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Introduction SPOATL

b « BSM Extended 2HDM+S model
X M
g R H(S) . . .
e X — Sh process would be an alternative higgs pair
(a) Gluon fusion (ggF). (b) Top pair associated production (t1H). prOd uct|on .

b

* Heavy cp-even scalar X decay into Higgs + Higgs-like scalar S.

* Formg > m;,5, S would decay into WW and ZZ dominantly.

; p Multilepton channels benefit from large branch ratio.

() Single top associated production (tH). * Higgs diphoton gives excellent clean spectrum and clear

signature.
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Related Study SPOATL
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%EE EXPERIMENT

* 20 mass points has been chosen:
* S mass from 170 to 500 GeV

e X mass from 300 to 1000 GeV

e Samples are generated with WW1l, WW2I| and
ZZ21. Cross talks are considered.

Br(S->WW, 7Z)

——WWw 7z

100.00 200.00 300.00 400.00 500.00 600.00 700.00 800.00 900.00 1000.00

, (without NLO EW corrections)
among S[170, 500], WW and ZZ are dominant decays.

S Mass


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageBSMAt13TeV#Mass_range_and_step_for_BSM_Higg

Selection SOATL

* Good event * Regions defined:
« GRL, Pass the trigger, detector DQ....... © WWIl: 1 e/muon + 2 central jets;
* Central jet: pt>25 GeV, |eta|<2.5, pass overlap removal;
e 2 tight photons o WW2I: 2 same flavor, OS leptons

. . * Z-veto, |my — 91| > 10 GeV
* Diphoton triggers used

These 2 have enough statistics, use BDT to improve
Y1p; > 35GeV, y,,, > 25GeV;

sensitivity.
* Tight ID, Tight ISO.  WW1lelm: OS1 electron1 muon;
e 772I: 2 same flavor, OS leptons

At least 1 lepton + InZpeak: |my — 91| < 10 GeV

* e/muon pt>10 GeV; PID: medium; . _ .
/muon p 'u Limited statistics, used for number counting.

e Hadronic tau not included.

B-veto

* B-77 veto to avoid the overlap.
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Sideband Data/MC consistence

* As our limited data yield, we use yy+jets(known as “Sherpa”) and Vyy

continuum MC in the BDT training.

* For 1l case the ratio of Sherpa and Vyy are fitted by variable MT_W.

* For 2l case, Vyy are scaled with MT_W mass bins.

* After tuning, The discrepancy between data and MC would be

acceptable.
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BDT training

21/11/25

Signal MC, yy+jets, Vyy, ttyy, SM single Higgs and SM dihiggs used.
1 lepton 14 variables and 2lepton 11 variables.
Cross validation method + 4 folds

Parameterized X mass used

20 signals samples, grouped by their S mass, using their true X mass in the

BDT training. While background X mass randomly assigned

When applying BDT, background use the same X mass information as signals.

In this case, we have 5 individual BDT training but would have all different

BDT output for different signals.

Kaili

TMVA overtraining check for classifier: BDT
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BDT outputs

Events / 0.05

Data / Bkg.
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Background modelling

Events/ 1 GeV

Projection of pdf

§E EXPERIMENT

220001~ (338 % 125 1 45 (1257 — . .
20000 Fune = - ¢ Use O lepton data-side band control region as
18000 EDM = 7.67 x 10”7 =
16000 —
14000\\ * Data = Shape,
12000 —— 2nd exponential polynomial
10000 = : : :
8000 \ « 2"d exponential polynomial function used.
6000 —
40002— ;
o s~ *Allthe region, 1l and 21, assumed to share the

110 120 130 140 150 160

M, [GeV]
same shape.

* Proper reweighting in N_jets
0.025; yy+0l shape

oozl J * Using Ol to simulate the multilepton shape is

‘“"5;‘ reliable, and the bias could be implemented.

OO: yy+1l shape I * Lepton dependance introduced as uncertainty, up
L I to 5%.

m_H



Mass distribution
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Events

Data / Pred.

Using continuum MC
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Stat-only results
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EXPERIMENT

Kaili

Xmass=300 455.39

Xmass=400 415.37 611.81

Xmass=500 260.57 360.98 535.75

Xmass=600 204.50 260.83 309.04 452.33

Xmass=750 170.40 178.81 200.69 275.96 349.24
Xmass=1000 141.30 138.62 132.78 162.42 184.70

Best limit in (X1000, S300) for 132.78fb, worst one in (X400,
S200) for 611.81fh.

