Explaining LHC anomalies

Anders Kvellestadniversity of Oslo
In collaboration witBen AllanacandAre Raklev

Phys. Rev. D 91, 115022 (2015) (arXiv: 1409.3532)
Phys. Rev. D 91, 095016 (2015) (arXiV: 1504.02752

LHCP 2015



Explaining LHC anomalies

Anders Kvellestadniversity of Oslo
In collaboration witBen AllanacandAre Raklev

Phys. Rev. D 91, 115022 (2015) (arXiv: 1409.3532)
Phys. Rev. D 91, 095016 (2015) (arXiV: 1504.02752

LHCP 2015



Two recent excesses In 2 leptord jets, ETmiss

Anders Kvellestad 2
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Two recent excesses In 2 leptord jets, ETmiss

19.4 fb™* (8 TeV)

—e— Data
444 Standard Model
12 5.8 TeV, 20.3 fb” [ ] Flavour Symmetric
[ ] Other Backgrounds
m(g) 1u=(700,200)GeV
m(g),u=(900,600)GeV

>
(O}
Q)
"
Q\|
~~
(2}
i}
-
o
>
L

07 :
@z/ -ga--nnuﬁm ﬂﬂﬂm

82 84 86 88 90 92 94 96 98 100

100 150 m, [GeV]
m, [GeV]
CMS edge excess ATLAS on-Z excess
JHEP 04 (2015) 124, (arXiv:1502.06031) Eur. Phys. J. C 75 (2015) 318 (af%03.03290)

Anders Kvellestad 2



Two recent excesses In 2 leptord jets, ETmiss
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¥ Differentregions of dilepton invariant mass
¥ |mportant differences in event selection
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CMS edge excess

Anders Kvellestad



CMS edge excess

¥ 8TeV, 19.4 b

¥ 2 OSSF leptons!
¥ pT>20GeV!

¥ |In| < 1.4("central") on..6 < || < 2.4 ("forward")

¥ Jets!
¥ pT > 40GeV!

¥ n|<3.0

¥ >2 jets, ETmiss > 150 GeV >3 jets, ETmiss > D0GeV
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CMS edge excess

19.4 b (8 TeV)

¥ Data analysed in two ways

¥ Fit signal + bkg shape to dilepton mass specCtrul
¥ 2.4 sigma excdss

¥ Edge atny=78.7 1.4 GeV
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CMS edge exceSS 19.4 fb* (8 TeV)

¥ Data analysed in two ways
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¥ Fit signal + bkg shape to dilepton mass specttru
¥ 2.4 sigma excdss
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SUSY interpretation of CMS edge
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SUSY interpretation of CMS edge

¥ A kinematic edge is a textbook SUSY signal
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SUSY interpretation of CMS edge

¥ A kinematic edge is a textbook SUSY signal

i

¥ Our Interpretation:golden cascade” u /
squark production (1st and 2nd gen.) e —

¥ For interpretation with b squarks, see Huang, Wagner (arXiv: 1410.4998)
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SUSY interpretation of CMS edge //_[

¥ Four free parameters, M2, Msq, Msi R qr

¥ Mg 1= 2Msi,g Myino= 1.6 TeV, other massses at 3.5 TeV
¥ Constraints from CMS analysigje positio@andsignal yield
¥ Grid scarvl, Am = M2- mgr

¥ Useedge positiono PxMi

¥ Determinemsqto get desiredignal yield
(simulate CMS search)

¥ Will eventually exclude scenario. Show pointsiith
corresponding to the 95% CL lower limit on signal yield
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Results for CMS edge

Allanach, Kvellestad, Raklev, 2014

0.10203040506070809 1
m/TeV

Region Mode

q = g™ = qlpl = gl
ar = 45
a1 = q¥ — qTrl — ql*I"H
ar = 45
ar = q¥9 — qTgl — ql*I"H)
a = g%
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Results for CMS edge - constraints from other searches

Allanach, Kvellestad, Raklev, 2014

Fails ATLAS jets pTmiss
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Very constrainin¢Grothaus et al., 1502.05712)
Anders Kvellestad 8



Results for CMS edge - summary

¥ "Golden cascadmterpretation of CMS edge Iin conf3ict
with several other searches

¥ Conclusion robust against changes in parameter assumptions

¥ Other work on CMS dilepton edge (SUSY only):!
¥ Huang,Wagner (1410.4998)
¥ Grothaus, Liew, Sakurai (1502.05[712)
¥ Dutta et al. (1506.04336)
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ATLAS on-Z excess
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ATLAS on-Z excess

¥ 8TeV, 20.3 fb

¥ 2 OSSF leptons!
¥ pl >25,10GeV!
¥ 81 <m;< 101 GeV

¥ >2 jets!
¥ pT > 35GeV!
¥ nl<2.5

¥ ETmiss > 225 GeV

¥ Ht > 600 GeV (Jets + leptons)ro such cut in the CMS search
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ATLAS on-Z excess

