.04 | 1.19 | 0.11 | 0.11 E — —_— — E
+ Cut 1709|705 |70.8 087 | 0.78 | 0.06 | 0.007 0.4~ -
+ Cut 2| 708705 70.810.8 | 0.7% | 0.06 | 0.007 i ]
+ Cut 37071704 |7051024| 0.79 | 0.06 | 0.007 0.2/~ —
+ Cut 4| 707704 |70.01]0.201| 0.79 | 0.06 | 0.007 B NERRRT | | | i t 1 ]
+ Cut 5| 685|681 |67.6|0.14 | 0.61 | 0.05 | 0.007 % 01 02 03 04 05 06 07 08 09 1
T Cut 6 | 48.6 | 48.7 | 48.7 | 0.10 | 0.09 | 0.007 | 1e-04 Keaeo<20 GV & m; 5250 GeV’ & Npfos Veto 1008 &

+ Cllt 7 476 478 478 010 006 0005 56—06 & Cnpfos Veto & Pf;oron Veto & y23<0.005& rr!,.]+rr{,.?<140 GeV
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Final selection for K..coc=20 GeV (erp.)

Cuts: VLC Algorithm 646 — g, g=udsch, 500 GeV, XX b ILD
o K < 20 Gev parameters: §\ _I 1 IIiIIIIIIIIIIIIIIIIIIlIIIIlIIIIlllkll\ TTT | B | I_
reco _ 0_) 14i S
. m,  >250GeV * R=10 g T i
jets ° =0.0 E
* Charged N pfos > 0.5 . y= 10 1.2 7
* Neutral N pfos > 3.5 p=1 - ’
: )F/)hO<tOOnOV065tO 1__ _:g —w{Z—nqﬁ (q=udscb) |
23 . B et ff ]
* (mp+m;; < 140 GeV) Not needed B s — 2 i
0.8/~ bo —ww —
Efficiency (%) Background /Signal N oo Z
No cut | 100 | 100 | 100 | 7.42 | 0.02 | 0.13 | 0.11 L — = = == -
+ Cut1]70.6]70.7]71.0]1.60] 001 | 0.07 |0.008 0.4 -
+ Cut2|7.5|70.7|71.0 158 0.01 | 0.07 | 0.008 - ]
+ Cut 3] 705|706 |70.7035| 0.01 | 0.07 |0.008 0.2~ —
+ Cut 4| 705|706 |70.5|0.26| 0.01 | 0.07 | 0.008 . | e | | | ! [ l i
+ Cut5|684[683[67.9]0.15] 0.01 | 0.06 | 0.008 % 01 02 03 04 05 06 07 08 09 1
T Cut 6 | 48.8 | 48.9 | 48.6 | 0.10 | 5e-04 | 0.01 | 8¢-05 Keocs<70 GeV & m, 5250 GeV & NpfosVelo 'cos &
1 477 | 48.0 | 47.8 | 0.10 | 2e-04 | 0.007 | 4e-06 & Crplos Veto & Photon Veto s Pl
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Final selection for K...c=70 GeV (eLpr) [FIC[TE

Cuts: VLC Algorithm 6,6 — 44, g=udscb, 500 GeV, XX fb'!
« K _.,<70GeV parameters: g143]”"'""'""'""'"""""""”‘””"":
- m,,. > 250 GeV * R=10 2 ¢ i
* Charged N pfos > 0.5 ) yi0.0 - 1.2 b
* Neutral N pfos > 3.5 " B=10 s Z
° Ph0<toonOVOeSto 1 _:g — YZ— g (q=udscb) ]
* VYo3 . B it §
. ?/n,-1+m,-2<140 GeV ook % =2 E
Efficiency (%) Background /Signal B CE ]
bb cc g7 | ISR WW ZZ tt 0.6 -
No cut | 100 | 100 | 100 |3.30 [ 1.02 | 0.09 | 0.09 e e -
+ Cut 1]946]943]943]095] 092 [ 0.08 | 0.05 0.4 =
+ Cut2[942]94.1]94.2]091 091 | 0.08 | 0.05 i ]
+ Cut3[941]93.9]93.7]0.24]| 091 | 0.08 | 0.05 0.2 -
+ Cut4[941]93.8]9341]0.19| 091 | 0.08 | 0.05 Lot s e
+ Cut5[90.1]89.7]89.1]0.11| 059 | 0.06 | 0.05 % 01 02 03 04 05 06 07 08 09 1
¥ Cut 6| 52.6 | 52.5 | 52.6 | 0.08 | 0.11 | 0.01 | 2e-04 Kees<70 GV & m, 5250 GeV & Npfos Veto 1008 %
+Cut7 5151516 1517 | 0.08 0.08 0.007 | 9¢-06 &CnpfosVero&PhoronVero&y23<0.005&mjj+mf.?<14OGeV

