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Standard Model’s many symmetries...

Quantity — | Weak | Strong _

Energy Time translation
Linear momentum Spatial translation
Angular momentum Rotations
Center-of-mass Lorentz boosts
Charge, color, ... Gauge transformation

Isospin (uds)
Lepton number L
B-L .
Baryon number B accidental !
Lepton flavor

Quark flavor
Parity P
Charge conjugation C
Time reversal T
CP
CPT

SN S N S IS S KIKIS XS X
SI>xX X X X XN N\ XIS NXXX
SINS S SIS N IS NN KX



Flavor universality in the SM

« SM gauge couplings cannot differentiate leptons

 only the Higgs can via Yukawa coupling
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Lepton flavor universality tests




B anomalies at Belle, BaBar, LHCb

['(B— KWpyyu) sw ['(B— DWry)  su
RK(*) = <1 RD(*) — ) /- > 0.25
' (B — K®ee) I'(B— D®p)
T T T T T T T ;;\ 04 | ' | ' ' ! ! | ! ! ! ! | ' ' ' ' 1 ' ' T ]
5 axivotostizee | S | RGN HELAY Ay’ =10 contours -
' n | Prelim.2022___| -
- . BaBar , 035 BaBarl2 7
0.1 < ¢*><8.12GeV/c* = Bellel5 -
B LHCbl8  30.--/F "= -3 ]
N , Belle " Y S
1.0 < ¢* < 6.0 GeV?/c* - RN \ .
025 L 'f“\Bellf:\l\\ 77777 - :
E LH b fb-l : Belle 1 7 P)RD “)f (3016) ()()-;l()()x Avera;ge 358 +0.025 + 0. :
—— L S wvier | 02F  uravsw v B D s,
— ‘ ° - _ + PLB 795 (2019) 386 — -
3.16: E Rousomeoms D00 b= 125 i
I ' ' l 1 1 f f I N N B N I ' ' ' ' I I’RDIIUS(2(;22)()}#503 ' I ' ' ' f I f ]
0.5 1 1.5 0.2 03 04 05
SM Ry R(D)
R(K™) and angular observables R(D®™) combined 3.2¢ deviation

combined ~ 40 deviation

= signs of new physics violating lepton flavor universality ?
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Leptoquarks

e scalar or vector boson

» decays into €q
= carries L, B, color

 fractional charge +3,+2,+%,+32

* coupling A,

arXiv:1603.04993
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https://arxiv.org/abs/1603.04993

Leptoquarks

 scalar or vector boson .
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https://arxiv.org/abs/1603.04993

B anomalies according to LQs
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signs for destructive interference
with SM in B — Kuu decay

[Isidori group: arXiv:1706.07808, arXiv:1903.11517, arXiv:2103.16558] 10



https://arxiv.org/abs/1706.07808
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Muon anomalous moment
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SM theory: 116 591 810 (43) X 10-"" (460 ppb)
Experiment: 116 592 061 (41) X 10-11 (350 ppb)

BNL & FNAL combined 4.2 deviation

BNL: arXiv:hep-ex/0602035, FNAL: arXiv:2104.03281, theory WP: arXiv:2006.04822 11



https://arxiv.org/abs/hep-ex/0602035
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LQ production at CMS
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but kinematics
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Exclusion in A vs. mass space

use the fact that single production has a ~ A2,
and nonresonant tt production a ~ A4
to exclude higher masses & couplings 4
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pheno papers: arXiv:1609.07138, arXiv:1810.10017
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https://arxiv.org/abs/1609.07138
https://arxiv.org/abs/1810.10017

LQ decay signatures at CMS

analyses often use a parameter g:

B(LQ —qf) =p

typical benchmarks g =0, 0.5, 1
BLQ—qdv)=1-p4

e.g. purely third-generation LQj: B(LQ, — tr,) = 1 — 3
3 T) T
T, T, UV T, T, V
L <
Q,/ b7 ba t LQ /<
/ b, b, t
N T, UV, UV L {
LQ < \\
b, t, t T, UV, V
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LQ3 — bT, tv

EX0-19-015 (B = 0.5)



http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-015/
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LQ; — bt reconstruction