Among all 4 regions, 1l channel is dominant.
With only 1lepton category, Limit: 155fb.
With 11421, without ZZ2l and WW1lelm, Limit: 139fb.
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Systematics SOATL

* Following dihiggs combination scenario, 105 CP NPs introduced.

* Also for Lumi, theoretic uncertainties and Br(S->WW and Z7)

* Lepton dependance, and impact for different bkg function form studied in the SS test.

* Statistics dominant
 No NP has >5% impact in the pre-fit yields except for PRW_dataSF(11%).
* No >5% impact in the post-fit.

* Importing systematics led (X1000, S300) 12% worse, to 148fb.



Summary SOATL

EXPERIMENT

* Study on X = Sh = yy + 1/2L is done from X(300, 1000) and S(170, 500).

» Best result could be achieved in (X1000, S300) for 132fb(stat only) and 148fb(sys).

e Systematics study done.

* Interpolation to the whole plane, independent POI...... in the plan.

* Will EB soon and targeting Moriond 2022.

Thanks a lot for your attention!
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my 300 400 400 500 500 500 600 600 600 600
ms 170 170 200 170 200 300 170 200 300 400
WWII, DSID 800943 BO0944 800945 800946 800947 800948 800949 800950 800951 800952
All events 100 100 100 100 100 100 100 100 100 100
No duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 100 100 100 100 100 100 100
Pass trigger 77.56 82.25 81.14 88.92 88.45 83.35 91.86 91.69 90.37 84.82
Detector DQ 77.56 82.25 81.14 88.92 88.45 83.35 91.86 91.69 90.37 84.82
Has PV 77.56 8225 81.14 88.92 88.45 83.35 91.86 91.69 90.37 84.82
2 loose photons 58.57 59.26 59.46 60.98 61.10 61.23 63.06 63.11 62.69 62.65
Trigger match 5329 5464 5412 5845 5819 5583 6160 6146 60.02  57.10
tight ID 45.04 46.47 460.07 49.67 49.36 47.09 52.24 52.01 50.49 47.84
isolation 36,73 39.99 38,98 4428 43.61 39,70 47.45 46,98 44,37 40.26
rel. pT cuts 34.16 35.51 34.57 39.95 39.10 35.11 43.62 43.15 39.97 35.50
myy in [105, 160]GeV | 33.81 35.18 3416 39.51 3859 3434 4321 42.64 39.11 3443
b-veto 30.75 31.49 30.52 3497 34.19 30.35 38.03 3752 34.18 30.19
Al least 1lep 19.32 19.81 20.30 21.27 22.71 20.67 21.92 2446 23.73 20.55
pass WW1l1 11.01 13.12 13.85 15.20 16.58 16.11 16.27 18.60 18,92 16.95
WW2l, DSID 800963 800964 800965 800066 800967 800968 800969 800070 800971 800972
All events 100 100 100 100 100 100 100 100 100 100
No duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 100 100 100 100 100 100 100
Pass trigger 84.51 87.68 87.25 91.92 91.75 89.45 93.83 93.99 93.39 91.03
Detector DQ 84.51 87.68 87.25 91.92 91.75 89.45 93.83 93.99 93.39 91.03
Has PV 84.51 87.68 87.25 9192 9175 8945 9383 9399 9339 9103
2 loose photons 58.15 57.75 58.43 59.10 58.94 60.23 60.91 60.68 60.45 601.59
Trigger match 53.03 53.45 53.28 56.75 56.22 55.25 59.63 59.21 58.15 56.72
tight ID 45.22 45.74 45.55 48.59 48.07 47.34 50.94 50.69 49.77 48.45
isolation 38.12 39.65 39.06 43.23 42.55 40.57 45.96 45.60 43.99 41.37
rel. pT cuts 3549 3490 34.68 38.88 38.01 35.87 42,10 41.73 39.45 36.56
My in [105,160]GeV | 3479 3422 33.88  38.02 3696 3443 4117 4068 3795 34.67
b-veto 33.56 32.74 32.39 36.23 35.17 32.95 39.05 38.65 36.08 32.96
At least 2lep 17.14 18.06 18.12 2055 20.72 1945 2216 2323 2235 20.15
pass WW2] 17.01 17.90 17.60 20.34 20.09 18.95 21.90 2244 21.73 19.76
pass ZZ21 0.07 0.10 0.43 0.13 0.52 0.40 0.14 0.65 0.46 0.23
WW2l-em 8.46 8.91 8.85 10.17 10.27 9.64 10.96 11.50 11.02 10.03
fall to 1lepton category | 11.93 1051 10.99 11.07 11.14 10.93 11.54 11.82 11.33 10.58
Z721, DSID 800983 B00984 800985 800986 8DN98T 800988 800989 800990 800991 800992
All events 100 100 100 100 100 100 100 100 100 100
No duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 100 100 100 100 100 100 100
Pass trigger 77.68 81.12 80.26 87.03 86.52 81.65 89.98 89.82 88.24 82.69
Detector DQ 77.68 81.12 80.26 87.03 86.52 81.65 89.98 89.82 88.24 82.69
Has PV 77.68 81.12 80.26 87.03 86.52 81.65 89,98 89.82 8§8.24 82.69
2 loose photons 5342 5366 5413 5492 5521 5579 5692  57.19 5696  57.33
Trigger match 48.43 49.46 49.14 52.63 52.49 50.88 55.57 55.65 54.47 52.29
tight ID 40.75 41.91 41.52 44.61 4441 4281 46.87 46.93 45.85 4371
isolation 32.83 3578 34.68 39.36 38.81 3577 42.31 42.05 39.74 36.32
rel. pT cuts 30.54 316l 30.81 35.43 3477 31.78 38.92 38.53 35.90 32.00
My in [105,160]GeV | 2993 3098 30.14 3467 3394 3073 3817 3769 3473 30,70
b-veto 25.04 24.53 23.71 26.65 2597 22.89 28.65 28.14 25.25 21.89
At least 2lep 12.82 1297 12.87 13.79 13.86 13.75 14.16 14.69 15.67 13.50
pass Ww2l 10,13 9.66 6.13 9.94 6.21 5.69 9.99 6.26 6.18 5.16
pass ZZ21 2.64 3.24 6.68 3.77 7.60 7.99 4.08 8.35 9.40 8.25
WW2l-em 0.07 0.09 0.08 0.09 0.09 0.13 0.11 0.11 0.14 0.11
fall to 1lepton category | 8,52 8.06 7.69 8.76 8.32 6.26 9.56 9.20 6.33 5.53

