Exotic searches in the same-sign
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Same-sign phenomenolo gy
- Motivations
- BSM models

- SM processes
- Data-driven backgrounds
- Selection

8 TeV searches

- CMS (VLQ, T5/3)
_ ATLAS (VLQ, XD, SUSY, T5/3)
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Same-sign dllepton phenomenology
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Requiring 2 SS leptons suppresses the main background ttbar

b

— rare SM processes contribute W+
* W/Z boson + top decays (ttV) PR
- ttVYV, ttH = R
* Dibosons (VV)
> Tribosons VVV z 2
=
can be rejected by
Very pure channel : requiring additionnal bjets

highly sensitive to BSM



Same-sign dilepton phenomenology
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Many BSM models have 2SSL final states

q.q
Z H W~

Z, H W~

9.9

VLQ (pair production)

VLQ single production (here T5/3)

BSM 4tops (2UED-RPP)
Common final states :

/. | -28S leptons
> =22 jets (incl. bjets)
LW - large MET T
. <ﬁ - large HT v

BSM 4tops (sgluons) FCNC (tt)
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Same-sign dilepton phenomenology
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SM processes with real 21SS events

W

<« Fakes/non-prompt
(trident electrons, B
decays)

Charge mis-identification
for electronsonly — »

Dibosons ~ 10 pb

™ | V() ~ 400 fb

+ others :
VVV ~ 10 1b
VH ~ 100 b
ttH ~ 30 tb
tV ~ 10 tb

MC simulations

Data-driven methods
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Data driven methods
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Fakes/non-prompt

The fake lepton should not pass the
selection criteria

How to estimate it ?

Define 2 quality definitions :
- loose with relaxed criteria

(ID/1solation)
- tight standard analysis definition

Then, estimate in data the probability for
a loose lepton to pass tight criteria in
CR and apply 1t in SR

Charge mis-identification

The electron's charge 1s wrong
(high pT or tridents)

How to estimate it ?

Estimate the probability of flipping the
charge 1n a pure region (Z — et+e-) in
data

Then, apply the probability to MC
simulation of the contributing processes
requiring OS events



Analysis selection
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Relevant observables

wogre

+ isolation /
\ overlap criteria :

AR(lep,jet)
AR(e,mu)

,,,/;'\' - H'T sum of |pT| of
leptons and jets
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French lab involvements
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ATLAS 50 36 common a nalysis (VLQ, 4tops, T5/3)
- Clermont -

- Saclay

— » will focus on this analysis
(but also present CMS ones quickly)

&

- Clermont ~ Run2 preparation for early searches : both

- Saclay exotic (VLQ, XD, SUSY) and SM (4tops)
- Grenoble

CMS
As far as I know, no French CMS group working 1n 2ISS searches



ATLAS generic search

CERN-PH-EP-2015-060

e L o e e e e i Latkanie = PV s Tl

8 SR * 7 channels (ee,em,mm,eee,eem,emm, mmm)

-

Definition Name ¥ = .
e LT TR i Various signals (VLQ, b, single T5/3, 4tops)
Ny =1 ) SRVLQO . . .
400 GeV < Hr <700 GeV [Np =2 | Ef™>40Gev SRAOVLQL —> common SR's, different interpretations
Ny >3 SR4t1/VLQ2
| 40 GeV < E™S < 100 GeV SRVLQ3 o
No= 1 g5 o5 Gev SRVLO! Cut and count analysis
Hy > 700 GeV N — 2 | 20 GeV < EF™ <100 GeV SR4t2/VLQ5
b EMS > 100 GeV SR4t3/VLQ6
Ny 23 E™SsS > 40 GeV SR4t4/VLQT o . . . . . . ] _
Selection observables : Nb(jet), Nb(bjet), HT, MET L%‘104 = ATLAS %Eﬁﬁ; ) —
3 - _ -1 [ ] Eakt—ijrjllon-prompt leptons =
SRVLQ6/SR4t3  SRVLQ7/SR4td 10 Vs=8TeV,20.3fb =L E
tIEW/Z 2.46 £ 0.11 &= 1.06 0.57 = 0.05 = 0.25 10° =t %'Smiﬁﬂe; %E
ttH 0.44 4+ 0.04 = 0.06 0.08 &= 0.02 £ 0.02 10 e [ —— -
Dibosons 0.04 = 0.12 &= 0.03 0.00 &= 0.12 £ 0.00 =

