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o Muon based colliders

Which future for colliders Physics?
> Hadronic machines, like FCC-hh, to investigate up to 100 TeV.

> Lepton machines (linear like CLIC/ILC or circular), to precisely study the Higgs and
to investigate up to the highest possible energies.

If Physics beyond the Standard Model won’t be found in the next years, it will
be necessary to go up to 100 TeV.

A p*y collider offers an ideal technology to extend the lepton energy in
the multi-TeV regime:

> No synchrotron radiation. > But muon lifetime is 2.2 us at rest.
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- Low emittance muon source

Exploit e'e” —» 'y at Vs around the p*p threshold (0.212 GeV) in asymmetric
collisions to generate beams of p* and

> Low emittance, tunable with Vs.

> Small muon energy spread at threshold, it gets larger as Vs increases.

> Low background: muons can be produced with high boost in asymmetric collisions,
reducing losses from decays.

> But low rate: o(e'e” — u'u)~ 1ub at most, to be compared with o(p+h - p'pu)~mb
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LEMMA testbeam

« Goal: study the properties of muons production using a positron beam and a
Berillium target.

» First experimental verification of positron induced low emittance muon beam.

L+
B=1.26T
High intensity - <« 2m >
positron beam Be target
E=45 GeV lenght~6 cm

5 x 10° e+/spill

oluw) LU production cross section normalized

¥ o(ee) toBhabha cross section

« Measurements: <.

A& p+/p- emittance: area in the muon phase space

 The measurements can be used as inputs to the LEMMA source simulations. 4
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e C LEMMA testbeam operations

Test Beam Facilities at CERN

" North Area

« Location: CERN North Area, e imaaae

SPS beam line

e Period: 26 July 2017 — 2 August
2017, ~1 week
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L\LAC ————1

%}"11
— _-_ -l

« Calibration runs: positron beams at 18, 22 and 26 GeV, no target

« Data taking runs: high intensity positron beam at 45 GeV, with Be
target
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C Testbeam setup

units in cm %
S o
+—
5 E
H — (@©
Top view S <
[%2]
e =
230
2941 120.8 29
’T;‘
30
Siron left
C4y £ = n  X<0
=] + )
T1 T2 T3 C1 C2 = Q ECAL |
£ N b
? . P
¥ oo Be &% : Bend , S iron I a0
e+ beam target é = o[ calorimet 0
— 5 | LBt - ) S G G| ycalorimeter | 2
| B .
43-47 o
l 5 = ~ S
C3 = T
€5 3 right © a
516.8 61.0 574.3 411.0 213.0 995.0 x>0 ||| = ce’ce:lkm’
& o
v (]
| | | | | | | R E

1 115 Z(Cm)

@ > 7 = e+ beam




J

Testbeam setup
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c Testbeam setup
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- Testbeam setup
units in cm ] . g E
Tracking: Silicon Telescopes ZE
S 5
G =
2941 120.8 2
’T;‘
30
- Siron left
Cay £ = . Xx<0
T1 T2 T3 C1 c2 = Th ECAL |-
- oo Be & 4 Bend . < |jiten IPb ot
e+ beam target @ E - : @ ]
— <R . ----------- GRS S = | ¥ calorimeter .. Voo
: :: 29 ",' l 6 @43-47 g g
': : c3 £ '
: :' "l ’~~~ “‘ C5 ‘\‘-é u right “ &
15168 ¢ 610 4 574.3 a11d,213%, 995.0 x>0 |[|g|= ce’i:lkm’
| N N | e SRS ) ol —
I. A N | -t B - e
' ; ; . . . 17157 z(cm)
; "' V" \’A \A P
2 cm X 2 cm silicon 10 cm x 10 cm silicon
microstrip stations microstrip stations
Cc~5pm o ~ 30 ym

c ~ 15 pm C ~ 30 um :