Table 6: Efficiencies in percent for event selection for signals.
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X 750 750 750 750 750 1000 1000 1000 1000 1000
S 170 200 300 400 500 170 200 300 400 500
WWII, DSID 800953 800954 800955 B00956 800957 800938 B00939 800940 800941 800942
All events 100 100 100 100 100 100 100 100 100 100
No duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 100 100 100 100 100 100 100
Pass trigger 93.90 9392 9360 9295 90.06 9570 9556 9569 9569 9531
Detector DQ 93.90 93.92 93.60 92.95 90.06 95.70 95.56 95.69 95.69 95.31
Has PV 93.90 9392 93.60 92.95 90.06 95.70 95.56 95.69 95.69 95.31
2 loose photons 66.12 6598 6550  64.81 63.87 7026 7003 6993 6935  68.60
Trigger match 65.35 65.15 64.43 63.04 60.41 69.85 69.62 69.50 68.81 67.87
tight ID 55.30 55.05 54.46 52.80 50.27 59.30 58.99 58.67 58.08 56.94
isolation 51.01 50.75 49.51 46.92 43.19 55.65 5544 54.89 53.74 51.84
rel. pT cuts 4792 4761 4604 4300 3847 5312 5295 5220 5081 4879
myy in [105, 160]GeV | 47.57 47.12 4522 41.89 37.09 52.87 52.51 5155 4992 47.62
b-veto 4145 4108 3916 3633 3217 4553 4514 4430 4294 40.86
llep 21.69 25.62 27.08 24.90 21.87 19.71 25.60 30.14 29.57 27.95
pass WW 11 16.62 2031 2232 2098 18.68 15.49 2095 25.37 25.19 24.01
WW2I, DSID 800973 B00974 800975 BO09T6 800977 800958  BO0959 800960 800961 800962
All events 100 100 100 100 100 100 100 100 100 100
No duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 100 100 100 100 100 100 100
Pass trigger 05.43 95.31 95.49 95.37 94.10 96.61 96.77 96.84 96.88 96.82
Detector DQ 95.43 95.31 95.49 95.37 94.10 96.61 96.77 96.84 96.88 96.82
Has PV 95.43 95.31 95.49 95.37 94.10 96.61 96.77 96.84 96.88 96.82
2 loose photons 63.62 6333 6321 62.85 6267  67.11 67.07 6716 6686  66.30
Trigger match 62.94 62.62 62.21 61.51 59.53 66.77 66.70 66.76 66.37 65.70
tight ID 5372 5375 5321 5264 50.85 5743 5728 5733 5691 56.27
isolation 49.43 49.29 48.39 47.13 44.22 53.56 5349 53.36 52.56 51.50
rel. pT cuts 46.18 46.00 4478 42.90 39.40 50.90 50.75 50.38 49.46 48.15
myyin [105,160]GeV | 4532 4496 4335 4095  37.02 5016 4981 4912 4784  46.02
b-veto 42.79 42.47 41.01 38.49 35.14 46.94 46.63 46.05 44.92 43.22
At least Zlep 23.96 25.67 26.20 24.56 22.24 24.54 28.04 2991 29.17 28.33
pass WW2l 23.65 2475 25.38 24.11 21.87 24.14 2697 28.89 28.49 27.84
pass 7721 0.17 0.74 0.63 0.29 0.16 0.22 0.86 0.80 0.42 0.22
WW2l-em 11.90 12.65 12.93 12.22 11.08 12.22 13.90 14.75 14.40 14.12
fall to 1lepton category | 12.27 12.52 12.14 11.62 10.76 13.54 13.04 12.99 12.88 12.34
7721, DSID 800993 B00994 800995 BO0996 800997  8O0YTE  BO0D9T79  8OOYBO  8ODYE]  80OOYR2
All events 100 100 100 100 100 100 100 100 100 100
No duplicates 100 100 100 100 100 100 100 100 100 100
GRL 100 100 100 100 100 100 100 100 100 100
Pass trigger 92.35 92.38 91.98 90.73 87.54 94.41 94.56 94.45 94.11 93.63
Detector DQ 92.35 92.38 91.98 90.73 87.54 94.41 94.56 94.45 94.11 93.63
Has PV 92.35 02.38 91.98 90.73 87.54 94.41 94.56 94.45 94.11 93.63
2 loose photons 5989 6004 5963 5901 5835 6346 6358 6361 6333 6262
Trigger match 59.27 59.25 58.55 57.46 55.16 63.09 63.17 63.14 62.80 61.87
tight ID 49.98  50.14 4917  48.08 4578 5339 5343 5322 5285 5168
isolation 45.90 46.00 44.42 42.29 38.80 49.83 49.88 49.41 48.66 46.80
rel. pT cuts 4291 4297 41.25 3870 34.58 4748 4740 46.85 46.02 4398
myy in [105,160]GeV | 4222 4223 4022 3743 33.09 4695 4678 4599 4492 4268
b-veto 30.66 30.57 28.53 26.06 22.68 33.10 32.64 31.58 30.64 28.72
At least 2lep 13.68 14.63 17.85 16.51 14.55 12.22 13.08 19.37 19.46 18.42
pass WW21 9.64 6.18 6.58 5.93 5.20 872 5.85 6.76 6.58 6.17
pass 2721 3.95 8.36 11.15 10.48 9.25 3.39 7.12 12.48 12.72 12.14
WW2l-em 0.11 0.13 0.17 0.18 0.16 0.12 0.10 0.20 0.21 0.21
fall to llepton category | 10.88 1059  6.77 5.98 5.06 1207 1217 712 6.21 5.84