Fake/Non-prompt 0.00 £ 1.02 £ 0.28

0.04 £ 0.83 = 0.24

‘/

@
C
c
[l
©
c
o
w

Q mis-Id 1.09 £0.14 £ 0.34 0.30 = 0.09 £ 0.10
Other bkg. 0.23 = 0.08 &= 0.05 0.14 £ 0.08 £ 0.08
Total bkg. 4.3+ 1.1x1.1 1.1+ 09x04
Data 12 6

p-value 0.029 0.036

SR410 SR4t1

SRVLQD SRVLQ! SRVLQ2 SRVLQ3 SRVLQ4 SRVLQ5 SRVLQS SRVLQ7
SR4t2  SR43

SR4t4

2.50 excess observed in SRVLQ6&7
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ATLAS generic search

CERN-PH-EP-2015-060
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tt\ I

Fakes : matrix method B V) (/e
St N =M Nlﬁr Estimation
N Ny

Tight = leptons passing the analysis criteria (1solation, tight ++) L NI oA
Loose = medium++ electrons, tight muons, no isolation Sed N1

(2 rf2 firn fif2)
Real efficiencies (r) extracted from high MET or mT(W) region M| 7 i rf2 iz fif2
Fake eff. (f) from low MET, mT(W) or high |dOsign| region nry rf2 firn fif2

\rir2 rif2 firz fif2 )
Systematics : choice of the regions, statistics, MC substraction NL = N4 NG+ AR

— 70 % uncertainty in final SR

1.2 1.2

- 1=
* —— . —

0.8 0.8

+ Real electron

Cross-checked with OS regions,

06—

. a A 5 0'6:_ 1 Fake electron
different triggers, other 1solation, | :
0.4 e 0.4
to understand the excess. : s :
0.25:1_6__':_—"-'— o N 0.2
O 62 04 06 08 T 13 Ta e s 2 b5 b4 %20 a0

| 1 cluster (e)

I 1l I
r1faN; + firaNg, + f1foNg

¢+ Real muon
¢ Fake muon

II|III|III|..
100

80

120 140
p, (u) [GeV]
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ATLAS generic search

CERN- PH -EP-2015-060
ISR EIRE b B i Gt S T o Ot 4 A Pty I SR ST I v e N st BN, gl el
Misid likelthood method N$F = (€ + €))Nij
P et
Charge flip for electron 1 and |

SS/OS events in Z peak — charge flip probability as f(pT, eta)
Extrapolated to high pT with ttbar MC truth matching

