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FOIRGIEES N PARTIGILE PRNSICS

The force properties are encoded

in the nature of the particle carrier
& its interactions with matter

MASS
X THE “CHEMISTRY” SPIN

———————————————————————————————— >
OF FORCES X

COUPLING




e FOIRCES WIE IKINOW ...

Short range

80.4 GeV
"W

g~ 0.64

90.2 GeV
7

g ~0.3

yukawas...

e confinement
* symmetry breaking

Seen in EU colliders : l@

Long range

0

Y

e~0.3

Seen in everyday life:
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NEW (DARK) FORCES?

PLAUSIBLE to imagine
new (dark) forces

to be present...
A




IDARE MATTER PIRODUGIION

Many Production mechanisms require a (new) FORCE
acting as a PORTAL

X
Example: FREEZE-OUT M

DM SM

Fixing the abundance of the Dark Matter today
sets the strength of the new force

(assuming annihilation mostly into SM)
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IDAIRE MATTER PAR. SIPAGIE
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FUTWIRIE 1EXIPIERINMIENTAL PIROGIRAM

Light thermal DM models are predictive targets for
future beam dump experiments!
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plots from Berlin,Blinov, Krnjaic, Shuster, Toro (2018)
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TARGETUNG &lE MIEIDIATOIRS

ABELIAN FORCES NON-ANOMALOUS)
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plots from Bauer, Foldenauer, Jaeckel (2018)
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WialA T ABOUT LLFIG?

Experiments using the LHC beam will take data for the next 10 years...

LSt EYETS 14 TeV 14 TeV
13-14 TeV
injector upgade bto 7 x
splice consolidation cryogenics [Nt 4 o nominal
7 Tev 8 Tev button collimators SE:F::S dispersi ]ntrfjl{illr]‘[;il‘}ﬂ HL-LHC installation ‘ lrlTH"\'lr:?\T“'
R2E project s:;:ﬁ:::t I«E-!\’;ll'ijr»nrj-‘ : ‘
radiation
damage
2 x nominal inosity ‘I
minal nominal luminosity ] experiment ade | '
iminosity I experiment beam pipes I/’— phrase experiment upgrade phase 2

NOW

NOW

FUTURE experimental effort
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* Crucial to understand the (missed) physics opportunities

* This understanding has an impact on the
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Tl @2 DISCIRIEPANGY

l The anomalous magnetic moment of the muon

SM prediction

| DISCREPANCY: Aaqg, =a;*" — a3 =273(80) - 107"

E821 experiment at BNL 2001, 2006 theory prediction @ 5-loops in QED 1. Aoyamaetal. (2012)
g-2 @ Fermilab SOON large sensitivity to hadronic contributions  A. Kurzetal. (2014)
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MUONIGC FORGES & G=2

New forces can accommodate the g-2 anomaly

Pospelov (2008)
—5 ]
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FUITUIRIE HIUNTS

New forces coupled mostly to muons require a dedicated experiment...

vector boson

|

‘\ “ I [(l - 2)/1 > Do ~
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Missing muon momentum | 10-2]
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2 proposals...

NA64M @ CE RN S.N. Gninenko, N.V. Krasnikov2014,2018 M O N EY ~+ Tl M E

A A
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IKAON FAGCTORY 3

North Area 62 ~ 10K

Veto
Photons and Muons

Hadron Beam
800 MHz ‘
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Kaon identification W ‘ )

In CEDAR GTK LI T T

I 1 RICH 7\ R MUV
S NG 7 STRAW
Fiducial Region 65m  Tracker CHOD
\ J
v
Total Length 270m

MAIN PURPOSE is to measure

BR(K' — mvi) ~ 1071Y  with 10% precision
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MUONIC FORGES @ NAG2

' g intense KAON beams
IDEA: >-;.< KT —u"+v BR =063.65% lead to A LOT of MUONS

B

\:’ﬂ“ﬂ / BR modified at the level of 10_8 at low masses
Yo s Sl

U
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Kt —ut+v4V

[ «INVISIBLE V' — inv.

