Search tor Light Dark Matter at Accelerators

58. International Winter Meeting on Nuclear Physics
Bormio, 24 January 2020

Ruth Pottgen






Ordinary Matter
5%

25%

Dark Matter

Dark Energy
70%



Dark Matter, a known unknown

ample evidence for existence of non-luminous form of matter

- all based on gravitational effects

» observed on vastly ditferent scales (single galaxies up to entire Universe




Dark Matter, a known unknown

ample evidence for existence of non-luminous form of matter

d

O

| based on gravitational effects

oserved on vastly different scales (single galaxies up to entire Universe

v(kmls)

100

Observed {

Expected
from
Se ~~ . luminous disk

5 10 R(kpc)

' M33 Rotation Curve



Dark Matter, a known unknown

ample evidence for existence of non-luminous form of matter vikmls) Observed

- all based on gravitational effects 100
Expected

» observed on vastly different scales (single galaxies up to entire Universe i o
~ -e...___ luminousdis
. J 0 Rkpo)
5 e ' M33 Rotation Curve

Distant Galaxy Lensed by Cluster Abell 2218 HST+*WFPC2 « ACS

.
o‘ '
. @ ;
‘ L ]
: e
\\ \... ., '. 3
’ - g
. 3 . O‘ o

ESA, NASA, J.-P. Kneib (Caltech/Observatoire Mfdi-Pvrénées) and R. Ellis (Caltech)) STScl-PRC04-08

o ‘..p‘ . .\ i
- ‘@ b3 it .
BTN
A /0 : g ey
»*ae WS e T

TS 3. W el



Dark Matter, a known unknown

ample evidence for existence of non-luminous form of matter vikmls) Observed

- all based on gravitational effects 100
Expected

» observed on vastly different scales (single galaxies up to entire Universe i o
~ *~-e...__ luminousdis

- 5 10 R(kpc)

- el S ‘ M33 Rotation Curve

Distant Galaxy Lensed by Cluster Abell 2218 HST+*WFPC2 « ACS
> E |

m ;
“ L - e
. ' O \ o

Y »
ESA, NASA, J.-P. Kneib (Caltech/Observatoire Midi-Pyrénées) and R. Ellis (Caltech)) STScl-PRC04-08

.  OP ’ i on o . o

i SRR . S
; ? ..’- . A o e

i

o
.,




Dark Matter, a known unknown

ample evidence for existence of non-luminous form of matter

- all based on gravitational effects

» observed on vastly ditferent scales (single galaxies up to entire Universe
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What Particles Masses?

Given astronomical observations, what are allowed masses of dark matter particles?

Anything from 10-20eV up to several solar masses. Depends on origin ot dark matter.

Here: Freeze-out trom thermal equilibrium in early Universe.
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Given astronomical observations, what are allowed masses of dark matter particles?

Anything from 10-20eV up to several solar masses. Depends on origin ot dark matter.
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Once interaction rate < expansion rate of Universe:
amount of dark matter remains constant (thermal relic)
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< Constrains viable mass range to MeV - TeV region!
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What Particles Masses?

Given astronomical observations, what are allowed masses of dark matter particles?

Anything from 10-20eV up to several solar masses. Depends on origin ot dark matter.

Here: Freeze-out from thermal equilibrium in early Universe.

production
SM
Once interaction rate < expansion rate of Universe:
amount of dark matter remains constant (thermal relic)
SM L .
< Constrains viable mass range to MeV - TeV region!

annihilation
below: problems with BBN, structure formation, AN

above: too much DM
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Searches for Thermal Relic DM

Thermal Relic
TS LT
MeV GeV TeV
SM DM / Dark Matter Particle Mass
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Thermal Relic
T s
MeV GeV TeV
SM DM / Dark Matter Particle Mass
Some non-gravitational interaction!