I | We have to check this weird behavior at high angles with new samples
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Final selection for K.coc=70 GeV (e.pr)

Cuts: VLC Algorithm e.6! — qg, g=udscb, 500 GeV, XX fb” ILD
° Kreco< 70 GeV parameters: §\ _I 1 II TTTT I LR I TTTT I TTTT | TTTT | TTTT | TTTT | Tl | B | I_
. m.__>250GeV - R=1.0 g 14 §
2jets R — O O E - |
« Charged N pfos > 0.5 S Yo 10 i g
* Neutral N pfos > 3.5 p=1. : T i
* Photon veto L @ 7§Z—>m (@=udec)
* Yy,3<0.005 - — s§ = -
e (mp+mp < 140 GeV) Not needed sl —:S fvzw ]
Efficiency (%) Background /Signal T Z
bb cc qq | ISR WW Z7Z tt 0.6 | 7
No cut 100 | 100 | 100 | 6.19 | 0.01 | 0.11 | 0.10 E '*' e E
+Cut 119391944 (943 1.75] 0.01 [0.09] 0.06 0.4~ .
+Cut 2193619431942 1.68 | 0.01 [0.09] 0.06 i ]
+ Cut 319361940 (93.7]037] 001 [0.09] 0.06 0.2~ —
+ Cut 4 93-5 94-0 93-4 0‘28 0‘01 0‘09 0.06 :1 { i 1'1 =71 T l b il B ! e il | I ||||||IIIIIIIIEIIF}[FiIIILL'I I:
T Cut 5| 895 89918921013 0.01 | 0.07 | 0.06 % 01 02 03 04 05 06 07 08 09 1
T Cut 6 | 52.1 | 52.6 | 52.5 | 0.09 | 5e-04 | 0.01 | 1e-04 Keco<70 GeV & m | >250 GeV & NplosVeto 1008 8

' 51.0 | 51.7 | 51.6 | 0.09 | 3¢-04 | 0.01 | 5e-06 A EIRI Ve & T VRO 8 Yo 00
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Back-Up slides




Gauge-Higgs Unification (GHU) Models

* B-Model cross-section deviation examples (b-quark) 500 GeV:

7 EEEIE VY T — — T R

oY
L
[an]
73]
= S AU SR NSy - SR SRR, | SRRUI: DRI WRWRRENE WSV —
(&)
O
-~
[0)
©

| ;......s..e...-..n....aau(m ........ A I A S N /...,,.{.... mee——ese————o—o

: : ; 2 y New physics hide in
. ey ! the forward region of !
06_ ......... .............. ............. ............. ............. ............. ............. ..... /ﬁ;dr ............. l the detector l

Y Y Y |||l|||l|||l|||l|||l|||l|||]|1|]|||

-1 -0.8 -06 04 -02 0 0.2 0.4 0.6 0.8 1
1800fb-1; 500GeV cosO
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Prospects for b-quark in GHU (Acs)

e-e* — b b (Left-Handed)

e-e* — b b (Right-Handed)

— 10 : — 10 "
T F T F
(1] : © H
s | - | :
& g r
e} o 8 T ——— bl R

m m "

[TH (TN E;
< < B
- — 2.
o (SRR L RIMRGS I v/ 1 UM R RSN 0 S Y NI VRO
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o (o] B
o o L= e et v e
c c B
o o :
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© © i
o o B
7] @ -

P -l . Worme e o] i
0 200 400 600 800 1000

/s (GeV) /s (GeV)
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Prospects for c-quark in GHU (Az)

10:

e-e* — ¢ T (Left-Handed) e-e* — ¢ T (Right-Handed)

-l
=]

(c-quark)
(c-quark)

]

FB
T
FB

Model A-3 &

A

Separation Power A
Separation Power A

/s (GeV) /s (GeV)
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Efficiency up to cut 6 (previous meeting)

