OUTLINE of TALK

» Status of Discussion
* Magnetic-field issue

-The systematic uncertainty
-The B-field Map for the LC TPC

* The Aleph B-Map
+ Recommendations and Ideas
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Goal: to revisit the Higgs...

(GeVIc?) In(1+s/b)
115 GeV/c?

114.3 1.73
112.9 121
110.0 0.64
115.0 0.53
110.7 0.53
114.3 0.49
118.1 0.47
1154 041
1145 0.40
112.6 0.40

f the
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STATUS OF DISCUSSION

* Dan Peterson and I presented two different viewpoints at an
LDC meeting at Snowmass0b.
* Both of these viewpoints are based on simplified arguments to

help understand the effects.

* Here are mine: "back-of-the envelope” must be done carefully.
» Christian Grefe is analyzing the field map for the LP which will
be testing some of these ideas.

- Simuation work can help understand more details of the issue.
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Prepared LC Note at Snowmass05 time...

LC-DET-2008-XXX

On the Magnetic-field Requirements for a
TPC at the Linear Collider

R. Settles'
Max-Planck-Institut fir Physik, Fo ing 6, D-80805 Munich, