Charginos and sleptons direct production searches
with 2 leptons, MET and no jets with ATLAS and CMS
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A Natural Spectrumg_,

SUSY cross sections (pMSSM) TS i

‘ i “Distant
| TeV —L it | Cousins”
. . . The “Nuclear Family” |
- R parity conserved = sparticles produce by pairs of the Higgs
, L. Hall
- LSP = neutralino 1 500 GeV. | : LBL Workshop
_ & ogll B & 21-Oct11
— Consider a natural spectrum : M — ‘ : 1 il
R +)B

- higgs naturality : M(g) ~ 1 TeV, M(t) ~ 400 GeV
- Experimental limits : M(g) > 1 TeV, M(t) > 600 GeV
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«—— Closeness to Higgs
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— Largest XS for charginos/neutralinos CulPbl: pp = SUSY

VS = 8 TeV

- Light charginos needed in natural scenario

- light sleptons allowed also

- For M(y,*") = 100 GeV & M(g) = 1 TeV 2
XS(x, 2 +-) = 100 * XS(gg) = (1 - 10) pb

1 | [ A | | — ] 1| ‘ | | l I | | 1 | |
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average

— Low mass charginos can be the first visible SUSY particle at LHC
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http://arxiv.org/abs/1403.5294
ATLAS . . . .
Direct chargino and slepton pair production

— 3 scenarii considered

Charginos in sleptons Direct sleptons Charginos in W on-shell
Optimistic scenario Allowed in pMSSM framework Realistic scenario
Harder, leptonic BR

(no BR cost thanks to the sleptons) Right and left handed cases
“a considerable hole in

current searches at

LHC”arXiv:1309.0528
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— Basic selection : exactly 2 OS leptons , jet - veto , E,miss
— Main background Dibosons (mostly WW) and top
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ATLAS
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Selection - 'a la Higgs'
- For low mass charginos in W
- Topology close to SM WW and H -> WW

- based on E;Missrel and p(Il)

SF channel
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- With these cuts :

A® Lj = min (A®(MET,l), A®(MET,j))

if Agy; > /2

miss
Emiss,rel _ ET
I EMSSxsinAgy;  if Agp; < /2
DF channel
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( M(X;*) =100 GeV , M(X,% =0 GeV ) : 42 events, eelep/up S/ VB =2.5 with AB = 15%

=> E,missrel and p.(ll) have a good discrimination power for M(X,*/") < 120 GeV
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ATLAS Selection - M,

- For high mass charginos in W and in sleptons, direct sleptons

- Using high mass of the SUSY particle
_ M7 = n'un[nmx (mT(pT qr). m (pT p%““ qT))]

SF channel DF channel

= 1 0Ei S5 L L L L L L L L B LB L L B > 1 05 E‘ LA L L L L L LY L L L LI B LB '?
& ATLAS, \s = 8 TeV, 20.3 fb” 83 F ATLAS, \s=8TeV,203 1" ]
o 1 05 ® Data [_] Non-prompt leptons o 1 04 E- @® Data [_]Non-promptleptons o
: . [ Z+jets ] Higgs :: 8 [ Z+jets [ Higos E
a 10 %:ﬁm [Zﬂ (Br#g an)ce (350.,0) GeV ® 0% E %t\'x’w [:1 Brhg nanfen(sso 0 Gov ]
c @z - (m,m A= (251,10) GeV c E 3
¢ 10° 2 L i
102 - .
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1 __ ......... S 5 é
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102+ 10%
= ) ‘ ‘ ‘ 2
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- With My, >90 GeV for X,*-in W
( M(X,*) =140 GeV , M(X,%) =20 GeV ) : 15events, S/ VB = 2.0 with AB = 15%
( M(X,*") =200 GeV ,M(X,9)=0GeV): 8events,S/VB = 1.3 with AB = 15%

=> mT2 have a good discrimination power for M(X,*/) > 120 GeV
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ATLAS  Signal Regions - Chargino with inter. W

Ilr[lllllIIIIIIIIIIII
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G 240 ATLAS

J Ldt=203f" Vs=8 TeV

I R e e
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— 3 SR for chargino [100,250] GeV mif [GeV]
- SRWW& 'A 1a higgs': ET miss,rel’ pT(ll), m(].].) CU_tS fOI' AM _ M(W)

- SRWW b and c based on m, cut for higher AM
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Signal Regions - Summary

Table 10: SR-mt, and SR-WW signal reeion definitions.

Signal region SR-mm(a/b/c) SR-WW(b/c) SR-WWa
p? > [GeV] 35
p? > |GeV] 20)
charge OS
flavour ee. e
Mgy — my| > 10 for ee and uu
central light jets =
signal b-jets =
signal forward jets =
E,IFISS'IEI [GeV] _ > 80
pr.a 1GeV] — > 80

mt2 [GeV]

> 90/120/150

> 90/100

mee|GeV

20 < myyg

0 < mygr < 170/ no cut

20 < mygp < 120

/

3 SR for direct sleptons, charginos with inter. sleptons

O,

3 SR for charginos with inter. W bosons
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ATLAS
Background treatment

— Dominant backgrounds are WW, tt and single top, and ZV :

- For them, semi data-driven are performed

- Control regions are built where SF are computed and used to scale MC

- For WW and top, only en is used (ee and pp channels are checked to agree)
- ZV CR with ee and pp channel

— Background in SR-WWa :

- Specific variables : E; missrel p (1)
- 3 dedicated control regions for each background

— Background in SR-WWb/c, SR-M ,a/b/c :

- 3 common CR, one for each background
— Other backgrounds :
- Fake leptons coming from light/heavy flavor jets (photons also)

- Estimated with a matrix method
- Minor backgrounds, Higgs, VVV, Z+jets estimated by MC only
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ATLAS

WW background in SRWWa

— WW CR definition

CR (P!L.p2) [GeV] | mr [GeV] | EX™™ [GeV] | prec [GeV] | me [GeV]
CRWW-WWa | (>35>20) - (60 — 80] GeV | >40GeV | < 120 GeV

— WW CR characteristics

= . B = . " - . - DF channel - WW CR for SR-WWa
Purlty (%) Slgnal 1mn CR(%) TF (%) SF 10t E '.' I 'Iilho'n_;r;”:m\le'mgnlsl T IAIT;_‘;SM ARRRERRS
85+2 13+£0.5 17.1+1.2 | 1.22+0.07 o T B /s =8TeV, 20.3 "
103 | [Ctawt ---(mi‘mf)=(1oo.0) GeV

E Wz

10% & % E

Events/ 10 GeV

- SF significantly greater than 1

- High purity and low signal contamination

- SF not applied in this plot

Data/SM

My, [GeV]

— Good agreement between Data and MC
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ATLAS

Events / 20 GeV

Data/SM

WW background in m, based region

— WW CR definition

— WW CR characteristics

0S v
Lepton Flavor e
£1 g . . .
Pr >35 GeV 7 (il jﬁ + 2
b & sl=dd purity 1¥1 o . 83.10 = 1.1:
mee >20 GeV contamination in % 16.90 £ 1.30
Npo =0 p
N ) S [.145 + 0.044 + 0.398
NF20 =0
mya >50 GeV, < 90 GeV
DF channel - WW CR for SR-my, and SR-WWhb/c
L e
E ,¥s = ev, . 3 . .
b © o Ehormmion | SF > 1 also in this CR
? CJww |:|E|kg.Unce_rt. . ? . ]
10° D MmO 4 SF differences with CRWWa agrees in error bars
@l ﬂ ] | o
ol ' | 1 - Good purity and low signal contamination
1 ;L: — Good agreement between Data / MC
10" =
102 bl
2 . .
1'51 li e o & &
O'g o , , | | , | DR Terascale - Palaiseau 10
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ATLAS