T, reconstruction

tracker

™+ = ptv, = 77%, J

—3  tracks

b jet

------ impact
parameter

secondary
vertex

do_
\ 7’\primary vertex
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T, background

e - 1, fake u — 1, fake j — 1, fake

= need for an efficient identification algorithm

real ¢,

19



LQ; — tr reconstruction

-
tracker
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LQ;LQ; — tvbt / trbv strategy

reconstruct t lepton in fully
hadronic final state

reconstruct top in fully hadronic
final state:

1. resolved: 3 AK4 jets
2. boosted, partially merged
3. boosted, fully merged

four categories:
— two b jet categories: 1b, 22b
— resolved or boosted top

fit scalar sum pt

miss

St :ptT‘Fp%h + D1

single + pair is one signal

resolved top

t — bW — bjj
b

W — qq

b
s
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\'

boosted top
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https://arxiv.org/abs/2012.04178
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LQ;LQ; — tvbt / trbv results p=0.5, 137 b’

no significant excess above the SM expectation observed
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https://arxiv.org/abs/2012.04178

LQ3 — bt

EX0-19-016, HIG-21-001, (8 = 1)



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-016/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-001/

LQ — bt production at CMS
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-016/index.html

Summary of event categorization

EXO-19-016
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-016/index.html
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Main backgrounds
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J — t,, fake background estimation

background from jets misidentified as 1,
most dominantly from QCD and W + jets

data-driven “fake factor” method estimates the fake rate
and distribution shape from dedicated control regions

similar to ABCD method, except No
_ Np = Ny —
1. fake factors (FFs) + closure corrections PR Ny
are measured as a function of several FF
Varlab|eS pT, AR, #jetS, mvis, e application region i signal region
2. FFs are measured separately for 3 0S A ag};}y D
backgrounds (QCD, W+jets, ttbar) to shape —»
to take into account the relative S 18 determimation region |
contribution of their flavor composition < « B measue
FF(T, ) = N (Medium)pg L
pT a N(VLOOSG && !Medium)DR VLoose && !Medium: Medium

Th DeepTauVSjet WP
[HIG-17-020, HIG-21-001] 28



https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-17-020
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-001/

Postfit S;MET distributions in 0b & 21b

ey, Ob 137.4 6™ (13 TeV) . e 21b 137.4 b (13 TeV)
>105"'|""|""|""|"" T 10 i = B B L L B
[0 ¢ Observed LQ, 2000 GeV, A=2.5, p=1 [0 ¢ Observed LQ, 2000 GeV, A=2.5, p=1
(O] 10* CMS I tf and single top — Scalar (fitted) O] 1 O5 CMS I tt and single top — Scalar (fitted)
- Preliminary = piboson <. Vector (fitted), k=1 - L, E Preliminary /= qcp multiet <. Vector (fitted), k=1
_'GQ 1 03 [1QCD multijet _'tg 10 [ Diboson
c [CJZ +jets [ 103 [CJZ +jets
G>) 10? W +jets G>) 2 Bkg. unc.
T o A Bkg. unc. eu, 0Ob o 102 eu, 21b

1
2000 GeV B 1
A _ 2 5 10 10—1
- N 10_2 10—2
10—3 --------------------------- 10_3
107 = 107
2 1sb 41 2 1sb 3
m o 7 m o } 7
~ Ll L T I I i~ 1Fe S S fessssssssssss =
2 - f 1 g - ! { ]
05F 3 0.5F 3
O C N X ) X E O C N ) ) ) .
fOI’ paper’ add Up 500 1000 1500 20%9ET 2500 500 1000 1500 20%?5 2500
distributions per year St [GeV] St [GeV]
for full Run-2 plots _opmOb  974m7(3TeV) o amb  1374M0"(13TeV)
(] Ob: d LQ 2000GVX25 1 (0] Ob: d LQ ZOOOGVX25 1
(O] 1 04 CMS |£| z je::: — Scalar (:tted) P (0} 1 03 CMS ‘ tt ai?jn:ngle top — Scalar (:tted) =
~ Preliminary gzt and'singletop -~ Vector (fitted), k=1 ~ Preliminary = — 1, fakes -+ Vector (fitted), k=1
o 10 i - v, fakes 2 402 0z -1y,
c 5 [ Drell-Yan with | - =, e AN Bkg. unc.
o 10 [ Diboson [}
Lﬁ 10 AN Bkg. unc. Lﬁ 10
1 1
107" - 10”
102 1072
10°° 0
107 107
o F T ) ) ) E o F T l ) E
~ 15 — ~ 1.5 * """""""""""""""""""""""" =
9 SUPUEILI R L{ } ¢ ] e F e J_L.q-i-*"“{'_‘ } ]
- 1feeteve = + - 14 LA 2] RN 3
7] C ¢ 7 7)) C i { 7
8 ost 1 8 osf 1
500 7000 1500 2000 2500 500 7000 1500 2000 2500
SYET [GeV] SYET [GeV]

