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Mau, ZOZO sumrnar-y ol LHC |imi+s

Scalar LQ 15t gen _Q mass 1.4 TeV 1902.00377

g Scalar LQ 2" gen _Q mass 1.56 TeV 1902.00377
Scalar LQ 3™ gen QY mass 1.03 TeV 1902.08103

d

Scalar LQ 3™ gen LQ, mass 970 GeV 1902.08103
ATLAS Exo+ics Searches

scalar LQ (pair prod.), coupling to 1%t gen. fermions, B =1 <1.44 1811.01197 (2e + 2j) 36 fb~ !

" scalar LQ (pair prod.), coupling to 15t gen. fermions, B =0.5 <1.27 1811.01197 (2e + 2j; e + 2j + ET'*5) 36 fb~1

é scalar LQ (pair prod.), coupling to 2" gen. fermions, B =1 <1.53 1808.05082 (2p + 2j) 36 fb~1

§' scalar LQ (pair prod.), coupling to 2" gen. fermions, B =1 0.8—1.5 1811.10151 (1p + 1j + E}'s5) 77 fb~1

‘é scalar LQ (pair prod.), coupling to 2" gen. fermions, 8 =0.5 <1.29 1808.05082 (2p + 2j; p + 2j + ETss) 136 fb~ !

- scalar LQ (pair prod.), coupling to 3™ gen. fermions, =1 <1.02 1811.00806 (2T + 2j) 36 fb~ !

scalar LQ (single prod.), coup. to 3 gen. ferm., B=1,A=1 <0.74 1806.03472 (2T + b) 36 fb~!
CMS EXO resul+s

Mos+ e.xis-\‘-inj searches have +o~r3e,+e,<! LQ PP.Scalar LG masses below
around 1.5 TeV (’O Tc\/) ore excluvded for |5+ & 2.4 (3"4) je.ne.ra-l—ion LCls


https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/CurrentBarChartVersion_v6.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/ATLAS_Exotics_Summary/ATLAS_Exotics_Summary.pdf

Firs+ COll LHC Roun ll resul+s oCATLAS
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LOs masses below | B TeV (1.7 TeV) are excluded in +he elect+~on (muon)
channel, aSSUMIng a branch.‘nj ra+i0 in+0 o charjeé Ie,P-Fon g o c‘uark ol 100%

ATLAS, 2006.05872


https://arxiv.org/pdf/2006.05872.pdf

Main dea O-CZOOSOéLf7S

But as Luca exP'aMeJ belore ) ‘o P(‘O‘I’On
S & c‘uark S & Plﬂo-l'on S & 'e,P-l—on", so
L Qs can also be Proéuceé resonan-H\,

" Pro+on—Pro+cn collisions. Are +he
corresponéinj rotes Iar:je, e,ncujlﬂ +o

be measurable o+ +he LHC?

see also Ohnemus e+ al,, He.P—Plﬂ/9 HO6235


https://arxiv.org/pdf/hep-ph/9406235.pdf

Anaiysis s+ro~+e.37

° Tarje-l' Lnal stotes wit+h o l"fjl" +ransyverse momentum (P-r) le,P-l'on g o HSH—P—r Je,-l':

| <25, prg, >500GeV, |n;| <25, prj >500GeV

o To svppress backjrounés , ev+ on missing ener gy (Et .iss), veto extra 'e,P-l'ons & Je-l-s:

Er miss <50GeV | || <25, pri, >7GeV, |n,| <25, pr, >30GeV



Benchrvmrk sfj""'
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SwPPr'esse,J by E‘r,m.-ss rec‘uire,men-l' & Jen" \/e,-l'o
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LHC, 4/s = 13 TeV
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SwPPr'esse,J by E‘r,m.-ss rec‘uire,men-l' & Jen" \/e,-l'o
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SuPPresseJ by 'e_P-l'on ve+o
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Suppre,sseé by Er s rec‘uiremen-l-
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Backjfcuné AQGOMPOSG-HOn
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Sijnal VvS. backjfcuncls
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Sum over backjrounés 1S & s+e,e_Ply -Ca”inj J.‘s-l—ribu-l—ion, while sbnal exhibits a narrow Peak
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Sijnal VvS. backjfcuncls
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Commen-+s on s.‘mu'a-l-ion ol sbna'