Systematics : likelihood stat, pT extrapolation, Z peak deﬁnmon

Yields in validation region for all the background in 2ISS and 31 channels

Charge flip prob.
fake removal) e —
e 30 % uncertainty 1n ﬁnal SR || range [0,50] GeV [50,80] GeV [80,100] GeV [100,200] GeV [200, 1000] GeV
[0,0.8] 0.000565 0.000708 0.00178 0.0024 0.00427
Trldent fake le t01’1 OVCI‘la I'emOVGd [0.8,1.1] 0.000909 0.002 0.00739 0.00869 0.0168
p p [1.1,1.37] 0.0025 0.00162 0.00552 0.0066 0.00686
[1.52,1.8] 0.00844 0.0087 0.0195 0.0266 0.0303
[1.8,2.3] 0.0128 0.0155 0.0393 0.0467 0.055
[2.3,2.6] 0.0315 0.0349 0.053 0.0606 0.123
Sample ee el Iy
Q mis-Id 136 + 2 + 41 118+ 1+35 — Sample ece eep efipt pps
Fake/Non-prompt 153 + 11 + 107 995 + 11 + 158 99 + 3 + 90 Fake /Non-prompt BO+23+56 1324244092 17T94+284+125 1.344+0554+0.94
W2 L57£010 L188 149408158 8434 0.97 4 356 HW/Z 1204009046 2550.13£087 338+£016£115 2704 0.14:1.00
FH 090 4 0.04 £ 004 13140081013 076 0.06 L 007 HH 0.07+0.024001 028+003+003 03240034003 0.14+0.02+0.01
Dibosons 5574+ 0.45+1.08 159408429 9.00+0.58+ 1.79 Dibosons 5.78+051+£1.14 67840574133 8424057178 9.23+0.6541.82
Other bkg. 03240114011 0.7540204020 0.2740.06+006 | Other bkg. 0.04£0.02+002 01140024002 01240022002 0.15+003£0.03
Total bke, LIl 37 Iiiiie L3100 Total bk 151+24+57 220+25+04 301+28+127 13.6+09+24
Data 271 307 52 Data 15 18 36 14
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ATLAS generic search

CERN- PH -EP-2015-060
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Exclusion limits : 4tops

For 3 models :

- contact interaction
- 2UED-RPP
- sgluon

Limit at 95 % CL on SM
cross-section : ¢ > 70 tb

BSM contact interaction : |C|/A* >15.1
and cross-section ¢ > 61 b

Sgluons limit at 95 % CL m>0.83 TeV
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& fs=8TeV, 20.3fb" ]
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5 - - 95% CL expected limit
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N = 200 95% CL expected limit
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ATLAS generic search

For various BR (T — Wb) and (T — Ht)

ATLAS
Vs=8TeV, 20.3 b

BR (T — Ht)

5 % 0.10.203 04050607 0809 1
g BR (T — Wb)
ATLAS

BR (B — Hb)

0

ey T =

{1'_

||'-|.'-|--'

Vs=8TeV, 20.3 "

0 010203040506070808 1

BR (B — W)

o o
© ™
o
V]

0.75

Expected 95% CL m. limit [Te

0.35

0.85
0.8
0.75
0.7
0.65
0.6
0.55

o
[4)]
Expected 95% CL m, limit [TeV]

S o
&

0.35

BR (T — Ht)

BR (B — Hb)

0

0 010203040506070809 1

0

ATLAS
Vs=8TeV, 20.3fb"

BR (T — Whb)

ATLAS

Vs=8TeV, 20.3 b

0 0102030405060.70809 1

BR (B — W)

0.35

0.85 o
08 £
0.75 E
0.7 &
_l
0.6 §
(%]
. =]
[1h]
05 £
a
0.45 &
0.4

0.35

o(pp—>Ts/3T5/3)) [pb]

Single production too conservative

10’25

10° kB

CERN- PH-EP- 2015- 060

Lt A bt b o e TR i PYR

Exclusmn limits : VLQ TT, BB and T5/3

L | I TT1 I T T 171 | LI I LI | [ T
= —®— 05% CL observed limit =
==+= 853 CL expected limit

[ = 1o 85% CL expected limit
[ ] =20 95% CL expected limit

7777 Theory

Pair Production

B
: il
i

- ATLAS | -

F BTeV :aosm1

0'65 0? 0?5 oa 035 09 095
mr5;3 [TeV]

T5/3 — tW 100 %

m(T5/3)>0.74 TeV (PP)
m(T5/3)>0.75 TeV (PP+SP)

 Assuming singlet BR : m(B)>0.62 TeV and m(T)>0.59 TeV
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ATLAS generic search