29



Postfit x distributions in 0j

for paper, add up
distributions per year
for full Run-2 plots
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tot

cl/c

Definition of signal strength
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> @
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Definition of signal strength
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Combined upper limit, A = 1
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* no significant excess over the SM observed
 scalar (vector) LQ excluded up to 1.25 (1.95) TeV for A = 2.5
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Combined upper limit, A = 2.5
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» ~30 excess above M > 1800 TeV coming from nonresonant signal
 scalar (vector) LQ excluded up to 1.37 (1.96) TeV for A = 2.5
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Comparing production modes

pair production most sensitive at A = 1, as expected
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Comparing production modes

most sensitive at 1 = 2.5, as expected

137 fb ' (13 TeV)
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CMS Preliminary

LQ — bt exclusion limits of A and mass

Resonant + nonresonant
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Reorder bins by S/ (S+B)

CMS Preliminary 137 fb (1 3 TeV)
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T

Events in y & SYE7 bins

Obs. / Bkg.

Reorder bins by S / (S+B)
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Comparison EXO-19-016 & HIG-21-001

jet categories

observables

Drell-Yan
estimation

Jj — T, estimation

EXO-19-019 ______HG21001

“0j”: veto jets pt > 50 GeV

“21j” with pt > 50 GeV, m,;s > 100 GeV
° “Ob” — “Ob21j”
° “21 b”

. ST
MC + Z pt corrections from uu

Data-driven, “fake-factor” method

EXO-19-016

“No b tag” (no jet requirement)
“B tag” with pr > 20 GeV

m’tfot

Data-driven with “embedded”
samples (from uu events)
Data-driven, “fake-factor’” method

HIG-21-001, arXiv:2208.02717

“best-fit” to B anomalies
e/ve w/vy T/vs

V2 b/t 0 -014 1

arXiv:2103.16558

' [0 0 0
Ag=22%. o | 0 +0.01 019
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ATLAS-CONF-2022-009
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Coupling strength A

LQ — bt exclusion limits of A and mass
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CMS LQ summary
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Nonres. LQ interpretation of EXO-21-009
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SUMMARY



23/06/22

Summary

third-generation LQs are well motivated by theory and
recent experimental results, like the B anomalies

CMS has performed searches for several scenarios and
resonant signatures

— scalar, vector
— single, pair production
— new results with 138 fb~! probe in the 1.5-2 TeV region

using signatures with 7 or (b) jet may help tag NP that
couples preferentially to higher generation fermions

presented searches for nonresonant LQ production
— (b)(b)tt final state in different (b) jet categories |
— found nonresonant excess up to 3.40 2 eeseroto |

— cross checked between EXO-19-016 and HIG-21-001 .