Table 7: Efficiencies in percent for event selection for signals.(Continued)
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BDT variables ATL

EXPERIMENT

* mw (jJj), the hadronic W boson system reconstructed from di-jets which has the closet mass to the
W boson mass.

Following 13 variables are used for WW 11 BDT training; * mt(W)), the transverse mass of the leptonically decay W boson (reconstructed from signal lepton

and Emis:i)‘
AR(j, j), the angular difference between two jets. T
Following variables are used for WW?2I BDT training:

AR(S), the angular difference between two bosons from § decay (aka AR(V, V)).

* AR(I, j)), the angular difference between lepton and jet.
AR(X), the angular difference between H and S from X decay (aka AR(S, H)).

. * AS, the angular difference between two bosons from S decay (aka AR(V, V)).

AR({v), the angular difference between signal lepton and neutrino from W decay (aka AR(¢, ET"**)).

* AX, the angular difference between H and S from X decay (aka AR(S, H)).
AD(yy, £1), the polar angle difference between di-photon system and signal lepton.

_ * AD(yy, (1), the polar angle difference between di-photon system and leading signal lepton.

EF"™, the missing transverse momentum. _

* E", the missing transverse momentum.
pr(yy), the transverse momentum of the di-photon system.

) * pt(y7y), the transverse momentum of the di-photon system.

pr(S), the transverse momentum of di-jets+{+E7"* system.

* pr({}), the transverse momentum of leading signal lepton.
pr(JJ), the transverse momentum of di-jets system. .

* p1({v), the transverse momentum of £;+EJ"* system.
pr(£1), the transverse momentum of signal lepton.

* Am(X,5), the mass difference between reconstructed X and § particles.
Am(X, S), the mass difference between reconstructed X and § particles. W
* my ', the transverse mass of the leptonically decay W boson (reconstructed from signal lepton and

E.-III-HSS).

* mye, the invariant mass of di-leptons system.
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2| distribution
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Events

Data / Pred.

For 2I, wwlelm, zz2l regions, the spectrum is clear.

_ ATLAS  Internal --data 1.0 —
~ is=13TeV, 139 fb ' ] X1000_S400 6.2
~ X1000_S400 Il Sherpa 0.1
_ 2L,BDT=0.5 I Vyy. tyy 29 ]
~ Post-Fit [CagH 0.0
N B VBFH 00 ]
o D vH 0.1
- Bl 0.0 A
N WtH 0.1
B B dihiggs 00 A
i Total 94 |
- Uncertainty ]
pS _

110 1F:'EI 130 140 150 160
m_yy
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Events

Data / Pred.

™ [ I U D N U N L O B | 7T T T4
— ATLAS Internal --data 10
- is=13TeV, 139 b ' ] X1000_S400 62 -
- X1000_S400 [ ggH 00 ]
— 2L,BDT=0.5 [ VBFH 0.0 —
_ Post-Fit W vH 0.1 ]
- it 00 A
- B ttH 0.1 _|
B W dihiggs 00
L [ISM_CR 1.0
o WSV SR 0.2
= Total 7.6
B Uncertainty i
_. ]
:_‘!_1._. S N - !_
= E
110 120 130 140 150 160
m_Yyy
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Variable Correlation

Correlation Matrix (background)

Linear correlation coefficients in %

100
MT_Wi1 R | '10. 1:23 11 12 13. 1 5 100
M [ R 9 9 627 10 9100 5

M_XminusS -8 -15-.4 2 9_25 g 10008 1
A 1 e 13 20 27 34100 8 104§

pL_jj -39 .4 -4 -14 100. 25 27 13
pt.S -18 -23 -14 -10 29 100 27 6
YA 1 =16 =20 912 -7 1§21 100 20 9

met -12 -3 -10 -23 100 §21 329 13 9 9

Dphi_yyl1 -1 1(100 1 1 2 1 —20
Dr v 7 3 100 1 -23 .7 -10 <14 -11 -4 -2. _40
px [ A 101214 -4 -11.88] 9 -10
N folio0l8 3 32003 .4 116 6 1 B

Dr_jj 100 10 11 7 -1 -12 -16 -18 -39 -11 -8 . -5 -80
Xmass [il] -1

A i O S X0 oy PSP LM gl T,

Correlation Matrix (background)

Linear correlation coefficients in %

100
MT_wi1 = =11 - 23 — 14 -100
m_ll 10 18 71 67 5 100.
M_XminusS 13 62 -

pt_Iv 22
pt_ 16
pt_yy 15 100_ 62 18 23
met - 100 15 16 22 13 10.

Dphi_yyl1 100
Dr X 10 100 15 9 -5 -6- 1 -1 -40
Dr_S =7 | 100 110 2 22 112 12 17 3 5| [
Dr_j 10077 =28 18 7 8 10 12

Xmass {01 1

Or o Or o Or : Ot o Pty Py, M A
Hmast g O3 O x %Uu"’?‘ £ 3y PLty PLy, Jc,,,ﬁusés’”tw,
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All the variables in the BDT has small
correlation compared to m_yy.