CERN- PH -EP-2015-060

VOIS ELIRE A . Tt S v s T A Tty o N ST AT I b e N Y st e AR e s ol
5:’12__' | Ak AR I__ I | Y I'__
Tested for 3 chiralities (LL, RR, LR) 102 . .
No excess found 1n tt specific regions 8- . .
6r ] .
- ATLAS ] ATLAS -
_ — 7T : _ 4r Js=8TeV, 203" | Vs=8TeV, 203" |
Model a\pp — tt) ﬂ] C Hllllllllgl const. b "1 Excluded region at 85% GL - [ Excluded region at 85% CL
Exp. Obs. Observed )2 oo o Ol araad - o4 CL experted limit
- . - : t e R —— £ [ = 1o 55% CL expectad limit 7] I =+ 1o 95% CL expectad limit |
Contact interaction model |( |"t‘ | el h] St | | II_II :Ecrls.":%l‘.'.‘imec;:tcn ||'|‘Il1_i | | | ll_|| :EcIISS%CEmepclcmn urln_l
Left-left 64 62 0.053 %476 8 10 12 14 16 18 20 %476 8 10 12 14 16 18 20
Left-right 53 51 0.137 A [TeV] A [TeV]
Right-right 10 38 0.042 (a) (b)
Higgs-like FCNC model KutH O Ketl
uu — tt (my = 125 GeV) 37 35 0.16 — T T T — | T T et T P o T T T T T
un — tt (my = 250 GeV) 21 20 0.17 « 12 7 ljy | I_' 5 0 95— ~ ANAS e
25 | QO {1 = Ut 5 =8 TeV. 203 16" :
uu — tt (my = 500 GeV) 12 11 0.20 10E ] 0.8E 3
. .. . E _ L - m=750 GeV k
uw — tt (my =750 GeV) | 9.3 8.4 0.24 £ 1 0.7E E
R — 950 GeV) -1 6O 0.81 gL N i: -~ m =500 GeV :
ce = tt (my = 25 (_;E \ .{ }: ].-”J i ] 0.6F m, =250 GeV 5
c — t = 500 GeV 37 35 02 : i : :
ety = 9t Gev) ' 6 ] 0.5F ~] Excluded at 95% CL =
cc — tt (my =750 GeV) | 28 27 1.29 g ] 0.4E 2
: - ATLAS - E ]
4c Vs=8TeV, 203" | 0.3t =
< =1 Excluded region at 95% CL - ety E
" 95% CL observed limit 1 02__* - ]
P L. 85% CL expecled limit ~ —] -
E [ = 1o 55% CL expectad limit | —
l CL # l RR e # 2 - I IIIIIIIII?IZI.EI(J-lSIE?.’OIE‘iLI&:(ITDFtF? III?1I ] |II|IIIIIIII|II|IIIIIIIIIIIIllIIIIIIIIII IIIIlII.lE
Lit = 5733 F(uny#tu) (uLyute) + 5 A2 (urYtR)(URVuIR) %476 8 10 12 14 16 18 20 % 0.102030405060.7080.9 1
1 CLRr 100k (5 — ATeV K
— gad (uLy#tL) (urYutr) — 538 (ULaY*trs) (URHVulRa) [Tev] ctH
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Exclusion Iimits

ATLAS generic search

' b'

g

o(pp — b’b)[pb] x BR(bD’ — WtW

CERN PH -EP-2015- 060

For BR(b' — tW)=100 %
b' pair production excluded at 95 % CL for
m(b') <0.73 TeV

With different BR(b' — tW) and BR(b' — cW)

L I ] 1 1 1 | 1 1 L] ] I T 1 1 1
1E ATLAS -
: (s=8TeV,20.3f5" 3
10'E E
102 E
T —e— o550 L observed imit : ]
E =
| -eee-es 85T CL expected limit |
1 D_,']. - I:l + W B5% CL expected limit ] —
g + 2o 85% CL axpacted limil . . -