Coupling strength o
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LQ cross sections @ 13 TeV
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Comparison EXO-19-016 & HIG-21-001
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jet categories “21j” with pr > 50 GeV, my;s > 100 GeV  «g tag” with p; > 20 GeV
* “Ob” = “Obz=1j"
s “21b”
x = exp(An) in Qj tot
ST in 0b and 21b -

Drell-Yan Data-driven with “embedded”
estimation samples (from uu events)

Data-driven, “fake-factor” method Data-driven, “fake-factor” method

EXO-19-016 HIG-21-001, arXiv:2208.02717

MC + Z pt corrections from uu
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https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=EXO-19-016
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-001/
https://arxiv.org/abs/2208.02717

Coupling strength A

LQ — bt exclusion limits of A and mass

Resonant + nonresonant

CMS 138 fb™' (13 TeV)
95% CL upper limits ~— Single Nonres.
— Observed — Pair — Total
---- Expected Expected by B anomalies
[(168% expected Vector, p=1, k=1
25 : — .
2F =
1.5F -
1 =
0.5F -
0 C 1 1 1 1 | 1 1 1 1 | 1 1 I E | 1 1 1 1 | 1 1 1 1 :
500 1000 1500 2000 2500

Leptoquark mass [GeV]

« ~30 excess in nonresonant channel
* no sensitivity to mass or coupling

3000

mLqQ = 1400 GeV

miq = 2000 GeV

Signal
Ofit [fb] z Ofit [fb] z
Scalar
Pair 0241547 05 0227938 0.0
Single, A = 1 1157895 1.3 0.6410%% 1.0
Single, A\ =25  9.1%3¢ 17 18+1 1.7
Nonres. 70123 3.4 63129 3.5
Total, A = 1 17719 0.9 9.6152 1.7
Total, A = 2.5 43118 2.9 62739 3.4
Vector, k =0
Pair 0247545 0.0 0247535 0.0
Single, \ = 1 1.0079% 12 060725 1.0
Single, A\ =2.5  9.17¢3 1.5 25112 1.4
Nonres. 58118 3.5 51118 3.5
Total, A = 1 1.2715 08 7.7t%l 1.7
Total, A =2.5 122771 1.8 4311 3.1
Vector, k =1
Pair 0.24154% 0.0 0247935 0.0
Single, A = 1 1.007082 1.2 0.607988 1.0
Single, A =2.5  9.17%3 1.5 25115 1.4
Nonres. 58115 3.5 51118 3.5
Total, A = 1 0.42750% 0.6 .37 0.5
Total, A =2.5  12.27%% 1.8 43138 3.1
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Third-generation LQ searches

0

=
Il

=05

23/06/22

=

I

- LQ—tv
scalar pair (2016, arXiv:1902.08103)
scalar/vector pair (2016, SUS-19-005)

LQ — bv

scalar/vector pair (2016, SUS-19-005)
LQ — tz, bv

scalar single+pair (Run 2, EXO-19-015)
scalar pair (Run 2, ATLAS-CONF-2020-029)

LQ — tv, bt
scalar pair (2016, arXiv:1902.08103)

vector single+pair (Run 2, EXO-19-015)

LQ — bt

scalar pair (2016, EXO-17-016)
scalar single (2016, EXO-17-029)
scalar pair (2016, arXiv:1902.08103)

scalar/vector

4 Ppairtsingle+nonresonant

(Run 2, EXO-19-016)

scalar/vector pair (Run 2, arXiv:2108.07665)

LQ — tt

scalar pair (2016, B2G-16-028)

scalar pair (Run 2, ATLAS-CONF-2020-029)
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24/05/21

LQ; models & signatures

« scalar LQg (S = 0), vector LQy (S=1)

decays into {q
= carries L, B, color
= fractional charge

coupling Ay,

simplified models restrict to up or down type:

() == (%)

branching parameter

LQ5 — tv, br, Q=+
LQS — t7, by, Q= —

Wl Wi

B(LQ — g¥) =8
BLQ—q¢v)=1-p

typical benchmarks g =0, 0.5, 1
Lngg — tvty, tvbr, brbr
LQITQ; — trtr, trby, buby
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arXiv:1909.03460

LQ;LQ; — bvbv, tvtv B =0, 137 fb-"

reinterpret stop & sbottom searches with 22 jets + MET:

b b
N / g
> Pi"' Ly LQs
-- = I v
s§~~ ~0 N\
p - \5 o« o o * Xl AN V
b, .\ d s
) ) rQ; <
b _
b
t t
- / 9
p tl",f j(v(l) LQ; s,
:’ — /// D
p ;§~s~ .--'56(1) \\ v
tl u \\
\ LQ3 <
; J _
t
(1) (2)
Moy = min max ( My 7, My
_,miss,l —»miSS,2 —1Miss