© Since PYTHIA curren+l’11¢anno+ handle incoming 'ep-l—onic Par‘-l—ons , nitial-state
Ie,P-Fons have been replaceé by Plﬂo-l-ons +o0 shower events. Our simulation does +hus
no+ incluvde Iep-l-ons bu+ c‘uarks Lom P'ﬂo-u"on sPli-l'-l'inj n +he Par‘-l'on (PS) shower

backward evolution

® |n conseguence, +he Je-l'— & le,P-Fon—\/e,-Fo nduvce a m.‘smoée”inj ol +he sijno«l s-l-'renj-l'h.
37 s+u<!76n3 +he pProcess ¢ ¥ ->LQ|-> 5 |, we est+ima+te +his elflec+ +0 be oL O(I1O%)
g +herelore +o on'7 m."c!'\, allec+ +he derived LQ limi+s

6 T he above PS issve needs +o be —esolved before nex+—+o—leo~<!in3 order correc+ions
Lor +he s:'jna' con be correc-l—'y melvded

Tln +he meantime, Peter Richardson implemen-l'ec! mitial-state leP-l’ons n+o HERWIG. Now \mc!er:joinj +es+inj

|7



COMMQH“"S on baékjfcdﬂés Z é\ﬂa",S;S

® The impact ob multije+ backgrounds is incorporated in our analysis by employing +he
pos+-Eit systematic uncertainties of +he ATLAS | +Er,,... search | 90605609 .
Doubling +he quoted errors we Lind uncetainties o8 3%, 30% 2 250% (3%, 24%
& 50%) Lor m,; (my;) valves of | TeV,3TeV &5 TeV

® The resolvtion of +he invariant lep+on—je+ mass is est+imated by combining +he
inLormation on +he dilepton & dije+ mass resolvtions givenin | FOS.0624HE &
| 9 10.08447. We L£ind +ha+ +he mass resolvtion amounts +0 2.22% (4.3%) o+
| TeV &1.5% (1 1) a+ S TeV in+he electron (muon) case

© Der‘.\/e.c! limi+s IMHO conservetive ) &S ATLAS &CMS could Probably GmPro\/e, analysis

1S


https://arxiv.org/pdf/1906.05609.pdf
https://arxiv.org/pdf/1903.06248.pdf
https://arxiv.org/pdf/1910.08447.pdf

SdMMa(‘y O«C 9 S% CL ';M;““S: ev coansSée
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https://arxiv.org/pdf/1810.10017.pdf

SdMMﬂf‘y O«C 9 S% CL 'GM;““S: ev coansSée

LC

DY limi+ L~om Schmal+2 & Zhonj, 1S10.10017
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https://arxiv.org/pdf/1810.10017.pdf

SdMMﬂf‘y O«C 9 S% CL 'GM;““S: ev coansSée

SP limi+ L~om Schmal+2z & Zhonj, 1S10.10017
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https://arxiv.org/pdf/1810.10017.pdf

Summary oF 9 5% CL lmits: ev case
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Summary oF 9 5% CL lmits: ev case
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SdMMa(‘y O«C 9 S% CL ';M;““S: ev coansSée
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https://arxiv.org/pdf/1810.10017.pdf

Summary oF 9 5% CL lmits: ev case

36 fb~! 139 fb~! 300 fb! 3 ab~!
In ev case our H7Po+he+ical 139 (b |
bounds are more s-l-'m‘nje.n-l' +hon +he ) 50P /
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Summeary of 9 5% CL limits: ed case

36 tb~! 139 fo! 300 tb~! 3 ab~!
5'5'44"7 wealker imi+s in ed case due
1 .
+0 smalle~ d Ium.‘nos.‘-ﬁ,. Neyver+theless ) 50:
our bounds are s+ill svperior +o0 GO ]
meaosvremen+ts Lor scalor LG masses ;“g
below roujlﬂly 23TeVH. | TeV) OJO;
assuminj 139 (b (3 ab"') ol data O°05}
_ — PP, 36 fb! DY, 36 fb!
‘ SP, 36 fb! Ow
001 ——
2000 3000 4000 5000
M [GeV]

26



SdMM&(", OC 9 S% CL ';M;““S: O""l’lzf‘ e conSes

36 b~ 139 fb! 300 b~ 3 ab~! 36 fb-! 139 fb! 300 b~ 3 ab~!
2 2
1 1
= 0.5 < 0.5
0.2f — PP, 36 fb! DY,36 b1 0.2}

_ SP, 36 fb~! — _ — PP, 36 fb~! DY, 36 fb~!
ob—d ob—d
2000 3000 4000 5000 2000 3000 4000 5000
M [GeV] M [GeV]

