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LHC goals

Precision tests of Standard Model Study EWSB:
- top, electroweak, QCD - find Higgs
- flavor physics - study its properties

- measure Higgs

Standard potential
Model
BSM: SUSY? Extra
dimensions? Other weird stuff?
Dark Matter

Search for BSM:
- directly
- indirectly (in precision Study strongly interacting matter

measurements) at extreme energy densities.
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LHC Roadmap
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Preamble to pp: life on the trigger’'s edge
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Preamble to pp: life on the trigger’'s edge

8 TeV 14 TeV 33 TeV 100 TeV
LHC LHC HE LHC VLHC
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Preamble to pp: life on the trigger’'s edge

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate « Trigger: filter events online,
. . throw away most of them
readout, high Er/ b signatures . ATLAS, CMS keep ~ 1 in
1,000,000
“‘Software High Level Trigger : « Triggers + fast detectors and
([ amariatpyent reconstruction, setect DAQ enable most of physics

In pp collisions
Buffer events to disk, perform online
detector calibration and alignment )
9. : E No trigger = no data }

of inclusive and exclusive triggers

w w P
12.5 kHz (0.6 GB/s) to storage

. Full offline-like event selection, mlxture]
= no measurement

« BSM can hide where we have no triggers or no detectors
« That thought stimulates new approaches and new ideas



Part |: Standard Model & Precision Tests

Precision tests of Standard Model
- top, electroweak Q,Nm :

Study EWSB:
- flnd l‘llggw v o

3 measure HJggw
~ potential

| BSM: SUSY? Extra
SR - | dimensions? Other weird stuff?
Dark Matter

Search for BSM:

|nd|rectly (in pl'eCISIO
- measurements)

Study strongly mteractlng matter
‘at extreme energy densities.

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018



SM production cross-sections
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SM production cross-sections: uncertainties

« Many are
systematics limited

» Statistics needed for
e WZ, ZZ
« Everything Higgs

Petar Maksimovic, Johns Hopkins

Measurement Uncertainty [%]

Cross-sections at 13 TeV
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Latest LHC Results CIPANP 2018



Events / 20 GeV

Data/Pred.

VH, H—bb

* Higgs physics: in some areas, started to reach precision
era. In others: still in “search” mode.
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Events /0.13

Data / Pred.
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ttH, H—bb

* Higgs physics: in some areas, started to reach precision
In others: still in “search™ mode.

era.

CMS 1804.03682

35.9 fb' (13 TeV)

10°

10*

10°

10°

10

Hot off

the press!

I|||||I|l||]||||I|||||||IIIIIII|I||||

DL (=4 jets, 3 b tags)
Pre-fit expectation

e Data 15 x ttHg,,
[ttt B tt+cT
B ti+b B ti+2b

I tt+bb
[ V+jets [ ]tt+V
[l Diboson Uncertainty

B Single t

JIIIIII|[IJ[IJ

|
0

|
0.2 04 06 08

BDT discriminant

g

g

Complex final state.
BDT for classification.

~ 60% uncertainty
(stat. > syst.)

ATLAS result;
Phys. Rev. D 97, 072016



« Complex combination of all channels

ttH, many H decay channels

When search becomes measurement...

304.02610 5.1 (7 TeV) +19.7fb” (8 TeV) + 35.9 b (13 TeV)
CMS L 21??;:;{1@ syst)
- . mmm +10 (Syst)
fHWW?) 5 =20 et Giy
* —= =
o | e CMS: 50
ttH(2Z*) *~—
e | P o * 4.20 expected
fiH(r ) |—————— _
T g « ATLAS: 4.2
{fH (bb) g
g 1604.02010 « 3.80 expected
7+8 TeV -—-—-—
13 TeV —-.-—
Combined —-.-—
PRI R R R R Lo v Vv v v by v b v v vow bwgw s
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ttH

/ Signal strength w.r.t. SM
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Vector Boson Scattering

CMS 35.9 fb" (13 TeV)
- T T T T ]
e -e-Data
~ i EW WW
C " Nonprompt
G>J Others
LI 100 B 2 Bkg. unc. a
N
m Phys. Rev. Lett. 120 (2018) 081801
50 S\EAN 7
\\\\\\\;\\\\\\\\\R\\\\\\\\N\\\\:
0 ! ! | ] ]
500 1000 1500 2000
m; (GeV)

Access VBS
via same-sign 7 or H

WW'\/'

\ * First observation, now > 5¢

Longitudinal scattering x-sec.
Anomalous couplings

Input to Higgs couplings



15

HH in the SM

« Measurement of Higgs boson self-coupling
= a fundamental test of SM!