Background summary

SR-mT2.90 SR-mT2,120 SR-mT2,150
ee/uu e ee/uu eu ee/uu e

Background

ww 2205+4.27 1618 +£322 | 349+1.29 329+1.19 | 098+053 0.90+0.46

ZWorZZ 1285+£223 076022 | 494x+1.62 0.15+£0.08 | 2.15+£049  0.03 £0.02

Top 3.04+1.75  553+1.88 | 033103  0.00£0.00 | 0.00£0.00  0.00 % 0.00

Others 0.18+0.06 078x055 | 0.09£0.03 0.11£0.09 | 0.07x0.12  0.04 £0.03

Total 38.13+£5.09 2326+3.72 | 886208 355+1.20 | 3.19+£0.72 0.96+0.46
Observed events 33 21 5 5 3 2

AB 14.7 % 28.6 % 35.2 %
SR-WWa SR-WWhb SR-WW¢
ee/uu eu ee/ e ee/ el
Background
WWw ST75+548 5821 +£6.03 | 1644 +£254 1230201 | 10.38+£2.65 7.29+1.93
LW orZZ 1631 £3.50 1.82+048 | 1091191 056x0.18 | 921 +£2.12 041x0.16
Top 917352 11.55+432 | 237+£1.68 431 +1.60 D,62f5:£ 0.94 + 0.83
Others 3.3+ 1.31 2.01 = 1.1 0.32 +0.31 091056 | 0.12+0.04 040+0.32
Total 80.53+7.36 73.60x£7091 | 30.04 £3.53 18.07x2.60 | 20.34 +3.54 9.04+2.19
Observed events 73 70 26 17 10 11
AB 9.6 % 13.1 % 20.8 %

3 Juin 2014

— No excess observed, a slight deficit in SF channel
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http://arxiv.org/abs/1405.7570

CMS . .
"> Direct chargino and slepton pair production

— 2 scenarii considered

Charginos in sleptons Direct sleptons Xharginos in W on-shrél
Allowed in pMSSM framework Allowed in pMSSM framework Realistic scenario
Optimistic scenario Right and left handed cases arder, leptonig BR

(no BR cost thanks to the sleptons)

’ 4
» W

— Basic selection : exactly 2 leptons, jet - veto , Emiss
3 Juin 2014 GDR Terascale - Palaiseau
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CMS

Entries/ 10 GeV

Ratio

3 Juin 2014

Selection - Mﬂ

- End point at m( W ) for SM backaground, high value tail for SUSY processes
- Mgy = m*(va) + m* (V) + 2 [Er(Va) Er(vp) + pr(Va) - pr(Vp)]

- Take components perpendicular to the recoil direction of the system

CMS /s =8TeV L=19.5fb"
— 71 r T T T T T
10* et ¥ Data [EEE Rare SM
3 Top Bzt
3 0/ ww [ Mon-prompt
10 B Wz ---- m;: =500 GeV
— zz - mg: =300 GeV

102
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0.0 L
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L I
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Entries/ 10 GeV
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CMS Vs =8TeV L=19.5fb"
" T~ T T T T T
104 ete’ /utuT { Data [ Rare SM
= 1op  zn

0/ ww [ Mon-prompt
El wZ --== M;: =500 GeV
— zz - my: =300 GeV

107

102
10
DI g
10"
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1] E————— i i
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05k ! - I
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— Typical signal regions with M- > 120 GeV

GDR Terascale - Palaiseau
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CMS

Background treatment

— Dominant backgrounds are WW, tt, single top, and ZV :

- Similar approch as ATLAS
- Template built in control regions then normalized to data with a fit
- For ZV and top, independent control regions

- WW

- using a 3 lepton control region dominated with WZ
- Four momentum of 1 lepton is added to the MET
- WW simulation validated with this template

— Background in SR

- Binned fit from 10 to 120 GeV in M
- Extrapolated in M., > 120 GeV (signal region)

Sample Opposite flavor Same flavor

P Mct, 10-120GeV | Mcr, > 120GeV | Mcer, 10-120GeV | M1, > 120 GeV
Top quark 3770 =90 <04 2770 £ 110 0.35 £ 0.10
Diboson and rare SM 1430 = 110 4+3 1240 =90 9+3
Z/y" 57 £25 < 0.01 700 + 240 0.6 £0.3
Non-prompt < 81 < 0.01 659 £ 77 < 0.5
Total 5260 + 130 4+3 5370 + 100 10+3
Data 5309 5 5388 5




