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Physics opportunities at the HL-LHC umversitétm erc

Examine Higgs boson and boundaries of the Standard Model
» precise determination of mass, couplings, decay modes
» searches for New Physics and dark matter

Need to understand SM processes
o production of y, W, Z, or top quarks + jets
 always appear as irreducible or reducible background

Have their own intrinsic interest, e.g.

* SM electroweak parameters, tt cross section, ...
o need improved theoretical understanding and inclusion in event generators

* improved determination of PDF

* searches for anomalous gauge boson couplings

* tests of the unitarity-cancellation mechanism in the SM
e top-quark mass
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Topics for this presentation I e

Standard Model studies

* vector boson scattering tngging ot I
o W*W* and WZ scattering

» forward region physics
o e.g. PDFs, intrinsic charm

tagging jet (3)
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VBS - motivation and currentresults WY e
universitatbonn

Electroweak VV— VVijj scattering q
* via TGC, QGC or Higgs boson exchange
» cancellation = sensitive probe of new physics ,
o distinct signature in detector, good S/B ratio (VV QCD, tt, V+jets, ...)

Run-1 PRL 113 (2014) 141803 PRL 114 (2015) 051801 | qtest result  1609.05122 subm. to PRD
o fiducial W*W?jj — 0#0* + tag jets + Ey™'sS o W2Vjj = 0*+ had + tag jets + Ey™®
o evidence of EWK production at 3.6 ¢ (1.9 o), o V=W, Z = decaying hadronically

with 2.8 0 (2.9 o) expected by ATLAS (CMS)

o , . o reconstructed as 2 jets or 1large-R jet
o fiducial cross-sections with Ac/o = 30% (60%)

o interpret as limit on anomalous QGC

° ° ° ++
o interpret as limit on anomalous QGC (or H**) P | .
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VBS - previous HL-LHC studies I e

Before 201 5 ATL-PHYS-PUB-2012-001
] s N . ATL-PHYS-PUB-2012-005
* exploring all channels pp—= W*W?jj, W/Zjj, ZZ]j ATL-PHYS-PUB-2013-006
o discovery potential for observing longitudinal VBS & aQGC CMS PAS FTR-13-006
Scoping document: W*W*jj Technical Proposal: W*Vjj
e backgrounds from Run-1 analysis  use global fake rate scale factor
o dominant ones scaled to account forall ¢« main gains from
* main gains from extended tracking o better jet-¢ fake rate, larger coverage
o greater lepton coverage (reduces WZ2) o better pile-up rejection (fwd calorimeter)
o greater pile-up jet rejection * expectations for
e expectations for EKW W*W#jj o WEWHEjj with Ao/o = 5%, WZjj
o Zgg significance ~11, Ag/o = 5.9% o polarisation: V.V, = V|V, at 2.750
E o e e | m pranRsESRERRSS
2505_ lul;dzt;gab",\/ s=14TeV Eﬁﬁﬂ.gco __ ]

CERN-LHCC-2015-020 (LHCC-G-166)
CERN-LHCC-2015-010 (LHCC-P-008)
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VBS - new study (CMS)

Same channels as in Technical Proposal
* now including all sources of background, including reducible and fakes
» report results as a function of data/MC fake rate scale factor
. expect Ao/o < 10% for WW and WZ VBS and 2.75 o for VLVL scattering
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Sensitivity to different BSM scenarios
* generic no-Higgs scenario
» presence of additional dim-8 operators in EFT framework
e partial unitarization

95% CL on Ag,, / (noH-SM)
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CMS PAS SMP-14-008
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Comparing scenarios (current, aged, upgraded)
* detector upgrade recovering performance lost from ageing of CMS detector
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W b, catLhC b un iversit'aitbo'nm erc

Run 1 results agree with SM predictions
» expect factors of 10 (Run-2) to 600 (HL-LHC) more W+HF events
 allows for double-differential measurements

PRD 92 (2015) 052001
| W 4 c-jet W + b-jet

q; %%
b

8TeV
LHCb

W
MCFM (NLO) WL‘;

TTeV

| | | |
0 5 025 0 025 05 ! JHEP 01 (2015) 064

o(Wq)/a(Wj) [%] Charge Asymmetry &9999,\

Proton charm content

* highly sensitive to a possible “intrinsic”’ (non-perturbative) charm at HL-LHC
Boettcher, liten and Williams, PRD 93 (2016) 074008
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Miop — Motivation and currentresults WY .