* HHH probes the shape of the Higgs potential!

mg
AHHH:W
g TOOON_ ,, | .-H 8 - -
ty --=<) ty A
o TOOO H o~y ¢ G L

« SM predicts extremely small cross-section for HH prod.
« 335fb @ 13 TeV

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018
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Complementarity of HH channels

Assuming SM H BR /41 < H(bb)
| | | | | I =
o | 33.330_5 _ « largest BR
ww - 10 * high €b, low fake rate
— BR(HH— XXYY) 14102 suppress light QCD
99 background

10° < but, bb QCD still high

Tt

* H(yy)
 |low BR, but

* low backgrounds

107/ « excellent mass
resolution

MW Zy YY ZZ ©¢ Tt gg WW bb

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018
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HH in BSM (non-resonant)

Kt Kn _-H & 0000) <ooH
i e @ ol I t
H >~y g oooo ---H

e Strong effects on cross-

Kt
g c, .-H 82, C8 -H 8o, C .- H
¢ g . N .
g “H 8 “H 8 “H =

T 0.03}

To see deviation from SM:

0.025

» Better than 20% precision 02

on AHHH
. [1305.6397]

Less for NMSSM
» [1505.05488]
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0.01

0.005

section and myy shape!
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— Cyy = 1
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95% CL upper limit on o(gg—HH) [fb]
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BSM limits for bby~ and bbrr

« BSM: 12 “benchmark points” 3 oo PMTRREIET — k==

_ bb 0.025; _Ei;l =1
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Flavor Physics: B, — ptu™

Observation by LHCb alone! (7.8c) °

 previously by LHCb + CMS combination >
 BDT to identify two u from same vertex

[ | | | | | ! ! ! | BS/
: Tgtal o 4
C| LHCb — =B/ > u'p
"  BDT>05 B” - p'y
------ Combinatorial
B, —h™h"
Consistent with SM

== Bl = (KOR'y,
B _ '—"50(+)|-1+l-1_
e AL UV,

predictions.

II|IIIlIIIIIIIIII|IIII|IIII|IIII|I

‘ B* o Jwirty Set stringent limits on
' + ¢ VH Vu possible BSM models
S e o + 1 /
:'- s -ﬁp‘:.-'.--:-."--.- ..:...I I l I I l :
500 5200 5400 5600 5800 6000

M. [MeV/c?]
Phys. Rev. Lett. 118, 191801 (2017)



Flavor Physics: anomalies in b — s ¢~

Differential BR in several
b — slT¢~ processes

systematically lower than
SM predictions.

JHEP 04 (2017) 142

21

» Angular analysis (e.g. P;
from Run 1, 3 fb-1) also
show tension with SM.

o LHCb data

[ ISM from DHMV ]
SM from ASZB

JIp(1S)

+
P(2S)

—0.15 —————— .
> LHCb
S B® —» K*utp~ -
= 0.1 -
u.‘ -
<) ]
S ood o
0.05 —— -
: i
0- M ] M M M | N ] M 5 M N

0 5 10 15
g? [GeV? 4]

Petar Maksimovic, Johns Hopkins

Latest LHC Results
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sy JAFPO4 @O 142
> LHCb
< I B® = K*u"p~
Qo
— 0.1
NQN i
= 4
S o )

0.05_ —4— —

00 5 10 15
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Flavor Physics: anomalies in b — s ¢~

Differential BR in several

b — s¢T ¢~ processes

systematically lower than

SM predictions.
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* Angular analysis (e.g. P,
from Run 1, 3 fb-1) also

show tension with SM.

Hints of BSM physics,
or... underestimated
QCD uncertainties?

Petar Maksimovic, Johns Hopkins
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Latest LHC Results
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CIPANP 2018



Flavor Physics: anomalies in b — s¢™ ¢~
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 Angular analysis parameter P5’ also measured by ATLAS and
CMSin B - K*ut ™ decay.

EL"O 1.5

- CMS

— LHCb

~ Belle
SM-DHMV
SM-HEPfit

1

11 | - L1 1 11 1 1 L1 | | 1 11 | | L1 1 { 1 1 1 | 1
-0 2 4 6 8 10 12 14 16 18 20
q? (GeV?)

ATLAS: generally in good agreement !

with SM, exceptaw 8 2
deviation in 1 bin o? [GeV7]

-0.5

CMS: data compatible with SM
predictions in the whole range

"
b
':!_
b-
10))

LI L R I B R N S
Vs =8TeV, 20.3 o'
-§- Data
CFFMPSV fit
theory DHMV
theory JC

\O;
T
1iRs

1 | 1
10

o
[\
N
»
oo

arXiv:1805.04000
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Part |I: BSM Searches

Precision tests of Standard Model Study EWSB:
- top, electroweak, QCD /// - find Higgs
- flavor physics b - study its properties

- measure Higgs

Standard potential
Model
oM. SUSY? Extra
dimensions? Other weird stuff?/
/ Dark Matter :

Search for BSM:

- directly

=indiracthlinprecision Study strongly interacting matter

measurements) at extreme energy densities.

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018



Light X — g

» Light X recoils against ISR jet / photon

%10?EIIIITIIIT]ITII]III'I]TIII%
© - ATLAS ¢ Data E
B [ Vs=13TeV, 36.1 fb" [ Background est. -
o - i -
& 19 E Jetchannel Bl W/Z + jets 3
o[ Bkg. stat. uncert. .
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ATLAS: arXiv:1801.08769 (see also CMS: EXO-17-001 )
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/

Use substructure to

-

Jet has two “prongs”.

isolate signal from QCD

\

/

J I I ] I I L) I ] 1 I Ll T I T I | 1 I
I | | | | 3

-

- ATLAS — Observed 95% CL limit |

- Vs=13TeV, 36.1 fb" - Expected 95% CL limit
[ I Expected limit 116

- —

Expected limit +2 ¢

[
lll.l].).ll

l.lLlllJLl.llllL_l_ll.

L1 M N B S B PRI I B A B

700 120 140 160 180 200 220
m,. [GeV]
2.40 deviation at 140 GeV
(1.20 global)
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Diboson resonances

With leptons, MET All hadronic

ZH (with Z to vv) WH (with W to Lv) ZH (Z to ll)

Moriond 2018 35.9 fb" (13 TeV)
Bulk Graviton (E =0.5) — HH—-2b2t (B2G-17-006)
_ 95% CL upper limits — ZZ—212v (B2G-16-023)
 Heavy use of jet 10 - — Observed — HH—4b (B2G-16-026)
----- Medi ted — 27292l (B2G-17-013
substructure for edian expecte 2021 { )

— WW—4q (B2G-17-001)

merged jets from  _ 1f ZZ—4q (B2G-17-001)

4 — ZZ—2qg2v (B2G-17-005)
e Vo aqg R WW-2qlv (B2G-16-029)
« Hobb e10

1072

Preliminary
L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 l L1 1 1 I L1 1 1 I L1 11 I L1 1
0.5 1 1.5 2 2.5 3 3.5 4 4.5
mg [TeV]

10°°




A — ZHheavy

* Additional Higgs bosons
well-motivated in many
BSM scenarios

(e.g. 2HDM)

 Here, two heavy Higgs
bosons: ma # mu,.,.,

S

m, [GeV]

700} ¢
600 ..
500

400

300

IIIIIIIII—’
ATLAS i

\s = 13 TeV, 36.1 ﬂa_
2HDM Type Il -
95% CL exclusion -
—— Obs. tanp=1
| |Exp. tanp=1
—— Obs. tanp=5
[ JExp. tanp=5
-« +1otanf=5 1
Obs. tanp=10 1
Exp. tanp=10 A
— Obs. tanp=20 1
DExp tanﬁ-zﬂ

arXiv:1804.01126

PRI RN SR A
200 300 400

el
500 600

700 800 900 1000
my [GeV]