ATLAS
& CMS

— Interpretation in simplified models

- All SUSY particles decoupled except charginos and sleptons
- BR of 100 % for chargino in slepton

Limits on direct y,+- with inter. sleptons

;‘ 400 l 1 I I 1 | 1 1 I 1 I 1 I 1 I I I | I I 1 | I 1 | p— = " " | QMSI " | " “I’Elzl 8| TeI\I " v | |L |:|1 Ig'lt-} :rt)|-1 r r

8 - ATLAS === Observed limit (1cy201) %‘D 600 PP =% %, 95% CL CLs NLO Exclusions ]
‘—?' _350 - I Expected limit (+16,,) T 0] - 171 — b 441 1
g - [ Ldt=203 ib ,Vs=8TeV — ATLAS 47 (5=7Tev ] = [ o — Observed i, . .
- 7%, »2x ME) 52 xvi, M LEP2 ¥, (103.5 GeV) S 3 500 |- X, 1V ZI: Expectedio, . ]
300 L m:= (m_+m.;)/2 All limits at 95% CL ] = - e 0 - 0o - sxperime ]
T g - [ —>Fx1,v—>vx1 ..... My =My :
250 / - 400 -
|- L — | —_
200 N 7 ] 300 . .
S E 200}~ . : =
100 4 = - g
'-. - 100~ =
l: ! - 0 T 1 1 [l TR W AN SRR W AN T T T o | |‘ PRI A T M T S T

0 :‘ 1 1 | 1 1 | 1 ‘ l 1 | 1 I | 1 I 3 i 1 | l 1 : 200 300 400 500 600 ?00
100 200 300 400 500 600  m,=m.=05m.+05m. (=eu1) . [GeV]

m.. [GeV] oo 7 14 1

— Exclusion of chargino in sleptons up to M(y) > 550 GeV

3 Juin 2014
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ATLAS
& CMS

m_, [GeV]

[GeV]

M_o

Limits on direct sleptons

Right handed sleptons
350 L | | B ) ‘ L ‘ UL | T T 1 I 1 T 7T | L ]
E ATLAS —— Cbserved limit (+1 oyoo") E
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[ All limits at 95% CL ]
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= / ot |
L // i
200 - o -
C & ]
C 6@‘ s ]
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1

X
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10

95% CL upper limit on cross section (fb)

Left handed sleptons
; 350 C I T T T T | T T T T | T T T T | T T T T I T T T T I T T T T ]
ﬁ T ATLAS —— Observed limit (t10505) ]
Efg?g 300 __J' ldt=203 " (s=8TeV === Expected limit (+10,,,) o
L .Iﬁi o F‘xfl?o W LEP2 1 excluded ]
B All limits at 95% CL ]
250 — P -
B 7 ]
C // J
200 = % =]
r {\J‘; F 2
-[50 [ 6“'“ ..... o
L 7 i
100 [ -
50 —
0 I 1 l 1 1 | 1 1 1 1 | 1 1 I 1 | 1 1 ! Il .:I :I 1 1 Il I 1 1 1 L ]
100 150 200 250 300 350 400
CMS =8TeV L=19.51"
400 '|--'w"\{'gl"'ew""|""|"""_ __102
350 E— PP — EL EL ﬁL ﬁL CL CLs NLO Exclusions —E E
- — Observed+ 1o, 1 -
300 =0 o — -
E Br(lL =1 x1) =1 == ExpeCted i1O-e)(perirrlent ]
250 |- <4
200 = 310
150 |- =
100 N = -
50H S - ko —
:vllllllll‘\ll}ll‘n\|:|||||||||||||||||:21
00 150 200 250 300 350 400 450
m- [GeV]

95% CL upper limit on cross section (fb)

— Sleptons excluded up to 250 GeV (left handed) and 300 GeV (right handed)
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ATLAS