24/05/21 61


https://arxiv.org/abs/1909.03460

arXiv:1909.03460

LQ,LQ; — bvbv, tvtv £=0,137 fo-

* select events with 22 jets, large py™iss, Hr > 250 GeV
* cluster visible objects into 2 large pseudo-jets
« decompose pt™ss to minimize

Mo = min {max (Mé”, MéQ))}

_,miss,l —»miSS,Q_—’miSS

CMS Simulation 230" (13 TeV)
e B e R

> BN
& 1°F wo>2006ev [ murtiet E
o - E7">30GeV E
B 107E >2j >0b I Top quark -
i 1 > E - Wjets B
ﬁmlss, o 1ol E
S £ - Z > v
1 T . = : ) :
/\1 ( ) ‘\ - —I1111SS L1>J 105E _______ op > 5, G > by ]
T A - ~4 T 104; m; = 1100 GeV E
\\ ‘\ g m%c=100 GeV
/ ° ?

10°E

200 400 600 800 1000 1200 1400
M, [GeV]
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arXiv:1909.03460

LQ,;LQ; — bvbv, tvtv strategy § =0, 137 o

 select 2 jets, veto charged lepton, 7,
« fit M, in many bins of #jets, b tags, Hr

1>4b 1 0b 1 1b 1 2b 1% 4 **
1 1

CMS 137 b™ (13 TeV)
5 Pre-fit background 575 < H, <1200 GeV ¢ Data
g 10 Wl Z>vW
S b 0 DA IRNL N DAty et Lost lepton
A /| E] Multijet
10° E E E E E E7-9j Ez1oi Ez10j Ez10j Ez;:ii 210,

108 !

10° o

10

g E
o E
S E
a E
oB v vy e e L gl s R
Mry = min [max (]Wél),]bfg))} MT2 [GeV]

24/05/21 5¥iss’l+ﬁ$iss’2:ﬁ$iss 63
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arXiv:1909.03460

LQ,LQ; — bvbv, tvtv results B =0, 137 b

CMS 137 fb”' (13 TeV) CMS 137 tb” (13 TeV)
E‘ T T T T | T T T T | T T T T | T T T T j E T T T T | T T T T | T T T T | T T T T j
& 10° —— Observed limit (95% CL)  pp — LQ LQ = & 10% —— Observed limit (95% CL)  pp —» LQ LQ E
% ------ Median expected limit B(LQ — b v) =100% E % ------ Median expected limit BlLQ>tv)=1-8 E
b o
10 - 68% expected 5 102 - 68% expected . =
\ 95% expected —_ G;pe;yl’-f(\s LQ, (k=1) E \ 95% expected — GE'IZOryl‘_Sg) LQ, k=1;p=0) E
U S S Oyt (6= 1009)
N ’ ] e\ -1Q,LQ, _ ]
1 SN NS pp - LQg LQ - 1 N S Gtr;peory, LO (k=0;p=0) -
; 7 Otheory, NLO 3 ‘ NG e pp - LQ LQg 3
) ] - Gtheory, NLO (B=0) ]
10”1 3 107 3
10°2} ? 10°2 : m ?
10° . 10°8 i
1074 1 1 1 1 | 1 1 1 1 | \\I:::\i I\\\\I\ \\\I \‘\1 \\‘J 1074 1 1 1 1 | 1 1 1 1 | \\I:::\ I\\\\I\ N I\\i \‘J
500 1000 1500 2000 2500 500 1000 1500 2000 2500
m g [GeV] m , [GeV]
LQs LQv, k=1 LQv, k=0
mass [GeV] mass [GeV] mass [GeV]
LQ, — qv (¢ =u,d,s, or c) 1140 1980 1560 .
LQY = by 1185 1095 sc0  strongest constraints on
LQY — tv 1140 1895 1475 scalar & vector production
Lqt - { v (B="50%) B 1550 1995 through pair production
3 br (B =50%)

24/05/21 non-minimal coupling k¥ = 1 (Yang-Mills), O (minimal)