Events / 50 GeV

Data/Prediction

106
105

104

(€€)(bb)

27

ATLAS

Js=13TeV, 36.1 b

my = 500 GeV, np =2

Data ]
ggA, ma =670 GeV -
Z+(bb, bc, bl, cc)
Top quarks _
Z+(cl, 1) E
W-+jets, diboson, Vh 1
ttv E
Total uncertainty
Pre-fit background

600

700

750

800
Mypp [GEV]

Hopefully, the first in a series of
X—YZ searches. (Many models.)
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Long-Lived Particles

Displaced leptonic vertices )
------------------ neutral particle P P Displaced

jet vertices + MET

——— charged particle

e highly ionizing particle

Displaced

— electron jets in the ID

—  muon Disappearing
———> photon tracks

Displaced jets in

imet
Stopped LLPs the Calorimeter

NOT IN FILLED
BUNCH
CROSSING

----------
....................

Displaced jets

Late photons in the MS

b Meta-) Stable Displaced Lepton-jets
_ Highly ionisin ( P pton-j
(Slide from particles ﬂw

Emma Torro)
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Long-Lived Particles

Displaced leptonic vertices

““““““““““““ neutral pamde ee, mumu channels:

ATLAS, 8 TeV, 20.3fb-": Phys. Rev. D 92, 072004
CMS, 8 TeV, 20fb-": Phys. Rev. D 91 (2015) 052012

emu channel:

— et

Displaced
vertices + MET

ATLAS, 13 TeV, 32.8fb":

——— charged particle CMS, 13 TeV, 2.6fb-: CMS-PAS-EX0-16-022 CERN-EP-2017-202

- highly ionizi article .
swaes®®™  highly ng p Displaced
—— electron jets in the ID
— muon Disappearing esult: PRD 92. 012010 (2015)
——— photon tracks

ATLAS, 13 TeV, 36.1fb-1: SUSY-2016-06
CMS, 13 TeV, 38.4fb-": CMS-PAS-EXO-16-044

Stopped LLPs
NOT IN FILLED
BUNCH CMS, 13 TeV, 36.1fb ™
CROSSING |CMs-£x0-16-004

Late photons

ATLAS, 8TeV, 20.3fb-": Phys. Rev. D. 90, 112005 (2014)
CMS, 8 TeV, 19.1fb-": CMS-PAS-EXO-12-035

(Meta-) Stable

ATLAS, 13 TeV, 3.2fb":

Highly ionising :
particles :

NN

o\

Phys. Rev. D 93. 112015 (2016)

Displaced jets in
the Calorimeter

8TeV r

ATLAS, 13 TeV, 3.2fb "
ATLAS-CONF-2016-103
CMS, 13 TeV,
2.6fb-":EXO-16-003

Displaced jets
in the MS

8TeV result:
PRD 92, 012010 (2015)

\ Displaced Lepton-jets

13 TeV result, 3.2fb-:
ATLAS-CONF-2016-042

8TeV result:_ PRD 93. 052009 (2016)

(Slide from
Emma Torro)

-

CMS, 13 TeV, 2.5fb":

Phys. Rev. D 94 (2016) 112004

=
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Disappearing tracks

 Anomaly-Mediated SUSY Breaking:
« almost degenerate neutralino and chargino, Am ~ 100 MeV

A feat of
dedicated tracking
technology

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018
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Disappearing tracks

 Search sensitive to LLP lifetime of 10ps to 10 ns

* Limits of chargino mass vs its lifetime

x107® B\ 38.4 fb' (13 TeV)

T T T T v [72] | T T T |
cc>>’ pixel | scT | TRT jz - % i :
s PR RSy S T iy 5 o ]

2 L 118 E YL E
% - B 1.6 E - CMS Preliminary .
S 0.8 —1.4 § - tanp=5u>0 1
-§ i _:12 -g 1o B(’)ZT—»%?:::):‘IOO% B
= 0.6 41 B - 95% CL limit -
& [ ATLAS Simulation 3 o & L X — ]

& 0.4 =08 5 B =10, eriment
ECII:J il — Fraction of charginodecays 7 5 R Med?:; 2; scted iy
L (EW prod., m.. =400 GeV, .. = 0.2 ns) 06 c 1= P _
- . “ g ] O = == Observed E
0.2 ¢ Pixel tracklets —0.4 © = 3
- Standard tracks ] g - ’
- —0.2 WL - .