(i.e. we might detect it in experiments)
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Searches tor Thermal Relic DM

WIMP: Weakly Interacting Massive Particle
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Searches tor Thermal Relic DM

Thermal Relic
Light Dark Matter WIMPs
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interaction with interaction of
light mediator Standard Model
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Active Field

Dark Sectors 2016 Workshop: Community Report

W

US Cosmic Visions: New Ideas in Dark Matter 2017 :

arxiv:1707.04591
Mass range ( GeV) Sensitivity First beam|

Community Report

arxiv:1608.08632

https://home.cern/scientists/updates/2016/05/cern-
launches-physics-beyond-colliders-study-group

CERN launches Physics Beyond Colliders

study group

Experiment Machine Type Ebeam (GeV)| Detection
Future US initiatives
BDX CEBAF @ JLab | electron BD | 2.1-11 DM scatter | 0.001 < my, < 0.1 > 1013 2019+ We are pleased to announce the kick-off workshop of the "Physics Beyond Colliders" Study
COHERENT| SNS @ ORNL proton BD 1 DM scatter m, < 0.06 y 2 1071 started Group which has recently been set up by CERN Management. The workshop will be held
DarkLight LERF @ JLab electron FT 0.17 MMass (& vis.)| 0.01 < mu < 0.08 €2 >107° started )
LDMX DASEL @ SLAC | electron FT | 4 (8)* | MMomentum my, < 0.4 €2 > 1014 2020+ at CERN, Geneva, on September 6-7, 2016.
: 2 —8
MMAPS Synchr @ Cornell | positron F'T 0 MMass 0.02 < mar <0.075 e 210 Sl The aim of the workshop is to explore the opportunities offered by the CERN accelerator
SBN BNB @ FNAL proton BD 8 DM scatter my < 0.4 y ~ 10712 . . .
SeaQuest MI @ FNAL | proton FT | 120 vis. prompt | 0.22 < mu <9 e>10*  The aim of the workshop is to explore the opportunities offered by the CERN accelerator
vis. disp. ma < 2 €2~ 10714 - 10~
. o complex and infrastructure to get new insights into some of today's outstanding
Future international initiatives
Belle I |SuperKEKB @ KEK |t collider]  ~53  |MMass (& vis)| 0 < my < 10 2>109  questions in particle physics through projects complementary to high-energy colliders
MAGIX MESA @ Mami | electron FT 0.105 vis. 0.01 < my < 0.060 €2 >107Y L. . . . .
PADME | DA®NE @ Frascati | positron FT | 0.550 MMass mu < 0.024 2>10-7 and other initiatives in the world. The focus is on fundamental physics questions that are
SHIP SPS @ CERN proton BD 400 DM scatter my < 0.4 y > 10712 2026+ A— -
VEPP3 VEPP3 @ BINP | positron FT | 0.500 MMass  [0.005 < mu < 0.022] 221078 ‘ 2019-2020 S ——
Current and completed initiatives
APEX CEBAF @ JLab | electron FT | 1.1-4.5 vis, 0.06 <mu <055 | =107 |2018-2019 Physics Beyond Colliders Annual
BABAR PEP-II @ SLAC |eTe™ collider ~ 5.3 vis. 0.02 < mu < 10 €2 >107"7 done
Belle KEKB @ KEK |ete collider|  ~ 5.3 vis, 0.1 <ma <105 | 21077 done -~ Workshop
HPS CEBAF @ JLab | electron FT |  1.1-4.5 vis. 0.015 <ma <05 | € ~10" 7% | 2018-2020 Phy5| CS
NA/64 SPS @ CERN electron F'T 100 MEnergy my < 1 €2 > 10710 started e
MiniBooNE | BNB @ FNAL | proton BD 8 DM scatter my < 0.4 y > 1079 done : B €yon d
TREK KT beam @ J-PARC| K decays 0.240 vis. N/A N/A done

UNIVERSITET

Basic Research Needs for

Dark Matter Small Projects

NeW |nitiatives October 15 — 18, 2018

Ruth Pottgen

“Colliders

21-22 November 2017
CERN

Caarcrt
Search...