64


https://arxiv.org/abs/1909.03460

— br)

B(LQ"

LQY — br

B(

23/06/22

ATLAS LQ — bt

LQg LQ; production, LQ; — bt / tv, /\

—
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Run 2: arXiv:2108.07665

LQ§ LGS production, LQS — tt / by,

1 T T T I T T T I I T T T I T T T I T T ]
= ATLAS 3
09— K -
= Vs=13 TeV, 139 fb 3
0.8 All limits at 95% CL -
= - - - Expected limit (+16,,;) 3
0.7 -
- —— Observed limit (+10y,,,) 7
068 ATLAS 13 TeV, 36.1 o'
0.5 :_ (observed) _:
0.4 —
0.3 —
0.2 =
0.1 —
: 1 1 1 I 1 1 L. 1 I 1 1 1 I 1 1 1 I 1 1 1 :
200 600 800 1000 1200 1400 1600 1800 2000
m(LQS) [GeV]
LQ;LQ; production (minimal-coupling scenario), —>bt /T
1 T T T I T T T I T T T I T T T I T T T T I T T ]
C ATLAS v 3
09— 4 . 5 -]
E Vs=13 TeV, 139 fb™”, All limits at 95% CL : 3
0.8 y -
E ---- Expected limit (+1c,,,) B 3
0.7 : -
C " Observed limit (x1 S reory) g -
06— 7 i =
05F =
04 i =
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0.2 =
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Universitat Zarich, Physik-Institut, Izaak Neutelings
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HADRONIC TAU RECONSTRUCTION
& IDENTIFICATION



T;, reconstruction

* anti-k;, R=04
 seed for t, candidate

tracker

™ =ty T+ & rErly, T & pEpFaty,

Decay mode reconstruction

detector interactions of different decay modes

 charged tracks (*)
« ECAL clusters (°)

Identification

MVA to reject jets, e or u
* lifetime

* isolation

* energy fractions

quark/gluon jet Th jet

25/05/20 67



Map to t;, reconstruction & identification

HPS algorithm

— BDT against jet
+ BDT against e
+ cut-based against u

— DNN “DeepTau” against jet/e/u

25/05/20

“Baseline” algorithm

— BDT against jet
+ overlap removal e/u

— RNN against jet
+ BDT against e

Tau Particle Flow
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,ely k

A
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o)
~0.09

40

isolation cone
ime, iso
a/g jets
30

T lifet
— PF hadron/u/ely information in small nx¢ cells of 7,

multiclassifier into T, u, e, or jet probabilities

N
NN
NN

iminary
T

20

decay mode by counting
> p?r“afged (A z<0.2 cm) (GeV)

AK4 jet of particle flow (PF) hadrons, e/y
— charged hadrons

| cone +

10

assign

signa
— ECAL clusters (e/y merged into “str

convolutional deep neural network (DNN)
— high level

CMS Simulation Prel

seed

A R ERRRRXANKS
SRR

Hadron-plus-strips (HPS) algorithm

DeepTau algorithm
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uiq / pleik enlrejey T T
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TAU-16-002/

CMS: T, reconstruction & identification

Hadron-plus-strips (HPS) algorithm 21 x 21 cells (1) X § = 0.05 x 0.05)
« seed: AK4 jet of particle flow (PF) hadrons, e/y
« signal cone + isolation cone
e assign t,, decay mode by counting

— charged hadrons

— ECAL clusters (e/y merged into “strips”)

e

11 x 11 cells
(n x ¢ =0.02 x 0.02)

L

DeepTau algorithm
« convolutional deep neural network (DNN)
— high level: t lifetime, isolation, e/y kinematics, ...