€LPr erPL
Efficiency (%) Efficiency ( %)
b  c¢ g7 ISR WW ZZ b  c¢ g7 ISR WW ZZ
Cutl |709]705]708]152] 46.5 | 39.3 Cutl |706]70.7]71.0]153] 63.8 | 40.4
+ Cut 2| 708|705 |70.8 151|464 |39.3| | + Cut2|705|70.7|71.0]15.1] 63.7 | 40.3
+ Cut 3707704705 42 | 464 | 392 | | + Cut3| 705|706 |70.7] 3.3 | 63.7 | 40.3
+ Cut4|70.7[703|700| 3.2 | 463 [39.1| | + Cut4|704|706]70.2] 22 | 63.6 | 40.1
+Cut5|685]68.0|673| 22 | 349 (325 | + Cutb|683|682]|67.6[1.28] 62.8 |33.0
+ Cut 65115121509 1.3 | 53 | 4.3 + Cut 65145131509 07 | 2.7 | 5.1

AN
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Optimization of the cuts: K

reco

« K is agood estimator of E

reco
> Definition of acolinearity:
Py~ By

sin' - =
‘le‘ ' ‘le‘

acol —

> Momentum of the collinear photon in

the ultrarrelativistic limit (m,, << p,,):

|E\ . 250GeV -sinV¥,,.,
sin¥,.; + sin6; 4 sin6,

Kinematics of a two jets system reconstruction with ISR
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Samples (500 GeV)

* The samples names are:

qg+ISR: 2f_hadronic
WW: 4f WW __hadronic
ZZ:. 4f ZZ hadronic
tt:
6f_tthar_yycyyc
6f_ttbar_yycyyu
6f_ttbar_yyuyyc
6f_ttbar_yyuyyu
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Looking for a sixth cut (d.s)

900

800

Entries

700

600 |

500

400

300

200

100

0

0 1000 2000 3000 4000

e,el, — qag, g=udscb, 500 GeV, XX ft’’ I L

1 I I I | I I I I I I I T I I T T T T I T T I

rtlwlll

— vZ— yqq (g=udscb)

|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIEFE[\III_U

£ 11

Kioeo<70 GeV & m; ; >250 GeV & Npfos Veto d
& Cnpfos Veto & Photon Veto 23
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Looking for a sixth cut (d.s)

&,65,— qq, q=udscb, 500 GeV, XX fb &,ef, — qq, q=udscb, 500 GeV, XX fb

-,

5\ _I LI I LI | rrri I LI I LI I rrri | LI I LI I LI LI I_ 3\ _I LI I LI | LI I rtTri I LI I LI | LI | LI I L LI I_

8 1.4 — & 1.4 7

o r - o r i

TR ] TR ]

1.2~ o - 120 . 7

- - - —ul -

B dd — ¥Z—> 90 (g=udscb) i i @ —— vZ— vqq (g=udscb) i

B sue - L e A -

1~ — 88 77 o of 1 —— 8§ )

~ —bb o & - —bb — Z N

i o = i i @ =W i

0.8 ] 0.8— ]

0.6 ' . 0.6 .

04— — 04— —

0.2 - 0.2 | —

o_l 1.| 1 I I-f--1- | o I 1 I.I I I 1 I.I 1 I Ed-1-1 | 1 I.I 1 I -k 4] i | I l I P-L l— O_I l.l 1 i | L] o b | | 1 |.| I I 1 |.| 1 I | I | | | 4 M P e i '} I | o e b 1 lT'r'L lm

0O 01 02 03 04 05 06 07 08 09 1 0O 01 02 03 04 05 06 07 08 09 1

Krsos<70 GeV & m, 5250 GeV & NpfosVeto Icos 6 Kooeo<70 GeV & m, 5250 GeV & NpfosVeto lcos 64!
& Cnpfos Veto & Photon Veto & dgs < 2000 & Cnpfos Veto & Photon Veto & o‘as <2500
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Looking for a sixth cut (d.s)

e,ef,— q0, g=udsch, 500 GeV, XX fb’ e,ef, - qa, g=udscb, 500 GeV, XX fb’

O
O

3. _IIIIIIIII|IIII|IIIIIIIIIIIIII|IIII|IIII|IIILII\I_ 3\ _IIIIIIIII|IIII|IIIIIIIIIIIIII|IIII|IIII|IIIL\I\I_
& 1.4 — & 1.4 —
Q B 7 el B 7]
= - - = - =
L - . 18] - .
1.2 — T — 1.2 . 7

B dd —— vZ— yq@ (q=udscb) ] B ad — ¥Z— yq§ (g=udscb) ]

i s e f ] i i L ]