Bormio 2020

24 January 2020


https://home.cern/scientists/updates/2016/05/cern-launches-physics-beyond-colliders-study-group
https://home.cern/scientists/updates/2016/05/cern-launches-physics-beyond-colliders-study-group
https://arxiv.org/abs/1608.08632
https://arxiv.org/abs/1707.04591

How to realise LDM

representative benchmark model: Dark (Heavy) Photon (A')

spin-1 particle, mass ma # 0 (MeV - GeV) conservative: ap=05 = =1
* mixes with photon (g) o a[unc 7
[0-5}LEP /
I D_ﬁ E787/949 MiniBooNE

9 m2 2 m4 1 ¥ |
~ LN X ~ —_ 10" . T .
OV ~ QpDE” a= ~ QDE” -y ™~ Yoo g e clear experimental
A A X X 1014 o
eud®” h |t t
4 10-13 pse thermal targets
2 _ -
Yy = apeE m4X
A’ IU—H’}_
| | " I 10 102 10°
INteraction strengt
J Toro & Krnjaic My [MEV]
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Signatures

secluded airect annihilation

2 5 2

ov X Q7 ; oV X €°Qp
1
|
X A1 X f~
| A/
|
|
X A X fr
|
|
|
|
|
|
froo I
|
A/ : A/
|
|
. | .
:
s
visible : invisible
.| missing...
prompt decay (resonance feature) i ... mass

... enerqgy
... momentum

rescattering

long-lived (displaced decay)
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Accelerator Searches

SM

DM

DM

production e.g. via
dark bremsstrahlung
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Accelerator Searches

SM Fixed DM escapes, measure scattered SM particle, Ngg ~ €2
Target NA64(++), LDMX, PADME, MMAPS, VEPP3, DarkLightll...

DM

DM

production e.g. via
dark bremsstrahlung
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Accelerator Searches

SM Fixed DM escapes, measure scattered SM particle, Ngg ~ €2
Target NA64(++), LDMX, PADME, MMAPS, VEPP3, DarkLightll...
Beam detect DM rescattering, Ngg ~ €%
Dump E137, BDX, LSND, MiniBooNE, SHiP, SBNe/pi...
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Accelerator Searches

SM Fixed DM escapes, measure scattered SM particle, Ngg ~ €2
Target NA64(++), LDMX, PADME, MMAPS, VEPP3, DarkLightll...
Beam detect DM rescattering, Ngg ~ €%
Dump E137, BDX, LSND, MiniBooNE, SHiP, SBNe/pi...
production e.g. via also: colliders (‘'mono-photon’)
dark bremsstrahlung BaBar, Belle Il, LHC

[not in this talk]

~
~
~
~
~
~
~
~
~
S
o
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Beam Dump Experiments



Flectron |: E137

reanalysis of E137 data (1988), "proot of principle”

» search for neutral metastable penetrating particles
» 20 GeV electrons on SLAC beam dump, total of 2x1020 EoT

- Phys. Rev. Lett. 113, 171802 (2014)
30
= . electromagnetic calorimeter
s " /
o o s look for shower with:
arget
— H .+ E>1GeV
S | . .
| » pointing back to dump
0 - 100 - 200 - 300 - 400 o
Distance (m) 0 observed —> Ngs = 3
- X
e Al [ _—>
— — - Phys. Rev. D 38, 3375 (1988)
Beam Target Dirt Detector
X
;3’,<
6; g > . X g g X
Production E’y Scattering A
Al vA e g R e
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https://arxiv.org/abs/1406.2698

Electron |I: E137

Phys. Rev. Lett. 113, 171802 (2014)

m, <0.5MeV, ap=0.1

first reanalysis assuming dark bremsstrahlung production:

detailed simulation of original detection threshold/
trigger, including systematic studies
1072