Signal cone

Isolation cone

. . . n
— PF hadron/u/ely information in small px¢ cells of z
« multiclassifier into t, u, €, or jet probabilities
100 CMS Simulation Preliminary 2017 (13 TeV)
100 CMS Simulation Preliminary 2017 (13 TeV) 100 CMS Simulation Preliminary 2017 (13 TeV) -—4— MVA vs. jets (JINST 13 (2018) P10005)
-4~ MVA vs. electrons (JINST 13 (2018) P10005) 4 Cut based (JINST 13 (2018) P10005) "+ MVA (updated decay modes)
- —— DeepTau vs. electrons —— DeepTau vs. muons > DeepTau vs. jets
£ 1014 210714 = A
E pr<100 GeV /,- ,_ii, pr<100 GeV 2 10714 pr <100 GeV ’.
o 3 5
S10°2 . 5 1072 . s
A anti-e 2 anti-u : 2
£ 10 €10 . £
o S +
5 S 9
3 =
w 10~4 1074
3
5 1073
g % 10! 4 e E 44
'E 10! 4 8 ] s
$ _____ 3 3 1 e
g g o e
> 100 f §
= 05 0?6 0‘7 0?8 0?9 10 3 0.9800 0.9‘825 0.9‘850 0.9‘875 0.9‘900 0.9‘925 0.9‘950 0.9‘975 1.0000 = !

! ici ici 03 0.4 05 0.6 0.7 08 0.9 1.0
Tau ID efficiency Tau ID efficiency

25/05/20 CMS-DP-2019-033 Tau ID efficiency 70



https://cds.cern.ch/record/2694158/

15T & 2ND GENERATION

EXO-19-019, SMP-21-002



Introduction

4 . L )
Many models predict deviations in high-py dilepton tails,
and may violate lepton-flavor universality ee/uu/tt
'T\g'ﬂ — Constructive 22 Signature EE + (b/C) jetS b
g --- Destructive
o q 14
il g (
ﬁ b
EO = NP q 3
SM ) 3 g ¢
T [ ]= q 14
0g My \ iy q
sensitive to b — sf¢
. \ _ y,
nonresonant higher-generation LQ-fermion
4 \\Aqu// ¢ are motivated by B anomalies:
| e/ve /vy T/vr
LQ aw [0 0 0
//‘\ Mgt~ s/<! 0 0(0.01) 0(0.1)
q/ )\q/g/ z’ b/t 0 -0 (01) 1

= four-fermion contact
interation form = 2 TeV

Flavor Anomaly Workshop 2021: https://indico.cern.ch/event/1055780/timetable/#b-425294-high-p textt-searches

LQ models motivated by the B anomalies: arXiv:1706.07808, arXiv:1903.11517, arXiv:2103.16558
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https://indico.cern.ch/event/1055780/timetable/
https://arxiv.org/abs/1706.07808
https://arxiv.org/abs/1903.11517
https://arxiv.org/abs/2103.16558

uu, ee searches

select high-p; e*e~, u*u-

good data-MC agreement over whole range,

except small excess for m,, > 1.8 GeV

EXO-19-019, arXiv:2103.02708

137 fb' (13 TeV, ee)
T

resonant limits: spin-1 (Z', DM-mediator), spin-2 (graviton)

nonresonant limits: four-fermion contact interaction, graviton

137 fb' (13 TeV)
- —

IIII
> 10°

& 107

1073

CMS
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¢ Data E
[y/Z —»e'e
tt, twW, WW, WZ, ZZ, 1t E
[ ]Jets *

— Gy k/Mp = 0.05, M = 35TeV*
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— g [
—>]

170 100
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= E e ]
L 107 ’
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B 10
1075;“‘1““1““1““1“““'E
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-019/index.html
https://arxiv.org/abs/2103.02708

Resonant uu, ee searches

7
. 137 o' (13 TeV, ee)
YL Q E T ‘ T g
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Nonresonant upu, ee searches T Coline Soper frame.

Cl: (four-fermion) contact
» seperate my into bins of cos8* < 0 and cos8* > 0 interaction ¢ ¢

« fitLL, LR, RL, RR helicity currents separately
« set limit on Cl energy scale A\ . y

- : BT : 197 1 (13 TeV) EXO-19-019, arXiv:2103.02708
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Forward-backward asymmetry
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Single production yield & efficiency

two competing effects when A is increased:

« cross section a(7LQ) ~ A2 at Breit-Wigner peak

 width increases, degrading efficiency

« pole at low mass of highly off-shell events increases yield,

but degrades efficiency
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