1 —bb - Z2Z — 1 = L =

i _— ] i = -ww ]

i ce i i cc i

0.8 — 0.8 | ]
—— ——{ 1 — i ] — ) —— = 1

0.6/ - 0.6/ -

B - - -

0.2~ ' 0.2~ 1
0_||||I||||||||||||.|||||.||||||||||'|||||'|'|"|'|'|"i'r'rr-tln O_II.I.I.IIIII.I.I.|-I”I.II.I.I.I‘I”I-I-IIml-l-[lI-I.I..lrlrlrlIlll.llill'lr[rrtln

0O 01 02 03 04 05 06 07 08 09 1 0O 01 02 03 04 05 06 07 08 09 1

K ..o<70 GeV & m. . >250 GeV & NpfosVeto Icos 6 K...o<70 GeV & m. . >250 GeV & NpfosVeto Icos 6

A A
& Cnpfos Veto & Photon Veto & d < 3000 & Cnpfos Veto & Photon Veto & 4:»"‘r < 3500

dzs always induce flavour dependance
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Looking for a sixth cut (y2)

1.4

Efficiency

1.2

0.8

0.6

0.4

0.2

0]

e,6f,— qq, q=udscb, 500 GeV, XX fb

O

IlIIIIIII|IIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIl

i . — YZ— Yq@ (q=udscb)
o o 0

- B E; — zz

- -WW

— cC

]
|
|

II'IIIIIII|IIIIIII'IIIIIIIIIIIIllllllllllllllllill'\T'

|

0 01 02 03 04 05 06 07 08 09 1
Koeo<70 GeV & m, ;>250 GeV & NpfosVeto

& Cnpfos

Veto & Photon Veto & Yo 0.005

Icos 6

ey
»~

o
|
»
|

Efficiency

—
[*)

0.8

0.6

0.4

0.2

0

&,ef, — qq, q=udscb, 500 GeV, XX fb

O

IlIIIIIII|IIIIIIIIIIIIIIIIIIIlIIIIlIIIIIIIIl

& —— vZ— 'qq (q=udscb) 7]
qd -
e St ]
—bb - X i
= WW =

cC =

o1 1

IIIIIIIII|IIIIIII.IIIIIIIIIIllllllllllllill‘ftltttl

0 01 02 03 04 05 06 07 08 09 1

Kieeo<70 GeV & m. . >250 GeV & NpfosVeto

& Cnpfos

Icos Bql
(L

Veto & Photon Veto & V& 0.01

Low y.; induces a positive slope
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Looking for a sixth cut (y2)

&,6f,— qq, q=udscb, 500 GeV, XX fb &,ef, — qq, q=udscb, 500 GeV, XX fb

O
O

a _I LI I LI | rrri I LI I TTTT I LI | LI I TTrT I L 255 B I_ a\ _I LI I LI | rrri I LI I TTTT I LI | LI | LI I LI 08 I_
& 1.4 — & 1.4 —
Q B 7] O B 7]
= - n = - -
L - _ - L - _ -
lar - —— yZ- 0 (g=udsch) 1.2 P —— \Z- ¥ (q=udsch) B

- dd o ] - a3 ; ]

- =55 R - s 85 - -

- cc = E T - WW s

0'8_ g = 08_ — — —— s — W
— . f— e B .

0.6 —~ 0.6 =

: ] : | ]

04— =1 0.4— : _

i | _ -

0.2 | 0.2 =
O_IIIIIIIII|IIIIIII.IIIIIIIIIIII|IIIIIIIIiEIiIf['r-r-Lln O_IIIIIIIII|IIIIIIIIIIIIIIIIIIIlII.IIl.-l.l.lli-l-i-'ttlrl':tl"

0O 01 02 03 04 05 06 07 08 09 1 0O 01 02 03 04 05 06 07 08 09 1
Kieco<70 GeV & m; ;>250 GeV & NpfosVeto Icos Bql Kreco<70 GeV & m. . >250 GeV & NpfosVeto Icos Bql

i
& Cnpfos Veto & Photon Veto & S 0.015 & Cnpfos Veto & Photon Veto & V& 0.020

High y.; barely reduces background
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CUt y23<0-02 fOr Kreco=20 &. 70 GEV