Fundamental parameter of theory
* related to other EWK parameters - stringent tests of SM
» important for my or BF(Bs = uu) predictions
e vacuum stability depends on exact value of miop

Most precise measurements, with Amiop/miop < 1 GeV
* 172.35 = 0.51 GeV (CMS l+jets)
* 172.32 £ 0.64 GeV (CMS all had.)
* 174.98 + 0.75 GeV (DJ l+jets)
* 172.99 * 0.81 GeV (ATLAS dilepton)
— extracting the Monte-Carlo mass

Alternative approaches
* indirect extraction of pole mass, e.g. ot
* less dependence on JES: using m(J/y, ¢), m(SV, ¢), pt(€¢), mr,
* different environment: single top
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= Std. meth. == Endpoints CMS-PAS-FTR-13-016

CMS preliminary projection
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Mop — New extrapolation (CMS)

Updated projections with 8 TeV analysis experience
» additional channels: single top, o, sec. vtx

o pile-up expected to be kept under control
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Preliminary Projection
J/¥, arXiv:1608.03560

o (tf), JHEPOS (2016) 029
sec. vtx, PRD 93(2016)2006/"

Run 1

0.3/ab, 14 TeV

universitétbonnl

soon to become public
DP-2016/064

From tt cross-section
* limited by theory uncertainty
* and lumi measurement

Stats. dominated channels
e J/Y and sec. vtx

Single top
e presence of forward jet
 EWK process, different CR, PDF

Standard l+jets

* benefit from modeling studies,
expect Amiop/Miop ~ 0.17 GeV

M¢op Measurements will be an important element of HL-LHC
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| e;rc
Kagan, Kamenik, Perez, Stone, PRL 107 (2011) 082003

Top production in the forward region Cauld, JHEP02(2014)126
o probes the large-x gluon PDF and may be more sensitive to BSM

* LHCb observed top using a reduced fiducial region of the W+b analysis
o 50 < pr(jet) < 100 GeV; enriches sample in top

soon to become public
LHCb-PAPER-2016-038

t

PRL 115 (2015) 112001 7™ " 1

8TeV -
LHCb
MCFM (NLO)

100 200 300 400 <X1>~ 0.2, <X>>~ 0.02
o(top) [1b]

Top sample
» expect factors of 20 (Run 2) to 1200 (HL-LHC) more top-quark events

 will enable separating tt and single-top and (double) differential
measurements
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FCNC - motivation

top quark + | /

gluon —’—% —._%

L = ) qu)to“’T (fé.PL + f&,Pr) 4G

g=u,c

K vV
\[;i:“%g)oﬂ (f/qpl + f/qpl()q‘7;u
- .Q’\-’-’Qza' Y (fEPL+ fRPRr)q A,

9 ;— -
+ ﬁtw fitaPL + fiioPr) gH| +he.

—

top quark + : o
photon . N

SM 2HDM MSSM

BF(t— cg) 5- 10" 10%-10% 107-107°
BF(t— ¢Z) 1-10™ 107 -10"° 107-107°
BF(t— cy) 5- 107 109-107 1079-1078

BF(t— cH) 3- 107" 105-1073 109-107°

In Standard Model

top quark + | forbidden at tree level
Zboson |4 only via loops, but highly

suppressed

Search

* single top (production)
* top-quark pair (decay)

top quark +
Higgs

tt single top

t U/y ujc th/

Y,8L
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FCNC - current status o Y e

M.Cristinziani and M. I\/Iulders arXiv:1606. 00327 submitted to J. Phys G

e telg u ! l l AlTLAS [193]
—_—t—go ATLAS [193]
t—=27q CMS [194]
t—Zq ATLAS [197]
— 1 —> U CMS [200]
’[%YC CMS [200]
t—Hu ATLAS [203]
t—=Hc ATLAS [203]
———————————————— > H CMS [204
PR teH’;Vb CMS [211]
— e anes t— HY D ATLAS [210]
vnnennne t—HLDb ATLAS [213]
snnnnennns t—>H' D CMS [212]
t— 0] CMS [216]

107 10 10° 102 10 1

Upper limit on top quark branching fraction at 95% C.L.
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FCNC —new tqy StUdy universitétbo'nm erc

Following 8 TeV analysis e

DP-2016/064
» JHEP 04 (2016) 035 — but cut & count
[ J [ J [ J b
Selection (not reoptimised for 14TeV) § S
. : :
exactly 1 tight, isolated u e 1
o veto loose u/e > vy,
e exactly 1 b-tagged jet
o exactly 1isolated high Erphoton ulc Y
o well separated from jet and u, AR = 0.7
* reconstructed 130 < Myop < 220 GeV
u ey St e 3t ey £0.24 E.C."’!S. Frelminary .”{?f;e."f"?f'_,__,__._.t,v,ﬂi .?5£xl1zﬁ;)T%Yl
_Z ______ ::::S R ; 30'225_ et ttV+jets - _E
‘3 B2 L . < 0-2:_ e WV =
2 107k e " - 20.185 vw =
e B b o : $0.161 — sgnal () -
L fis — Signal (tuy) . - .
w02 =
10 | ‘ -
56106 780 200" 255 00 350 400 450 200
p,., [GeV]
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FCNC - new tqy study wlh e