----------
»
»

s
S
S

o 103" 7

more recent re-interpretation including e*e- annihilation - a
channel from secondary positrons 4
10™ ; _1 G2 2y
i E&‘o/,,/
Phys. Rev. Lett. 121, 041802 (2018) -
g Emﬁ\Ge\I
LSND
10_5 — ‘ ‘ 0.1 | 0.2 03
1073 1072 0.1 ] 10
nmy: [GGV]
Ruth Pottgen Bormio 2020 24 January 2020
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https://arxiv.org/abs/1406.2698
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.121.041802

Flectron Il: BDX

BDX - Beam Dump eXperiment  anxiv:1607.01390

» first dedicated (electron) beam-dump experiment for LDM search
» approved for 285 days (~1022 EoT) @ 11 GeV (CEBAF@JLab)
» detector ~20m behind Hall A beam dump, new experimental hall

» sizeable overburden to reduce cosmic backgrounds (~10m water equivalent)

reduce beam-related SM backgrounds

: : ™ BB — — g _ . if
- \ \ N E"-g 3; i _ A —
i T

Existing Beam Dump & —— I Nl N

Hall A Infrastructure J -
(Translucent) v y b 1 E
| e \ /sutst.ome |
_'"T-‘-‘ ‘ AR J, W i . \ .
e . . ﬁ,f_ ' .? G
¢ '.:-:‘ . : ‘:' . | He
= 7 N
1 ‘:“ = Ko ? -
: ‘.}"
New BDX Facility — ‘
(Opagque)
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https://arxiv.org/abs/1607.01390

Electron |I: BDX — Detector

arxiv:1607.01390

active veto sandwich
* iInner & outer
- plastic scintillators

passive veto
» 5cm lead bricks

2 prototypes
* measured cosmic and
beam background
» validated MC simulations
and cosmic estimates

homogeneous electromagnetic calorimeter
- 800 CslI(TI) total interaction volume 0.5 m3
* SiPM readout

* measure ~GeV shower from X-e scattering

+ ~MeV signal from inelastic X-nucleon scattering

Ruth Pottgen 16 Bormio 2020 24 January 2020
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https://arxiv.org/abs/1607.01390

Electron Il: BDX — Sensitivity

>,10_6 = ? RS
E g' $?,65* ¢'
expected backgrounds (350 MeV energy threshold) . a, 2
10_7 = 'ql "'
* cosmogenic backgrounds: O = ' ’
- 107° £ ] ./
* neutrino backgrounds: ~5 events S_BaBar___ o aeaoooutan JUR L) R
C 4 '\'3(\¢' Y
I’ n’ Cala
107 = P : °
= ,° ’ iermlon
[ o’ / . a2
10710 L PR et . m'dlorim
sensitivity shown BT
. _ Wy L =
for ap =05 T 3 E
 includes annihilation channel discussed in 19
Phys. Rev. Lett. 121, 041802 (2018) ]
10‘14;
10—15 _I [ 111 | 1 1 | [ N T | | | |
1072 107 2
m, (GeV/c”)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.121.041802

Proton Beam Dump

experiments with promising sensitivity —Phys.Rev.D95,035006(2017)
Name Energy POT |Detector Mass Material | Distance | Angle | Efficiency
T2K-ND280 (POD) 30 GeV |5 x 10*! 6 tons|H2O,Plastic| 280 m| 2.5° 0.35 neutrino exneriments
T2K-Super-K 30 GeV |5 x 107 50 kilotons H,O| 295 km| 2.5° 0.66 P
400 GeV|2 x 10°° 10 tons LAr| 100 m 0 0.5
MiniBooNE, 92 GeV
Phys. Rev. D 95, 035006 (2017) RAS
different production modes 1000 £ T
. (% |
- radiative meson decay (low mass) = 100 resonant vector meson
. .. 2 f (p/w) Mixing
» bremsstrahlung with resonant mixing Y10 — 7° Decay
(intermediate mass) % i n Decay
» direct production (masses >1 GeV) > 0100 | Bremsstrahlung
- / _ o U.1007
qqg - A" — xX 7 5 . — Parton
T 0.010 \ —— Total
enerally “messier" —> higher beam backgrounds 0.001" N
J y J J 0.0 0.2 0.4 0.6 0.8 1.0
mV(GeV)
LUNDS Ruth Pottgen 18 Bormio 2020 24 January 2020
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https://arxiv.org/abs/1609.01770
https://arxiv.org/abs/1609.01770