Limits on direct chargino with inter. W

— Interpretation in simplified models

B T I T T T | T T T T T T | T T T | T T T I T
100 ATLAS S Observed limit (+165,57)
ol J Ldt=20310" (528 TeV ~==-- Expected limit (+1c,,)

C 2 X -owWrwlz Il LEP2 7 (1035 GeV)
120 [ D All limits at 95% CL

S

— {(\’"L\_,
100 —

<
»)

| | | |""'1‘:| I |1 N

100 120 140 160 180 200
m. [GeV]
1

—y
o

~CL Limit on o/ gy

— Excluding chargino up to 180 GeV with massless neutralinos
— Several points excluding with massive neutralinos

3 Juin 2014 GDR Terascale - Palaiseau
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ATLAS

pMSSM Limits with light sleptons

- Reinterpretation in pMSSM models

M1 =100 GeV, tanf3 = 6 M1 = 140 GeV, tanf3 = 6 M1 = 250 GeV. tanB =6
i ~U ~U, M,=2 V, =6, T = 7° 70 2
M, 100 GeV, tan B - 6. m() = [m(7) + mET))2 M,= 140 GeV, tan B = 6, () = In(Z) + )2 Yty il s L i AR
;v 500 i‘ TT T T \l‘\‘F LI |!!| L I B B R RO ;‘ 500 e ‘\Il LEER A l" T P T [ty Tl el e T sl Te L] 0Ty T % \ i X !ATLASJ’Ldt_znsfb-I Vs=8TeV ]
8 i ; ‘ ! ATLAS, | Ldt=2031b", (s=8TeV ] 8 : ATLAS,]Lduzo.sfb-', (s=8Tev ] (O _i_i»! I | fpleiet S=ae += e .
g\‘ 5 | == Observed limit (&1 o;gj;) _: E‘ 450 | — Observed limit (+1 thl;g;) _: r 450 %‘, ! “ % w_\. ". — g:seggjlliummi;t((j Sheoy)  —
‘ Expected limit (£1,,) . 1 -- Expeécted limit (+10,,.) ] AL - pe +164) .
i xp! . 7] i it p ] = = : 1 s ]
400 | —— ATLAS 471" (5=7TeV 400 i —— ATLAS 471" Vs=7TeV 400 P VT ATLASHAT oy Tes Tel
\\ Al limits at 95% CL ] | ‘ ‘I Al Iimit# at 95% CL i : o All limits at 95% CL E
B By . .
350 ssofl 1B iE R s = 350 ex
SR I o | 4 I, ] \, n
13 g & iz N 5. \ ]
300 e ; \' ke é\ - ! ‘\.j,‘\(?fu Gev) .
250 E 250 [ | . Bttt = . 250 ~
‘ ; . ; %220 Gev)
20d 200 — 200 -
e e S — 150 1 150 =
2 : 100 v ] 100 ¥ S
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
n [GeV] n [GeV] 1 [GeV]

— Large improvements compared to LEP results
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ATLAS pMSSM Limits with light charginos

- Reinterpretation in pMSSM models
=50 GeV, tan p=10

;3000 = I|?| | ITTTT. | ELE | TTTT- I T T I ITTTI I I | 1 | TTTIT |
8 : ". 5'%.‘ ATLAS

= 500 B i“-! '1 [ Ldt =203 fb", (s=8TeV ]
= — Observed limit (+1 ofr'gf;] ]
450 1 ]
R Expected limit (16, ]
400 u - LER2 | —
i All limits at 95; o8 E
350 =
300 ]
250 -
200 “‘ IE!. e __ --------- N T:
150 &/ b =
R LI 1 TAERaIIRNY |"I‘I"|-Iri.lll.r‘;f-‘r'-i'-'i“i'lls I E.«vﬂ :

100 150 200 250 300 350 400 450 500 3000
u [GeV]

— Large improvments compared to LEP results
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Conclusion

— Search for direct production of charginos and sleptons in 2 1 + mET states

— Overview of the analysis done at ATLAS and CMS

— Final exclusion with 8 TeV data set

— No excess has been found compared to SM prediction
— Interpretation in several models

— Exclusion settled for chargino and sleptons production

— First LHC exclusion of chargino with intermediate W !