universitatbonnl

Dominant contributions from backgrounds Lol lie
* assumed to be controllable with large statistics CMS Preliminary Projection
» < 0.02F Tt T
from 3 ab &0 T 95% CL Expected Limit]
Consider two scenarios for systematics  Jooe: _ Ep— E
: “0.014f -
* scenario 1:no change w.r.t. 8 TeV result 0 010k i2std. deviation -
® scenario 2 0.01E E
o theory uncertainties scaled by 0.5 0.008
o experimental uncertainties based on studies with 0.006

Phase Il detector and luminosity 0.004

0.002

1 | I I | I I | | I | | | I | | | I I |
500 1000 1500 2000 2500 3000
Integrated Luminosity [fb™]

19.7 fb~! at 8 TeV 3 ab™! at 14 TeV (Scenario 1) 3 ab™! at 14 TeV (Scenario 2)
Bt >u+~) 13x107% 4.6 x 107° 2.7 x 107°
B(t—=c+7v) 1.7x1073 3.4 x 1074 2.0 x 1074

— Sensitivity increase by factor 3 to 10 (depending on channel and scenario)
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FCNC —new tzq StUdy universitétbo'nm erc

Selectlon u, ATLAS-PUB-2016-019
* three leptons, one OSSF in Z-mass window
. . t 7 A v
 >1b-jet, = 1 non-b-jet !
Kinematic reconstruction 7,04 v
2 2 2 2
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= I tw 1 = 0.15F " s
[= - oWz i - - mwz i
o 0.08: ttbar . o n ttbar i
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FCNC - new tZqg study

Systematic uncertainties: two scenarios considered

Set A
o 2% lumi
* 6% WZ and signal
° 62% Z+jets, tt
* 50%tZ, tWZ

Set B

2% lumi

6% WZ and signal
30% Z+jets, tt
10% tZ, tWZ

N " erc
universitatbonnl

ATLAS-PUB-2016-019

* 30% ttV ° 6% ttV
Layout Set | “vY’t—=Zu “o’t—=Zu “yY’'t—=Zc “0’t—Zc vy’ t—=ZutlZc “0’t—Zu+lc
Reference A | 18-10° 16-10° 41-10° 36-107 13-107° 121077
B | 13-10 13-10 24-10= 23-.107° 8.9-107° 8.3-107°
Middle A | 18-10 18-10> 44-10° 40-107° 13-107° 13-107°
B | 13-10> 13-10° 26-10 25-107° 9.0-107° 8.9-107°
. A | 1810 17-10° 48-107° 43-.107 14-107° 13-107°
oW B | 14-10 13-10 29-10 28-107° 9.8-107° 93.107°
_ 9 _ L R g _1c"(p/—po)
Lizu = =5 - (X“Pp + X" Pg)1Z, - T (k“PL + KRPR)1Z, + h.c.

— Sensitivity increase by factor 2 to 6 (depending on channel and scenario)
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FCNC — New th StUdy universit'étbo'n;] erc

o
o

D000 %00
..........

Consider several final states to ' | ATLAS-PUB-2016-019

cope with acceptance/inefficiency
* 2 b-jets with 4 or 25 jets
* 3 b-jets with 3, 4, 5, or 26 jets 9

Discriminant variable

0410 | | | | | _
. . =10 "¢ . . =
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] ] ] 9 == FCNC tHu _
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FCNC - new th StUdy universitétm erc

Discriminant variable ATLAS-PUB-2016-019

e here shown for the t—Hu case S 0120 ATLAS Simulation " So2f ATLAS Simulation T
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— Sensitivity increase by factor 20 > >
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Summary of FCNC extrapolations umversitétm erc
FCNC are a gold mine: need to dig deeper

e possibly these are analyses that do need the full simulation
and detector performance to express their full potential

ATLAS Preliminary modiﬁed
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Conclusion I e
universitatbonnl
Opportunities for SM and top physics offered by the HL-LHC
* re-explored in light of Run-1 analyses and first 13 TeV data
» extrapolation not trivial = first results presented

 actual measurements often beat even optimistic prediction (— top mass)

For SM physics the large datasets will allow to
» explore extreme regions, very boosted events, high me, very high prjets
* increase number of dimensions in differential measurements
* study VBS and rare triboson processes

Top physics continues to be an important physics case
* advancing the precision SM measurement
* finding deviation due to new physics in precision measurements
* rare final states, extreme kinematic phase space
* altogether looking for new particles decaying to top quarks
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