No+aoble weaker constraints ins & c case dve +o smaller Par-l'on dis+r~ibution Lonc+ions (PDFs)
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Summary of 9 5% CL limits:  cases
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Cons+raintson lig & eq covPIinjs similar. Weaker He limi+s o+ low L@ mass dve +0 lower muon

detection elliciencies, bu+ s+ron3e_r' bounds o+ ‘ﬂ:'j‘ﬂ L@ mass given lower mu'-t"ije_-t" backjrouné
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Lp—l—'c Z-' boscns

Buonocore et al., 2005.06477
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Direct+ LHC limi+s weaker +han indirec+ cons+raints Fom nevFrino +F~iden+ Proéuc-l'ion
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l—p—l—'c Z-' boscns

Buonocore et al., 2005.06477 \/Y
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Need LLHC enerqy upjraée. +0 make direct+ & indirec+ bounds ccmpomable, " s+ren5+|ﬂ
20


https://arxiv.org/pdf/2005.06477.pdf

Dcubiy—charje,el H :‘jjse,s

J Buonocore e+ al., 2005.06477
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For sufﬁcien-l"v larje Yukawa 4ouplinjs Yup s—channel Proéuc-ﬁ'on ol o Joublv—
clﬂaf‘jeé Hﬁjs Mon, 'ﬂa\/e o MaSS f'e.osclﬂ comparable +o analyses re'\,inj VPOW PP


https://arxiv.org/pdf/2005.06477.pdf

Conclusions & ov+look

© Ke,sonom-\" LC? Proéuc-l-ion nduced b7 Ie.P-l-on PDFs Pr'o\/iée,s sensitive
direc+ Probe,s ol |s+- & 2.~ —je.ne,ra-l-:on scalar LOs o+ +he LHC

© [n view of +he simPIici+7 ol +he Propose.é LG s:'jna-l—ure. g +s Jisco\/erv
reach ) ATLAS & CMS should Perform dedicated ~esonance searches in

'e,P-l-on—Je.-l— Lnal states ot Loture LHC ~uns

e Al+e some modilications our 5enero~l search s+ro~+e57 can also be
aPPI.'e,J +o0 o+t+her new—Plﬂvsics searches: Ie,P-\"ole'Iic Z.' bosons, Joubly—
charjeé Hijjse,s , vector LCls explaininj B anomalies ) e

32
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Simpiiﬁeé models for B anomalies

Mg (Cr (QLr,0 QL) (L
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—0.06
—0.06 —0.04 002 0.00 0.02 004 0.06

Cr

see Lor instance But+azzo et al., 1 706.07808

o L) + Cs (Q%7,Q% ) (LS

MLﬁ))

Model Mediator b — —
B=(110 | v | X
Colorless vectors

W’ =(1,3,0) X v

3,1,1/3
Scalar leptoquarks = /3) X v
=(3,3,1/3) | V X

3,1,2/3
Vector leptoquarks = /3) v v
=(3,3,2/3) | V X

bos (b—w) anomalies alone can

be explm‘neé b\, se.\/e,ra' s.‘mP'e

sinjle—meéia-l'or models



https://arxiv.org/pdf/1706.07808.pdf
https://arxiv.org/pdf/1706.07808.pdf

Simpiiﬁeé models for B anomalies

Mg (Cr (QLr,0 QL) (L
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Yo LYY + Cs (Q4 4, Q% ) (LS ”Lﬁ))

Model Mediator b—s | b—c
B’ =(1,1,0) v X
Colorless vectors
W' =(1,3,0) X v
3,1,1/3
Scalar leptoquarks = /3) X v
=(3,3,1/3) | X
3,1,2/3
Vector leptoquarks = /3) v v
=(3,3,2/3) | V X

) vector LQ is +he onl7 s.‘njle—
mediator model +ha+ can
explm'n bo+h se+s ol anomalies
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https://arxiv.org/pdf/1706.07808.pdf
https://arxiv.org/pdf/1706.07808.pdf
https://arxiv.org/pdf/1706.07808.pdf

New resonant | search channels

@QL’W QQL’YM

NEWL

Le.P-l—on—ini-l—ia-l-e.‘! sca-l'-l'e.m‘njs allow for new esonan+ (/) contr~ibu+tions +o
br, mono—-l'op & monc—Je-l' Prcéuc-ﬁ'an. This feature has no+ been e,xPlor'e,J 7e+
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