&,65,— qq, q=udscb, 500 GeV, XX fb

&,ef, — qq, q=udscb, 500 GeV, XX fb

-,
-,

5\ _I LI I LI | rrri I LI I LI I rrri | LI I LI I LI LI I_ 5\ _I LI I LI | LI I LI I LI I LI | LI | LI I LI LI I_

$ 1.4 — & 1.4 -

k3] - i o - i

= - - = - =

(] L _ L - — T -

1.2+ B — 1.2 & — vZ— vq4 (q=udscb) —

- —ud = B SR | | 7

L da — vZ— qq (gq=udscb) - - - 77 -

B cois = B — =

1 — 8 — 1 —bb i -

B b oz j B o " i

- oo - WW _ - _

0.8 _ oY T - —

0.6/ | = 0.6/ =

e ] i ]

0.4 — 0.4 |

B i i |

0.2~ — 0.2 -

0_1 !.l 1 I | ] | | e I | I 1 I.I 1 I 1 I.I 1 I Ld-1-} I -1 0 d I - 1.4:] i | ) o l =l l_ 0—| 111 I L1111 | 1111 I 1 I.I 1 I 1111 I L1111 | 1111 |-I-I-I”I IIF 11 1l I.—

0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1

Keco<20 GeV & m, 5250 GeV & NpfosVeto Icos 6 Keco<70 GeV & m, 5250 GeV & NpfosVeto Icos &l
& Cnpfos Veto & Photon Veto & y23<0.02 & Cnpfos Veto & Photon Veto & y23<0.02
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CUt y23<0-02 fOT Kreco=20 & 70 GEV

Kieco<20 GeV

Efficiency (%) Background /Signal
bb ¢ q7 | ISR WW ZZ tt
Y23<0.020 | 63.7 | 63.4 | 63.2 | 0.13 | 0.52 | 0.034 | 0.001

Kreco<70 Gev

Efficiency (%) Background /Signal
b ¢ qj | ISR WW ZZ i
103<<0.020 | 74.7 | 74.5 | 7T4.3 |1 0.09 | 0.52 | 0.04 | 0.0034

If we try to remove the slope using a milder cut in
y2s We left way too much background
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Seventh cut: m;;+m;><120 GeV

&,65,— qq, q=udscb, 500 GeV, XX fb

&,ef, — qq, q=udscb, 500 GeV, XX fb

-,
-,

3\ _I LI I LI | rrri I LI I LI I rrri | LI I LI I LI LI I_ 3\ _I LI I LI | LI I LI I LI I LI | LI | LI I LI LI I_

$ 1.4 — & 1.4 -

o - = o - =

= - - = - =

(] L _ L - -

1.2 — 1.2 —

- = - —uad =

n _— - N o —— vZ— yqq (g=udscb) -

11— ad — YZ— y0q (q=udscb) — 1— L f —

[ o - i [ o —z i

R — b = ] i — b - ww -

0.8_— CWW ] 0.8_— cc ]

|- CE — |- -y

0.6— — 0.6— )

B ] - ——— ] ]

0.4/ - 0.4/ ]

0.2 - 0.2 —]

0—'—|'|"|_|‘i Y 0 T e e B O B4 T Y L— ofl.;'l_l'i A T T T AT I:t'l-'—'

0 01 02 03 04 05 06 07 08 0.9 1 0 01 02 03 04 05 06 07 08 0.9 1

Keco<20 GeV & m, 5250 GeV & NpfosVeto Icos 6 Keco<70 GeV & m, 5250 GeV & NpfosVeto Icos &l
& Cnpfos Veto & Photon Veto & y23<0.005 & m; +m; <120 GeV & Cnpfos Veto & Photon Veto & y23<0.005 & m; +m <120 GeV
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Seventh cut: m;;+m;><130 GeV