ATLAS ¢ Daa

%4 Standard Model
s =8TeV, 20.3 fb [_] Flavour Symmetric
[ ] Other Backgrounds
<eeess M(Q),U=(700,200)GeV
m(G),1=(900,600)GeV
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Events / 2.5 GeV

¥ Observed: 29 events
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ATLAS —e— Data

%##% Standard Model
/s =8TeV, 20.3b" [ ] Flavour Symmetric
] Other Backgrounds
m(g),u=(700,200)GeV
m(g)u=(900,600)GeV

¥ 3.0 sigma excess

Events / 25 GeV
Events / 25 GeV

¥ Possible model: GGM SUSY 0w = B 00450 500

ET [GeV]

Channel SR-Z same-[Ravour
combined

Observed events 16 29
Expected background events 2416 64+22 106+ 3.2

Flavour-symmetric backgrounds 814 33+16 6.0+ 26
ZI"" +jets (jet-smearing) 05+ 0.04 002053 0.07 + 0.05
Rare top 018+ 0.06 017+ 0.06 035+ 0.12
WZ/ZZ diboson 12+ 05 17+0.6 29+1.0

Fake leptons a;or 1.2513 1.3;11
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SUSY interpretation of ATLAS on-Z excessg
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SUSY interpretation of ATLAS on-Z excessg

¥ Three free parametelnlsls, U, tan 3
¥ ScanMs,pu fortan3 = 1.5andtan3 = 30

¥ Mgraviino~ 0, M = M>= 1.5 TeV,other massses at 4.5 TeV

¥ Higgsino neutralino

¥ ~100% BR to Z+G asmall tar, drops with increasing tgn

Anders Kvellestad
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¥ Detalls of gluindecay not important for
ATLAS search (as long as jets are produced)

¥ Butimportantfor other searches

¥ Higgsino neutralindtrd generation
sqguarks are preferred

¥ Large gluniobneutralino mass difference
| top quark production

Gluino branching ratio

0

Anders Kvellestad 13

100 200 300 400 500 600 700 800 900
Am [GeV]




Results for ATLAS on-Z excess

tanB=1.5
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Results for ATLAS on-Z excess

tanB=1.5

¥ Signal in conf3ict with CMS on-Z
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Results for ATLAS on-Z excess

tanB=1.5

¥ Signal in conf3ict with CMS on-Z

¥ AM > Miop: €Xtra leptons from tops
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Results for ATLAS on-Z excess

tanB=1.5

¥ Signal in conf3ict with CMS on-Z

¥ AM > Miop: €Xtra leptons from tops
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Results for ATLAS on-Z excess

tanB=1.5
¥ Signal in conf3ict with CMS on-Z

¥ AM > Miop: €Xtra leptons from tops

ATLAS_jMET

¥ Am < Mip: often O leptons o e

~ -~ ~~_ATLAS onZ

\

¥ Similar results foan 3 = 30 / Wy
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Results for ATLAS on-Z excess

¥ Signal in conf3ict with CMS on-Z

30

¥ AM > Mop: €xtra leptons from tops 25

20

¥ AMm < Miop: Often O leptons

15

¥ Similar results foan[3 = 30 ﬂ 10

mg < m;\,(l)

Expected ATLAS onZ signal events

5

¥ Combined limit from all searches,

tanf3 = 1.5 (white) and0 (black) 00 600 800 1000 1200
mye [GeV]

X
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Results for ATLAS on-Z excess - summary

¥ SimpleGGM interpretatiomf on-Z excesgxcluded

¥ However, many ways of producing Z-bosons.
Other Interpretations possible!

¥ Other work (SUSY only, apologies if | forgot your analysis...)!
¥ Collins, Dror Farina, (1508.02419)!

¥ Cao et al., (1504.07869, 1507.08471)!
¥ Liew et al., (1506.08803)!

¥ Lu, Shirai, Terada, (1506.07161)!

¥ Cabhill-Rowley et al., (1506.05799)!

¥ Kobakhidze et al., (1504.04390)!

¥ Ellwanger (1504.02244)
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Results for ATLAS on-Z excess - summary

¥ SimpleGGM interpretatiomf on-Z excesgxcluded

¥ However, many ways of producing Z-bosons.
Other Interpretations possible!

¥ Other work (SUSY only, apologies if | forgot your analysis...)!
¥ Collins, Dror Farina, (1508.02419)!

¥ Cao et al., (1504.07869, 1507.08471)!
¥ Liew et al., (1506.08803)!

¥ Lu, Shirai, Terada, (1506.07161)!

¥ Cabhill-Rowley et al., (1506.05799)!

¥ Kobakhidze et al., (1504.04390)!

¥ Ellwanger (1504.02244)

Thank you!
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Example CMS edge signal point
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More detail on ATLAS on-Z search
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GGM sum rules

mg —2mg + mg —mg + mg =0

2mg —mg —mg — 2mg + mg = 0,