XY,

=2 Testbeam setup
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C Testbeam setup
units in cm ] g E
Tracking: DT chamber ZE
S £
wn O
@ =
2941 120.8 2
’T;‘
30
. ﬁ’f left
C4 L‘o;,' /" = x<0
T1 T2 T3 C1 c2 = X i ECAL |-
40 ’_z‘ Be 80 2 Bend m"’ ',"' '2‘ iron IPb o o
e+ beam target P <, PR N @3
— || | . ----------- gt | Y calotieter |- .
29 "' "' Q/" 43-47 o
¢x' '3" ‘—"‘ 5 <ol'
C3 e b _;E “_—‘ -
e e LT right | | /[
516.8 61.0 574.3 4}}39;' . '¢213 0" ‘¢" 995.0 X>O %d_ég % Cer::lkov
| ] I st ARG >
| 1 | | r . g | ' |
'/"," Pt o 1715 7 z(cm)
,:':'2':::/ K"
N
Iron absorbers: placed in the CMS Drift Tubes chamber
p+ line to absorb e+ 8 x layers: ¢ ~ 150 pm
. X
<« It reduces noise in 4y layers: C ~ 200 pm =

the DT chamber




i I Testbeam setup
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Testbeam setup
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C Testbeam setup

units in cm . o
Trigger: Scintillators
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Signal event topology
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> Two tracks in with hits Silicon tracker and muon chamber
> MIP signal in the calorimeters
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e"e (Bhabha) event topology

units in cm 8
o o
= E
2w
o <
w (6]
G =
230
29
2941 120.8 2
’T’
30
Siror left
T1 T2 T3 C1 = —ecm.’n'
‘S
v oo Be &e d iron IPb Ly 0
e+ beam r target _ lorimet @a
—_— - - N A - < Y calorimeter |---- N
43-47
I = < 2
C3 o
=
g g Cerenkov
[1°]
516.8 61.0 574.3 411.0 213.0 19| w ecal
¢ Q|
| | | | | | | } N ,

> Two tracks with hits in Silicon tracker
> One track with hits in muon chamber
> Electron signal in the calorimeters
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Tracking algorithm
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Tracking algorithm
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Tracking algorithm
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Tracking algorithm
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S Particle identification
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C Simulation

> Performed with Geant4.

> Important to validate the
reconstruction and identification
techniques.

> Necessary to estimate the
muons/electrons acceptances and
selection efficiencies.

> Work is on-going to provide the
final simulation version with an
accurate geometry description.
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e First results

> We analyzed the runs with the final trigger configuration, ~2 days of data taking

> Among 620K collected events 56 p+u- candidates are selected

X-Z view
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“good” signal candidates: low probability for a e+ to
produce a track in the DT chamber after the iron absorber
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Analysis perspectives
Efficiencies have to be evaluated
Cross section with the final simulation version
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. (e+e_) N (e+e_) B (e+) 2 (e_) be _|mpr_oved with precise calorimeter
calibration
Expected statistical error below 13%
(6% precision needed to probe SSS
Coulomb corrections)
Emittance
= 3r
> We are working on a global p+p- kinematic fit to improve £ [ rogeee &
the resolution. T2 Widh:o3om 60
1= - —50
> With current tracking algorithm we expect an ; w "
uncertainty of 5 uym on the measurement of x(p-) at o g
target out (evaluated from calibration runs) F _ﬁ 0
i - =20
> With current tracking algorithm we expect an 2f I\Elln(;I::?l?I:: € 0
uncertainty of 1.2 x 10° on the measurement of o
dx/dz(p-) at target out (evaluated from calibration runs) % < s 2 0 Tz 5 4 e

26




s [NFN ,
Conclusions and 2018 plans

* Final results from 2017 testbeam are expected soon.

« With the current algorithms we identified of about 50 p+u- candidates:

> Measurements possible with limited accuracy.
> Work is on-going on reconstruction algorithms to improve the efficiency.

> But enough to probe the testbeam feasibility.

 The plan is to repeat the testbeam in 2018, the request to the SPS committee
has already been submitted.

« One more week of data taking is planned.

« We are going to run with an upgraded setup:

> Optimized testbeam layout.

> Two separated muon chambers for py+ and p- lines.

 In the next testbeams we want to test also the positron beam degradation
with thin targets and crystal channeling. 27




	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27