Proton: MiniBooNE

dedicated run in 'beam-dump mode":
* Nov 2013 - Sep 2014, 1.86 x 1020 PoT, 8 GeV proton beam
» first dedicated DM search in proton beam-dump experiment

» well-understood experiment! (>10 years of operation)

Target Decay Pipe Beam Dump MiniBooNE Detector
" 12m diameter sphere
p = 800t mineral oil CH» (450t fiducial)
Alr ~1300 PMTs to detect Cherenkov light
50 m

refined analysis published,

additionally including
* neutral pion channel
» elastic electron scattering
» "time-of-flight”
arxiv:1807.06137
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https://arxiv.org/abs/1807.06137

Proton: MiniBooNE Results

o
fo=

Jy—
invis.

K*—mnt+invis.

favored

—_—
-_—

MB Elastic ,
MB Electron

+ Timing

Detection
Nucleon

10" =
’Lf? -
o _
1 10 8 —
) =
S C
'§< |
c"E) L
I MB Full N
- 107° =+ Timing
£
I B
g i
e
—-10
~ 10°°E
S i
AN |
w _—
| —  NA64
> L
10" _— 2
L |
10°

1072 107"

m, (GeV/c®)

arxiv:1807.06137

LUNDS

UNIVERSITET
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: K*—n++invis. }A E K[omim : Belic_t
| \ ensity
108 =5 ﬁ / 9 / / \‘ Jiy—Direct
- o, favored / - 10 — o, favored / invis u::elgggn
tﬁ B MB Elastic N BaBar _ " i XENO 1 ; ¢,‘p / BaBar
5‘: 10° [D)J;::aCttion S ’
- = MB Full N ’ Nucle § 10710 MB Elastic u/ 4 ’
g — + Timing ~ — MB Full N Al
n @ f------"""" Il _ + Timing — -
> B > = - -
E ol E
< 10 = “,’-; 10" M_?_El_ectron
> — = + 11Imin
£ F £ F g
§6 [ §5 C  NAGA b
NS 1011 "S i
I = n 41012
> u > -
102 3 | /LSND
— UL L 10 =5 Lol ENIEEEE [
10°° 10°2 10° 107 107 10°
m, (GeV/c?) m, (GeV/c?)
change ot parameter values moves limits
relative to thermal targets
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https://arxiv.org/abs/1807.06137

Fixed Target Experiments



Complementary Approches

MmIssing energy missing momentum
E! < Ep E! < Ep
Target __ = _
e [T XX e 177 HT XX
E! = Ep L :Iiv?si?)lg Fi=pp L E[[\  Tnvisible
Tagger P acker
Target/ECAL/HCAL BICALEICAL
higher signal yield/EoT (thicker target) includes missing energy
greater signal acceptance ot as discriminator & signal identifier
no e-Yy particle ID e-Y particle ID

(A
O&
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NA64 — Missing Energy

100 GeV secondary electron beam at SPS at CERN Mu4
» low contamination with m (<1%), p/K (0.1%)

* energy tails <1%

T4
T3

Vacuum vessel

Magnet2
Magnetl

hermetic calorimeter
» ECAL (E < Epeam)

« PbSc sandwich, 40 Xg
+ segmented (2D)

e- tagging system

» tracker (100 GeV track) * HCAL (veto)
« FeSc sandwich, 7 AM/module

* magnetic field 7Tm
» WLS tibres in spirals (reduce

» synchrotron radiation detector (SRD)
leakage)

» particle ID (SR emission ~1/m?)
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NA64 Results

runs for invisible signature
« 2016: 4.3 x 1010 EoT [Phys. Rev. D 97,072002 (2018)]