1 lepton bkg: S400 signal

2 lepton bkg: S400 signal

Kaili

Correlation Matrix (signal)

Linear correlation coefficients in %
100

MT_ W1 | e 2 15 -3 1100

5 6 1000 1
2611007 6 =3

pt_I1 3 - 10 1003268 5

pLij 100 10-

J8 2 7 -
25 4138/ 11 6

-20 -28 36 -3 .

CRaBe 2 3100 : 5 1.29 12
Y32 (38100 3 15 231 13 939 18 1
12010088 3 17 1031 a2 -3 -7 [l 4
Kmass pRlE b oL . 77 — 84 5 <5
A i O S X0 oy PSP LM gl T,

Correlation Matrix (signal)

Linear correlation coefficients in %
MT_wi1 - 6 19 -14 -15 -14

m_ll 14 3 . 210 =1 100

M_XminusS 65 21 .100 -1
oo [

pt_1 =17 223 100

-100

100

pt_yy 251 100 323
met - 100 325
Dphi_yyl1

Dr X —40
Dr S -60
Dr_lj 3 9
Xmass 75 6 -1

-100
O 4 Or o Or o Opgy My Pt 08 1 B8, My m o M7
%J; T8 Xx '-chf g Py Bl Ml Wy
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202
September 26, 2021 Draft version 0.1

Search for X — S H model in the final states of two
photons and multiple leptons using 139 fb~! of
proton-proton collision data at Vs = 13 TeV recorded
with the ATLAS detector at the LHC

Yaquan Fang?, Kaili Zhang®, Zhijun Liang®, Bo Liu®, Xinchou Lou®*®, Qiyu Sha?,
Shuiting Xin?, Wei-Ming Yao®

*nstitute of High Energy Physics, Chinses Academy of Sciences, Beijing, China
PLawrence Berkeley National Laboratory, USA
SUniversity of Texas at Dallas, USA

This note presents a search for a new heavy scalar particle X decaying into a Standard Model
Higgs boson and a singlet scalar particle S using 139 fb™! of proton-proton collision data at
the centre-of-mass energy of 13 TeV recorded with the ATLAS detector at LHC. The explored
X mass range varies from 300 GeV to 1000 GeV, with the corresponding S mass range being
from 170 GeV to 500 GeV. This search uses the event signature of two photons from the
Higgs boson decay and one or two leptons (e or 4) coming from the process of § — WW/ZZ.
The observed (expected) upper limits at the 95% confidence level on the cross-section for
gg — X — Shis between X fb (133 fb) and Y fb (612 fb).
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https://gitlab.cern.ch/atlas-physics-office/HDBS/ANA-HDBS-2021-23/ANA-HDBS-2021-23-INT1
https://cds.cern.ch/record/2779977

Dihiggs multilepton:

Yy+2 lepton
Yy+Lepton+jets
Yy+Tau+jets
YY+OL
Combined

ATLAS Internal

{s=13TeV, 139 fb

2 lepton Fit
tau+jets Fit
lepton+jets Fit
OL Fit

Expected * 1o

Combined Expected 26 |

[ AR A T TN TN AN SR SR S BN
0 20 40 60 80 100
95% CL limit on SigXsecOverSM
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| s L uperim | s uper ik

23 2LSS 26
42 1L2tau 26
47 4Lbb 28
15.69 2LSS1tau 56
4L 49

Combined ~ 10.73 /s = 13TEV 139 fb K

2 lepton Fit |- ! B ' T
tau+jets Fit — _
4lbb Fit [— —
Expected + 16 |

4l Fit [—
Comblne{j _J' NI T N T N W |"|."|.I F%p?cfeﬁj |i|2lﬁl |_

0 20 40 60 80 100 120
95% CL limit on SigXsecOverSM

lepton+jets Fit —
OL Fit —

21SS Fit —
21SS1tau Fit [—
112tau Fit [—

31 Fit |—

Total multi lepton: 8.40.
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Background modelling SPATL
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":ED.DSS ATLAS Internal
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2| lepton dependance SPOATL

EXPERIMENT

the derivation between 0l and 2I:
[105, 160]: 3.29%
[120, 130]: 0.65%

250
200}
150}

100

50 |-
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