Ol —A—MO e
0 200 400 600 800 1000 107°E N
Decay radius [mm] 200 400 600 800

m.. [GeV]

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018
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Massive Dark Photons — a dark sector portal

QT ———— : ———————— .
R 10° LHCb = isolation prompt hke Sample
i =13Tev } & applied j pr(p) > 1GeV, p(p) > 20 GeV
E f\h/\” . | prompt pu*
2 10t B o ., 3
jo5] .._
ks 10° - 3
2 F
= 10 3
)
. 10° 0*
uu final state. — > m(upT) [MeV] Same BDT as B — L4

Both prompt and
displaced. 5, 107

.( [ 4
WV\)(\./\M, 107

90% CL exclusion regions on [m(A’), £?]

(n
|l

10°¢

S

' 10°°
9.

7

~* A’

10-¢ displaced

/\Norld’s best limits »
10.6 — 70 GeV 10

First displaced limits. 10
N > >

107°

)

[ LHCb

107! - Previous Experiments

paaal i 1 3 33331

1072 107! 1 10

A) [GeV ]
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Part lll: Heavy lon Physics

Precision tests of Standard Model Study EWSB:
- top, electroweak, QCD // - find Higgs
- flavor physics b - study its properties

- measure Higgs

Standard potential
Model
BSM: SUSY? Extra
dimensions? Other weird stuff?
/ Dark Matter
Search for BSM:
- directly
- indirectly (in precision Study strongly interacting matter
measurements) at extreme energy densities.

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018
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Collective flow, using direct photons

» Study QGP, photons escape the collision zone unaffected

« Carry info on conditions at production time, and on the

Challenge: must subtract large 0.1
decay photon bkg!

developmentOf 1>->N — I L I L O O Y [
: 05 0-20%Pb-Pb, s, =276 TeV B
collective flow. L [e]v%, ALICE -
Z vl % ALICE simulation i
EI|pt|C flow: 0.4l vl ¥ hydro, Paquet et al. _
] [ - vl 9" hydro, Chatterjee et al. ]
o OA+ o OS* - e vl 9" PHSD, Linnyk et al. -
<<112 y %A >><<112 y %IZC >> 03 Boxes indicate total uncertainties —
V2 = A ACx - ’
\ <AQTZ : %> i Some of photons emitted late.

A C 0.2

e Need more stats to settle
“direct photon puzzle”.

1 2 3 4 5 6 7
arXiv:1805.04403 p; (GeVic)

o
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Nuclear modification factor, R, ,

» Jet quenching = hard partons lose energy in QGP medium

* Normalize double-differential rate:

(suppression of jet yields in central

o . Raa =

collisions relative topp) — » "AA
1: =
3 0.9 ATLAS E
N 0'8§ anti-k, R=0.4 jets, |5 =5.02 TeV E
0.7F —
0.6F =
= T =
0.4 3
03 — < Daa =
—  — SCET., g=1.8 -
02 SCET.. g=2.2 0-10%, ly| < 2'15
““F MMM SCETNLO 2015 pp data, 25 pb™ 3
0.1 s LBT i
- ———— EQ276Tev 2015 Pb+Pb data, 0.49 nb™"3
oF . | TRTPDAdd, UAY D S
100 200 300 500 900

arXiv:1805.05635

Py [GeV]

1 d*Ni
Nevt dedy

cent

(mean nuclear
thickness function)

Comparison with
models of QGP
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Studies of QGP using “jet grooming”

» Jet grooming: remove large-angle, soft radiation inside a jet

* reveals underlying hard structure
 study interactions of hard partons with QGP

_ Modification of Zg distribution in PbPb

21I[I][I1I|]IIIIIIII|1II1[I]II|IIII[I1[I]IIII|II[I
&’ ALICE Preliminary (Data - Embedded) 0.1
PbPb - PYTHIA Embedded S, = 2.76 TeV '
O_S‘ao <p{!"* < 120 GeV/c, anii-k; A = 0.4 ]
L Suppressed 4 —0.05
&"\ L _
T
N 1
c |
-6
. -0.05
-  SoftDrop z,,=0.1,5=0
_8_— Cambridge-Aachen Reclustering Enhan
L 1st SD Splitting ced 04
_10'_III||I|II|IIIIIIIII|II|I||III|II| |II|II
05 1 15 2 25 3 35 4 45 5
Large angle In(ﬁ) Collinear