120

i 10°
« 2017: 5.4 x 1010 EoT -
« 2018: 1.87 x 10T EoT 100
+ total: 2.84 x 10" EoT [Phys. Rev. Lett. 123, 121801 (2019)] .
—10°
> .
O] ]
3 60 .
: _
Background source Background, n, 40 10
(1) Dimuons 0.024 £+ 0.007
(ii) 7z, K — ev, K,; decays 0.02 £ 0.01 20
(111) e~ hadron interactions 1n the beam line 0.43 £ 0.16
(1v) e~ hadron interactions in the target <0.044 0
(v) Punch-through y’s, cracks, holes <0.01
Total n; (conservatively) 0.53 £0.17
signal region (scaled up by 5 in y-direction)
LUNDS Ruth Pottgen 24 Bormio 2020 24 January 2020



https://arxiv.org/abs/1710.00971
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.121801

NA64 Sensitivity

10~° E
107° approved for running in 2021
109 target: another 3 x 10" EoT
<
<
£ 10719 upgrade 2019/20 to tracker,
SX ECal, electronics
< 1071 .
5 —> improved performance at
Wo10-12 higher beam intensities
|
> 10—13
10—14
10—15 _ . R . L . RN
1075 102 101 1

m,,GeV
Phys. Rev. Lett. 123, 121801 (2019)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.121801

LDMX — Missing Momentum (Light

DM eXperiment)

multi-GeV electron beam (planned)

default: 4/8 GeV@SLAC, parasitic at LCLS-II
(potential alternative at CERN, up to 20 GeV)

goal: 104 - 1016 EoT in few years

measure missing momentum (and energy)

» powerful additional handle

Electron |1_D)T| Distributions, 50 MeV < E, < 1.2 GeV, p,>0

1_

| 10 MeV

energy Es,
> 10—1 4'1 6 Gev
Q ek 100 MeV
E P-_ 200 MeV
.5 ' 500 MeV
B 1000 MeV
g 10 1500 Mev Tracking
M

1073

0 100 200 300 460 500
Electron |1_5T| [MeV]
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LDMX — Detector

design paper
arxiv:1808.05219

leveraging techniques from existing/planned experiments

tracking
» simplitied copy of Silicon Vertex Tracker (SVT) of HPS
experiment@JLab
» tagging tracker in 1.5T field

» recoil tracker in fringe ftield
« 0.1Xo W target

ECal
» draw on design of CMS forward SiW calorimeter upgrade
- fast, radiation hard, dense
* high granularity (MIP "tracking’)

HCal

* need highly efficient neutron veto
- plastic scintillator, steel absorber (like Minos, MuZ2e)

small-scale

experiment

photon-veto
arxiv:1912.05535

expect close to 0 background for 4x10'4 Eo
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https://arxiv.org/abs/1912.05535

| DMX — Projected Sensitivity

10°°
_9*
10 _ DMX can explore a lot of new
S~ 10710 ODarameter space
<
E o ” .
N sensitive to various thermal targets
é 10-12 already with pilot run
-
@ 13 = LDMX:4 10 EOT (4 GeV) on 10% W (ue=1,1 yr) .
“W 10 = Extended: 1.6 10'5 EOT (8 GeV) on 40% Al (11e=2,2 yr) further POtentlaI to probe all
thermal targets up to O(100) MeV
L 107142 gets up to LD
10715- timescale: few years
10_16 | | [ I N B | | [
1 10 107 10°
m, [MeV]
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Summary

broad interest in Dark Sector physics, many new initiatives

extension of DM search programme to low mass is
» well motivated!
» progressing on broad front with complementary experiments
* new approaches in direct detection
» various accelerator based experiments
» could only cover some examples here

» sensitive to variety of models (no time to talk about)
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| ots going on and more to come!

UNIVERSITET

Elastic Scalar Dark Matter Pseudo-Dirac Fermion Dark Matter
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Thank youl!