- = Theory [BR{b' — W = 100%]

1 1 1 1 | ! 1 ] 1 | ] 1 1 1 I 1 I ] ] 1 Il 1 [l 1 1 I 1 1 1 1
04 05 06 07 08 0.9 1
m, [TeV]

BR (b' — cW)

1 09 = g 1 09 <
[ ATLAS 085 & O ATLAS 085 2
- ‘s=8TeV, 203" ; il - s=8TeV, 203" .
0.8} s=gie 08 E 3 o08F 's=01e 08 E
- 0.75 g” e - 0.75 g
0.6 07 O 0.6 07 O
0.65 & 0.65 &
L [ )] = ]
0.4 06 B 0.4/ 06 3
055 % 0.55 5
- g : Z
0.2 05 0 0.2 05 S
: 0.45 - 0.45
% 02 04 08 08 ] o4 % 0.8 1 04
BR (b’ — tW) BR (b’ — tW)
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CMS VLQ B with charge -1/3

B2G-12-020-PAS

SR ELKE A A, Tt RS P A 84ty S 38 S S e S5V ot = BT a1 v o
M 600 = Sy < 800 BOO < 5y < 1200
Data 5 6
SeleCted events : . . Backg d Estimati 645 = 067 (stat) = 205 (sys) | 339 + 044 (stat) + 117 (sys.)
51 SS st 3 For BR(tW)=100 %, CL limit e e
€ Strlct no mepi-}{_m}]'-‘mmpt 223 l‘J.'_'w.':
£ (na3) m(B) > 0.8 TeV e I B
- at least 4 Jets e 600 < 51 < 800 500 < 5, < 1200
Data 5 4
= = —I— 1 . [ Background Estimation | 67— 079 jstet) = 265 (sys) | 452 = 056 (stat) + 143 (sys)
ST HT MET reglons AISO fOI' various BR Prompt-Frompt 3.58 242
g % h 1 mepi-f\m}]jmmpt 4.3}. 166
(5 blns 3 C anne S) NonPrompt-NonPrompt 0.15 0.14
Charge Flip 0.63 0.30
Cut and C()unt analysis Jie 600 < 5y < 800 BOD < 5y < 1200
Data 9 8
s : A 2 | Backg d Estimation | 14.14 = 133 (stat) = 4.31 @sys) | 1077 = 115 (stat) = 3.28 (sys.)
Misld rates estimated from MC : systematics ~30 % rompifmpt | T s
= - 1 mepi-?{m}]jmmpt E:.Sé 4.&%
Fakes estimated with MM : systematics ~50 % NonPrompt-NonPromp 013 013
CMS Preliminary 19.6 fb™at {s =8 TeV  Br(b' — tW:bZ:bH)=100: 0: 0
o 10°F E
; F - Prediction 1o - CMS Preliminary . CMS Preliminary )
o) 3 — Observed Limit [ ]2¢ ] BR(W) det: 19.6fb, fs=8TeV BR(W) ILdt:m.s fb, (s=8TeV
~""F - Expected Limit _f s M 0 O
5 i q 2 = e
5, 750 @ = =750 2
§ 10° = a 0.8 -— a
o =700 o L = 700 o
{ s
Dg o E ~{650 ;E‘ 06[ ~ 650 :'=?
: . -] 0 [ : 2
[ —{600 E B ~{ 600 5
| | 0 7]
1 g E % —550 ; S e — 550 u;
g & s . g
o = - \\"‘ﬁ\.\ —1500 5 Q\\\\\‘ \\%\ “\%%\_. oo =
: N e & & L\ Y o &
I T T T T BR(bH) BR(b2) BR(bH)
400 500 600 700 800 900 1000
M, [GeV] 16/19




CMS VLQ T with charge 2/3

Physics Letters B 729 (2014) 149-171

e T e e Lt PIR

Selected events :

- T — tZ/H (no bW)
- 21 SS, pT>20 GeV

- at least 3 jets
- HT > 500 GeV

-ST=HT + MET > 700 GeV
Cut and count analysis

CMS {s =8 TeV 19.5 fb!