— Simplified model and pMSSM

— Perspectives

— Goal is now to setup analysis for 14 TeV

3 Juin 2014 GDR Terascale - Palaiseau
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— ZV CR definition

ZV background in SRWWa

CR (p!.p%2) [GeV] | m7) [GeV] E,'}““*'El [GeV] | pree [GeV] myee [GeV]
CRZV-WWa (>35,>20) — >80 >80 lmee — m(Z)| < 10
— ZV CR characteristics
CR “Purity (%) | Signal in CR(%) | TF (%) SF
CRZV-WWa, ee | 81 x4 2+04 20+ 1.5] 1.14+0.16
CRZV-WWa, ppt | 85 +2 4 +0.6 139+ 1.7 | 1.12+0.13

Events / 10 GeV
=
[}
1L II

Data/SM

- New CR to handle this background for ee and ppu final state
- Good agreement of SF in both channels, combined in the fit
- Low signal contamination and good purity

22 nJets=0,0. +35GeV =205V i":-aJGev.p,:uj..»sn GeW, Imill-m(Z)«10GeV
T T T T T T T T T

T T T I T T T I T T T
10°E ATLAS iniema

C J Ldt=20.3f" (5= 8TV

T I
—— Data 2012
[ ww
I ot

v
et
:l Fake leptonc

[ #igas
:l Ekg. Unoeri.

im0, 0] B ]

10°

Events / 10 GeV
3,

R ) by | L] =
SR EEEESS - 7
- ONSSTRUSSIRSN 8
B a0 100 120 140 160 18D 2 o
ETSE'MI[GE"-"]
3 Juin 2014

au neis=0.p] =35GeV. 2= 20GeV ) =506V, p_(I)=B0 GV, mill-miZ)l=10GeV
T T T T T T T T T T T T T T T

TTTT I I I
E_ ATLAS Internal
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| T T |
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I ww E
I & - Wit
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] zeeie 1
[ Fak= lepions _
I:l Higgs 3
[r1] Ekg. Unoert. B

Imi-Lmiz i 100,0)0ev |

(]
180 200

TS5, el

= (€
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— Good agreement
between Data and MC
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Event Selection

— Trigger :
Use dilepton triggers

trigger L1 Offline pt Threshold
EF_2e12Tvh_loosel L1_2EMI10VH prier) = 14 GeV, pr(ez) > 14 GeV
EF_e24vh_mediuml_e7_mediuml LI1_EMISVH prier) = 25 GeV, priez) > 8 GeV
EF_2mul3 L1_2MU10 prigy) > 14 GeV, pr(us) > 14 GeV
EF_mul8_tight mu8_EFFS LI_MUIS5 priy) > 18 GeV, pr(us) > 8 GeV
EF_el2Tvh_medium1_mu§ LI_LEMIOVH_MU6 pr(e) > 14 GeV, pr(u) > 8 GeV
EF_mul8&_tight_e7_mediuml L1_MUIS prie) = 8 GeV, pr(u) > 18 GeV

— Object definition :

Baseline electrons Baseline muons
pr > 10 GeV, |n| < 2.47, pr> 10 GeV, |n| <24, - . . .
medium++ STACO cuts Central light jets Central b-jets | Forward jets
\/ \ L20 B20 F30
tight++, d, < 50, d <3 1Mdet <2.4 <24 [2.4.4.5]
. o < 30, — e
|2o|sinG < 0.4 mm, b-tag MV 1 <0.3511 >0.3511

|zg|sin® < 1 mm,

peon=3%/pT < 0.16,

£ cones0/pT < 0.18 pr:onee-D,ipT <012 JVFE JVE| > 0if pr < 50 GeV -
. (pile-up corrected)
\(plle-up corrected) /\ /

- SUSY Tools 03.04, (version 03.07 tested, no impact on results )

— No change since CONF
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