Additional Material




Direct Detection

Direct detection: nuclear recoil due to WIMP scattering

» sensitivity drops quickly below tew GeV

Many new ideas in recent years to get to lower masses

+ needs lower energy threshola
*+ examples:
» electron-DM scattering

« semiconductors

Ruth Pottgen
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WIMP—nucleon cross section [cm?]
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Why not just direct detection?

direct detection:

strong spin/velocity dependency

Thermal and Asymmetric Targets for DM —e Scattering
10—35.

10737
10-39-
10~-41-
1043

10—45.

[cm?]

10—47.

Oe

10-49-
10-31-
10-53.
10-55-
10-57-

10—59.

1 10 102 10°
mpM  [MeV]
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Why not just direct detection?

direct detection: at accelerators: relativistic production

strong spin/velocity dependency —> spin/velocity dependency reduced

all thermal targets in reach!

Thermal and Asymmetric Targets for DM —e Scattering
10—35.

10—37.

10—39.

10—41.

10—43.

E787T /949
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Proton II: SHIP — Search for Hidden Particles

proposed experiment at CERN (Beam Dump Facility at SPS)
+ Comprehensive Design Study report in Dec 2019  CERN-5PSC-2019-049
» 400 GeV proton beam, goal: 2x1020 POT in 5 years

- search for weakly coupled long-lived particles (decay volume + spectrometer)

+ complementary for neutrino scattering and LDM search

scattering
and neutrino 1 s
__;-_—::__—:'-"__'_ o |
detector | S
target and i;.—;—'.—::‘::f:sfzzzzi;z“ : ‘?
hadron absorber \ < Ay
) R

pea decay
spectrometer
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https://cds.cern.ch/record/2704147

Proton II: SHIP — Search for Hidden Particles

proposed experiment at CERN (Beam Dump Facility at SPS)
Comprehensive Design Study report in Dec 2019 CERN-5P5C-2019-049

400 GeV proton beam, goal: 2x1020 POT in 5 years

search for weakly coupled long-lived particles (decay volume + spectrometer)

complementary for neutrino scattering and LDM search

scattering
and neutrino . T :
M
19x 19x Brick 5x Muon
hadron absorber Target Walls _ Downstream |dentification
Trackers Trackers system

UNIVERSITET

Ruth Pottgen 35

SND:

» precision spectrometer (1.2T field)

+ muon detector

» spectrometer: layers of absorber, nuclear
emulsion, tracking (total absorber mass: 8t)

» detect showers induced by electrons from

elastic LDM scattering

* nuclear emulsions provide topological
discrimination against neutrino backgrounds
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https://cds.cern.ch/record/2704147

Proton Il: SHIP — Sensitivity

tull simulation of neutrino backgrounds for 2x1020 POT

CERN-SPSC-2019-049 Ve e U, DU, all
Elastic scattering 81 45 56 35 217
Quasi - elastic scattering 245 236 481
Resonant scattering 8 126 134
Deep 1nelastic scattering - 14 14
Total 334 421 56 35 846

| VES | 1. QE
V. p
VA V
e e

Ruth Pottgen
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Relic Density

0 background

36

A Complex scalar
10-13 s o — Majorana
: ) ---- Pseudo-Dirac
] 5 10 50 100 500
M, [MeV/c?]
CERN-SPSC-2019-049 Xp=0.1
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| DMX: Backgrounds

re%ative incoming outgoing Veto Handles
rate _ _
100 € T > &
10-1 % bremsstrahlung
j_O'z > fy
10-3 % trident
10-4 : > tete
105 \————7 — hadrons
106 — e
10-7
4 0-8 "‘“ EN h ‘\ O
1 — > + ‘idr_ons >y — In/K} + soft
109 st ey L KF 4 osoft
10-10 o
10-11 o L W K*deca
10-12 _: in ECa
1 A ® s
10-13 Le
10-14 ‘\* o Hard Track
10-16  backgrounds B photo-nuclear ECal Energy instrumental backgrounds
ECal Feature
Gt 1] a9 16 v (Mgller + CCQE)
invisible” backgrounds « 10 D HCal Hits
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A special beam...