PbPb
Smeared pp

PbPb 404 b (5.02 TeV), pp 27.4 pb” (5.02 TeV)

antik; R=0.4,n_| <13 ]

5:_CMS SoftDropz 1—05 =15 - Groomed
- AR,,>0.1 ,
of. === ?atal Recol ffglentrallty 0- 10% A mJet /pT
I —— Jewe ecoll o .
IR Jewel (Recoil on) E in QGP
i QPytma §
¢ —
- 140 < P, S 160 GeV \
i 160<p (<180 GeV C_Ompanson
- with models
5—:— of QGP

|||I\u|||||||u||||||u|

arXiv:1805.05145



Part IV: The future

* Peak luminosi ~Integrated luminosi
6.0E+34 [ N-E AV < a— — — 5 3500
5 HL-LHC
5.0E+34 | Run 2 | | Run 3 LI LR S e o o ~3000 fb'1
Splices Injectors :iiWB* [ 2500 @
fixed upgrade i i .y
= 4.0E+34 P9 | quad . z
B ! ‘ 7]
£ — o~ < LN 2000 2
S 3.0E+34 v v | u V) %) E
= — - | .| — ‘ 3
e : 1500
8 é ®
£ 2.0E+434 la @ ® ©
g e ® ® | - 1000 :?
3 . | 2
1.0E+34 . : ~30) fot ‘ " 500
~100 fo! |~ |
e \

0.0E+00 —* 0

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25726 27 28 29 30 31 32 33 34 35 36 37

\ﬂ_/

Collected so HL-LHC
far @13 Tey 1N 3 - =301
~ 100 fb-! ~X3 '

« With x30 statistics, greatly extend reach of all searches!
* Greater luminosity: a blessing and a curse

 Upgrade detectors to cope, but also to improve capabilities
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Upgrades for HL-LHC

 “Pile-up” = additional interactions in the same bunch crossing

 High Luminosity <=> Large number of pile-up interactions

(£8-pile=up collisions)

e Pile-up trouble:

 Energy added to jets

 Many spurious hits in the tracker
e Larger data volume

« Larger trigger rates

 Much more radiation damage
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Upgrades for HL-LHC

40CMS Preliminary 12.917" (13 TeV, 2016)

* Pile-up mitigation #1: software

355— -+ PF E-Tiss Z— uu
-+ Puppi ErTniss Z— un
- q,>50GeV

(u)) [GeV]

(=]

 clever algorithms to remove &
correct effect of PU offline

» data still needs to be read out

3

/O‘
2B

-
[4)]
TTTTTT [ TTITT

10f

e Pile-up mitigation #2: better hardware .t

« smaller granularity Q'
e more rad-hard =9
- faster read-out R

# Vertices

 Main goal: maintain performance @ very high # of pile-up.

 However, can improve physics too!
* new detector systems, new triggers

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018
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_ / / /
E 1200 ——
= F :
1000 :— "I‘
800 —— low transverse
— momentum
600 _— 1 Lk
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— I T T I I 2
40— 255 > 5 B T U N ”n ::u ::u ::u ”n - 28
N N N NS N W R\ \ 0 0" 32
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« Tracking information improves other triggers (e.g. leptons)

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018
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Summary

 LHC has a rich program in searches for solutions to many
remaining questions.

* Run2 @ 13 TeV = a new territory
» Lots of things to watch with the new 2017, 2018 datasets

 New ideas and new techniques

e |look in areas not previously accessible
* high mass, low mass, or displaced

Still to collect ~ 97% of LHC data. We are only getting
started!