2 POSSIBLE CHANNELS: <

|+ DLMUON V' = 24
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G=2 PARAMMIETIER SIPAGCE

vector boson

10°°F

Yy

* VISIBLE channel

107

e

HARM-II

under exp. study

* TRIGGER
CHALLENGES for

the invisible channel
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N
‘ NA62 can say something NOW! |
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G=2 PARAMMIETIER SIPAGCE

scalar

10°°F

_ BABAR
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* VISIBLE channel
under exp. study
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MUONIGC FORGIES & IDAIRE MATINER

A muonic force gives dark sector portal for freeze-out

Difficult for direct detection experiments (no nucleon or electron scattering)

Vector Model : L, — L, Gauge Boson + Dark Matter

107°F

Assuming Mz: 2> My > My

X

, Z, f
X>ww\<f

1077

Xy

— For a fixed mass there is a single coupling that leads
to the correct relic abundance

my [MeV]
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RNE ANV ISIIBILE SEMARGS

| m%2:(PV‘|‘PV)2
:(PK_PM)2

missing mass M iss

N

H events

modifications _ ]
of the high missing mass tail 107} .
000 005 010 015
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RNE ANV ISIIBILE SEMARGS

NA62 can probe this tail

because the Kaon are veryboosted
<p K+ > =75 GeV

| m%2:(PV‘|‘PV)2
:(PK_PM)2

missing mass M iss

N

H events

mx < Mmiss < MK — My, 104;‘ -—L‘ﬂ_

modifications :

of the high missing mass tail 107} E

000 005 010 015
Mmiss ‘ [GeV : ]




alE BAGCKEIROWNID ClalAlLILENGE

2015NA62 data: 24107 K+ — u™ +v

1/3 single muon trigger prescaling

3-108K™
0.35 acceptance
107 (b) : J | —e— Data | ) .. .
k- E<tomeyy|  Main background comes from the radiative tail of K+ — p + v
106 || “utvy (E_:>10 MeV)
L K- (upstream) . . . .
10° [ K —ntw If the photon is missed its energy contributes to 1M igs
I Other K" decays
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S
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very poor MC modelling in 2015 R
should get better with the GTK 10
( measurement of the Kaon momentum reduces the v
background from upstream radiation) 10°
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lE TIRIGEER ClllklLENGIE

The sensitivity in the single muon final state is REDUCED because NA62
looks into this only once in 400 times!

the 1/400 prescaling

solves a data storage problem ,
cutting m2.. > 2.3-107° GeV

miss
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alE VISIBILE SIEAIRGHE

SIGNAL: K+ — u™ +v+V(2u)

BACKGROUND: Kt — uTptp v inthe Standard Model

+
7 ut

>?<\”< BRpka = 7-107% NOT MEASURED YET!

d

Upper bound from E865  Brookhuen acs 2002 BR(K T ILﬁL ILPL uv) < 10™ ’

NA62 has the luminosity to improve on this & the trigger!

~ 100 events with the 2018 dataset from existing di-muon trigger

confirmed informally by NA62




alE VISIBILE SIEAIRGHE

Bump-hunt on the 2 OS di-muon invariant masses

the subleading muon leads

the leading muon leads
to a peak for high masses to a peak for lower masses
0041
0.03 |
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0.02 ‘[ my=216MeV
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0.00 ~__
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alE VISIBILE SIEAIRGHE

Bump-hunt on the 2 OS di-muon invariant masses

[nvariant mass bin: ™ _ 1 <5pﬂ+ o P “‘) —p P _g3%0 (0.005 Pu

mXx 2\ Pus Du_ Du

46+ 0041
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o data driven background from side-band 7 4 250 300

o subleading background from pions faking muons
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CONGILUSION

Kaon factories can probe muonic forces (and NA62 in particular)

Vector Model : L, — L, Gauge Boson Scalar Model: Visibly Decaying Scenario
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The challenges

CHALLENGE 1: Luminosity of the single muon trigger

Canwegofrom 3 - 108K e pp 1013 KT ? |

Problem: E— Solution:
Single muon trigger 2018 prescaled by 1/400 cutting at .1 on m2 ... >2.3-1072 GeV?

{ / Miss” [GeV?]
10~* of the events



The challenges

CHALLENGE 2: Background systematics

0.35
Sensitivity in a cut-and-count: f
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The challenges

CHALLENGE 2: Background systematics

signal per bin background
Sensitivity in a likelihood:
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The main purpose of NA62

% \’i \g{ - KT > atup

CKM: s, Val, Vil s

(0,0) (1,0)

B(KT — ntvp) = (8.39 £ 0.30) x 10711 . \Z3 2.8 y 0.74
40.7 X 10_3 73.90