beam energy ideally 4 GeV < Eg < 20 GeV

looking for extremely rare signal
—> need very large statistics

goal: 104 - 10" electrons in few years

—> beam with high duty-cycle

resolve individual particles
—> low number of electrons per bunch (<10)
—> large beam spot

UNIVERSITET
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options (still an open question):

SLAC (default, first stage)
dedicated transfer line from LCLS-
(Linac Coherent Light Source)

CERN (later stage)
new Linac injecting electrons into SPS
(Super Proton Synchrotron)
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S30XL @ LCLS-Il @ SLAC

(Sector 30 Transfer Line)
Goal: Parasitically extract low-current, high-
rate electron beam from LCLS-II linac

Physics program spans dark matter physics
(LDMX), neutrino physics (electro-nuclear

https://confluence.slac.stanford.edu/display/MME/Publications+and+Presentations

energy: 4 (8) GeV
bunch frequency: 46 MHz (186 MHz)
4x1074 EoT year 1

. parasitic
scattering as reference), test beam program...
Soft X-ray Experimental
Beam
Switchyard Undutator Halls

LCLS-Il Layout

Cooling

New Superconducting
Accelerator

T —

e

um

Hard X-ray

Existing Copper 4y lator

Accelerator

Ruth Pottgen
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S30XL @ LCLS-Il @ SLAC

(Sector 30 Transfer Line)

https://confluence.slac.stanford.edu/display/MME/Publications+and+Presentations

laser system to fill unused buckets S30XL beamline
with electrons for S30XL

to Endstation A

/

Beam Kickers Endstation A

11110710 01w 47 o 141 A TAAATIA] BSY dump

LCLS-Il SCRF Linac

‘ ‘ Soft X-Ray FEL

Hard X-Ray FEL

S30XL kicker/septum system

downstream ot FEL kickers
(min. interference)
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S30XL @ LCLS-Il @ SLAC

(Sector 30 Transfer Line)

Staged approach:

» first: S30 Accelerator Improvement Project

(kicker & ~100m beamline — ending in beam switchyard) End Station A

S30XL
» Design underway following funding in FY19; release of | Beamiline

construction funding expected after successful review ——
xisting A-

(~early January)

» Installation timeframe: depends on LCLS-II downtime
schedule

S30XL Kicker

» Enable characterization ot dark current, long-pulse
<icker demonstration, single-electron QED tests, and

— existing LCLS
— existing ESA
— S30XL proposal

nigh-rate single electron test beam SLAC Linac

« second: additional ~100m beamline to connect to
existing End Station A line, potentially laser system
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eSPS at CERN . .
arxiv:1805.12379 arxiv:1905.0765/

Get e- back in CERN accelerators, next step for X-band linac developed for CLIC, accelerator R&D

|dea ~2 years ago, quickly picked up momentum

Expression of interest to SPSC in October 2018 https://cds.cern.ch/record/2640784  Input to Strategy Update (#36)

« 3.5 GeV Linac as injector to SPS

+ large number of electrons can be
filled within 2s

» slow extraction over 10s

» can run in parallel with other SPS
programme

Beam in the SPS
| [ —
< 1 > electrons protons protons

~15
| ] | |
Os 10s 20s 30s

W

3.5 GeV e linac

Potential for
beam dumps

flexible parameters:

» energy: 3.5 - 16 GeV L 35-1eceve beom

» electrons per bunch: 1 -40 "o 10s 20 00
» bunch spacing: multiples of 5 ns

- adjustable beam size optimal catering for LDMX-like experiment
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https://cds.cern.ch/record/2640784
https://indico.cern.ch/event/765096/contributions/3295600/
https://arxiv.org/abs/1805.12379
https://arxiv.org/abs/1905.07657

Flectron |: E137

new reanalysis of E137 data Phys. Rev. Lett. 121,041802 (2018)
» focus on secondary positrons
* new resonant production from e*e- annihilation

A/
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.121.041802

Various Future Projections
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