,% ;[ Same-sign dileptons
gﬂ) ; ¢ Data

% 1 02 f_ |:| Multi-bosons
s g 777/ Uncertainty
- F

= qoL1|® .

|_| ti+bosons
[ ]| Non-prompt
----- TT 800 GeV (x 100)

Fig. 5. Observed and expected distributions of St for the same-sign dilepton sample.

The arrow indicates the chosen requirement.

200 400 600 800

1000 1200 1400
S, [GeV]

T Sy
CMS Vs =8 TeV 19.5 fb™!
2 | -o- Observed 95% CL
o 1= ---Expected 95% CL
~ +16 expected
L +20 expected
107 B s
G = “theory
10-2 =Ny eI
10° &
[ 1 ] 1 L 1 J 1 L 1 I 1 1 1 1 1 1 l 1
600 800 1000 1200 1400
Nominal BR (50-25-25) M, [GeV]
Channel 55
tt -
Single top quark - ik 4 2
z . For BR(tW)=100 %, CL limit
ttw 5.8x19
m(T) > 0.7-0.78 GeV
Ww 0.53 =£0.29
wz 0.34:£0.08 (BR dependant)
ZZ 0.03 =0.00
WWW /WWZ/ZZZ/WZZ 0.13 = 0.07
ttWw -
Charge misidentification 0.01 = 0.00
Non-prompt 789443
Total background 16.51+:4.8
Data 18
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Selected events :
- Pair prod only

- Boosted analysis (enhances 10-20%)

- 21 SS

CMS VLQ T5/3

CMS-B2G-12-012

WWWN-E%" it - 0 4 T el (R D ankal. PRSRgToT __wﬁﬂ

- at least 5 constituents

-HT > 900 GeV

Cut and count analysis

~CMS _ L=19.5f"

10°F

Events / 200 GeV

\E—BTeV _

¢ Data
4
CIW=W=°

. wWww E

1w

W
1 Charge misid. -
:I Non Brompt E
8TeV)

Pull

CMS L=195f" (s=8TeV
— L N N B RN I I
i 1k —e— Observed Limit
< - Expected Limit
+ [ ] Expected Limit + 1o
e = [ | Expected Limit + 2o
95 % CL hmlt T Signal Cross Section
m(T5/3) > 0.8 GeV = \ BF(T__ - tW") = 100%
s \
+ . .
t N ~\
E - ‘-" -
”_m _‘:_._f—l—.
= AN
L
m 103} N
x III| II|I |||| ||||| III| II-|I
No excess ° 400 500 600 700 800 900 1000
found T,,, mass (GeV)
Channel ee ey UU All
Same-sign 0.8 +0.2 1.9+ 04 1.3+£03 4.0+0.8
Chrg. misid. 0.06 +£0.02 0.04 &+ 0.01 — 0.11 +£ 0.02
Non-prompt 19 =x1.2 0.6 £ 0.9 0306 28+19
Tot. bkgnd 27+1.3 25+1.0 16+0.7 68+21
Obs. events 0 6 3 9
T5/3 2.1 +£0.1 47+ 0.3 28+02 97405

0 200 400 600 800 1000 1200 1400 1600 1800 2000

H, (GeV)
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Conclusions

4 . = 2 =y F o B L] it e a 2 ’ A
mmhﬂh - A, Pl == L™ ":m_;_ﬂ‘fl-. .“ﬂ‘---m__‘._'ril--a El-.uﬁ%“;!kwwmw

Same-sign used for VLQ searches : very pure channel
but needs some work on data-driven methods

CMS does not see any excess, ATLAS has one.

Run2 preparation : new members from
Clermont/Grenoble, new signals ... so new physics ?
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