&,65,— qq, q=udscb, 500 GeV, XX fb | D &,ef, — qq, q=udscb, 500 GeV, XX fb | D

3\ LU I L) | rrri I LI I TTTT I LI | LI I LI I L | LI 5\ L I L) | rrri I LI I TTTT I LI | TTrd | LI I LI | 05 B |
S 1.4 - S 1.4 -
°Q B 7 o B 7
= - - = - =
L » . L - .
1.2+ — 1.2 —
- vl : - —w — YZ— yqq (g=udscb) :
- g —Z-yqq (q=udscb) - dd _ .
1= dd Saic ff ] 1 —s§ . -
- —ss ] - — ZZ ]
. —bb -z - i — o :
0.8~ o ww = 0.8~ e =
0.6 — 0.6 o
: T— 9 e o e o | : :— £ ey — e — :
0.4 — 0.4 —
0.2— L 02— ]
0:[ 111 I il '|'| Tl | |“|'|”|.|"| Tl | LIl |”| I=1= |"| i i e ! = : 0_.| .I-'I_I-I 11 |“| l |”| -|. |“| .|.|.'| || |_'|'-| || 11 |“|-| =T | I |l| I l e l ! |Er--r”:
0 01 02 03 04 05 06 07 08 0.9 1 0 01 02 03 04 05 06 07 08 0.9 1
Kyocr<20 GeV & m) 5250 GeV & NpfosVeto Icos 6l Kyoco<70 GeV & m) 5250 GeV & NpfosVeto Icos 6

& Cnpfos Veto & Photon Veto & y23<0.005 & m; +m; <130 GeV & Cnpfos Veto & Photon Veto & y23<0.005 & m, +m; <130 GeV
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Seventh cut: m;;+m;;<140 GeV

Efficiency

Kroeo<0 GeV & m, ;>250 GeV & NpfosVeto

&,6f,— qq, q=udscb, 500 GeV, XX fb

TTTT I TTTT | TTTT I TTTT I TTTT I TTTT | TTTT I TTTT I TTTT l LI
1.4 —
1.2 -

B — —— ¥Z—> vqd (q=udscb) e
1= dd sl -

n — &5 -

[ ks -z ]

i CWW i
0.8 cc —
0.6— ]
- — =t — e S R f— s
0.4— —
0.2 -
0:1 g | I L1111 || |.| 1 I|| L1 I_l 11 I 1 |.|.| | I | || |-| I i I i.l I i = Ll.-—
0O 01 02 03 04 05 06 07 08 09 1
Icos 6

& Cnpfos Veto & Photon Veto & y23<0.005 & m; +m; <140 GeV

&,ef, — qq, q=udscb, 500 GeV, XX fb | D

B\ IIIIIIIII|IIII|IIIIIIIIIlllllllllllllllllllll\I\I
& 1.4 —
o — —-—
&= = _
L - .
1.2— —
1__ - —— ¥Z— vqg (g=udscb) ]
- dd — -
— _s§ - ZZ -
08_ _bB -~ WW i
- cC -
0.6~ - o~
0.4— —
0.2 —
Ovl.l.llllllllllhl I“III.IIIII.IIIIIII|I-I.IIlll.'llll!'tftll:r'ln
0O 01 02 03 04 05 06 07 08 09 1

Kreco<70 GeV & m; , >250 GeV & NpfosVeto Icos 6

& Cnpfos Veto & Photon Veto & y23<0.005 & m; +m, <140 GeV
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Seventh cut: m;;+m;;<150 GeV

&,65,— qq, q=udscb, 500 GeV, XX fb | D &,ef, — qq, q=udscb, 500 GeV, XX fb | D

3\ _I LI I L) | rrri I LI I TTTT I LI | LI I LI I L | 255 B I_ 3. _I LI I L) | rrri I LI I TTTT I LI | TTrd | LI I LI | 08 I_
& 1.4 - & 1.4 -
i) B =] A B =]
= - - = - =
(1| B _ w R -
1.2+ — 1.2 —

i _ i i - — vZ— yq§ (g=udscb) i

N —ul N N dd N

1 B ad — YZ— vq4 (q=udscb) i 1 i - e i

- — s pedl . - — b S .

— . 77 - WW

0-8 I I bE £ WW — 0.8 | cC 1

i cc i i i

0.6— — 0.6— _— T
0.4— —] 0.4 —
0.2 = 0.2 —
0_.| .I. 11 I i O | I.I I. | § I I I‘I 1 I | ) I | I I-I.I | | I I.I I III 1 I " [ L l" 0_| l 11 I 11 i.l | 1 I:I 1 .I.I”I | | I | ) S | I | | | -I-I‘I 1 | I I.'I I I I :.r I l } I:['["
0 01 02 03 04 05 06 07 08 0.9 1 0 01 02 03 04 05 06 07 08 0.9 1

lcos 64 lcos 6,

q Kioeo<70 GeV & m. . >250 GeV & Npfos\Veto q

Kroeo<@0 GeV & m. . >250 GeV & NpfosVeto

{Hf

& Cnpfos Veto & Photon Veto & y23<0.005 & m; +m; <150 GeV

1)

& Cnpfos Veto & Photon Veto & y23<0.005 & m; +m; <150 GeV
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