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018
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BACKUP MATERIAL

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018
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LHC overview

Proton-Proton 2835 bunch/beam
Protons/bunch 10"
Beam energy 7 TeV (7x10'2 eV)

Luminosity 10** cm? s’
® 9.‘ ;‘ .' N O“ b g
Bunch ““‘ 5 &5 ’:_-f . Crossing rate 40 MHz
Proton with every bunch crossing
~25 Minimum Bias events
Parton with ~2000 particles

(quark, gluon)

produced

Selection of 1 in
10,000,000,000,000

Particle

(Slide: W. Smith)

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018



LHC: the cast of characters

« ATLAS, CMS:

* 47 detectors, excellent coverage in central area,
sophisticated trigger system

e |LHCD:

« all forward: high-n coverage, dedicated triggers for B physics

 ALICE:

e 41, coverage in central area, but optimized for lower DAQ
rate of Heavy lon collisions

Detector

44
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ATLAS and CMS Trigger systems

Detectors

@ Front end pipelines
@ Readout buffers

- Switching network

@ Processor farms

Run 1 ATLAS: 3 physical levels

(Slide: W. Smith)

—

Detectors

@ Front end pipelines

Readout buffers

Switching network

Processor farms

Cj_l

CMS: 2 physical levels

Petar Maksimovic, Johns Hopkins Latest LHC Results CIPANP 2018



Flavor Physics: CKM

« CKM: status in 2018: all is well, at O(10%)

46

e T ! Direct CKM fit
I T % ] o o
bl K amgd Am, a = (8763;) (92.T::?)
. B=(222 0.7y (23.74’;3;3)"
= w y=(762%)  (6595%)
_ _2B_=-0021= 0031 -0,0370= 0.000¢
-0.5 — : -
1ol y ey Sensitive to BSM
il aiwims-o ] contributions directly.
d'ﬂi . L-o]:,1 . 'oio: . Lolsl a L1lo' . 1121 h ;10 (~ 0in SM)

p
» Search for small deviations in:
» precisely predicted SM processes

» forbidden processes that can only occur through BSM

* (new particles at loop or tree level).



Flavor Physics: Bs — uu

 QObservations by LHCb and CMS

consistent with SM:

60

20

-
o

I||III|I||L‘|||III||||||I|II

Weighted candidates per 40 MeV/c?

Br(Bf—» M+#-)= (Z.Bfgg)x 10—9 6.20 arXiv: 1411.4413
Br(BY — pu'u)=(3.975)x 10
ATLAS: Br(B® — u* )= (09°1)x 10°®

Eur. Phys. J. C76(2016) no. 9, 513

H

d/s

Nature 522 (2015) 68

CMS and LHCDb (LHC run I)
—

I ' ' ' I
—é— Data
—— Signal and background
B> u'w

B w'y
-« = Combinatorial background
----- Semi-leptonic background
= = Peaking background

m. [MeV/c?]

b Wed "
B’ tcula Mv
S/d 1™~ q

---- u'

a N
Both CMS and LHCDb
benefit from
dedicated

uu triggers
- /
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H (bb)H (bb)

 “Boosted” channel: Improve access to large mun

Two merged H—bb jets e b tagging, jet substructure

* | * Resonant X—HH and
>‘ nonresonant (SM and BSM)

PLB 781 (2018) 244 rXiv:1804.06174
( ) 35.9 b (13 TeV) a 804.06
E L L L B L L B S S 3 E _ T T T T T T T ]
S <L CMS Iflt;ggy 1 = [ ATLAS —— Observed 95% CL limit |
v 107 = 1l = N
% = — Estimated background 3 8 10 - Vs=13 TeV, 27.5-36.1 fb"'  ===== Expected 95% CL limit E
0 102 7777} Background stat. uncertainty _| -,Cl\’ - L ]+10 .
E e —— Bulk graviton 1000 GeV ; I 103 L l:' + 20 ]
1ok Signal cross section = 10 fb —;. % E Bulk RS, k/M,, = 1 g
= 1 £ ]
- 4 O 5

1 1 110°g E
= = o - -
C 1 £ o ]
107" © - ]
e N S 1 3 10e E
E') G 2w SR R S S E - o 3
dIJ % 0_“__"-17 — || B GKK—>HH—>bbbb N
oo P 1= S S — . =

B|g 2 0.3 0.4 05 1 2 3

1000 1500 2000 2500 3000
M g [GEV] m(G, ) [TeV]
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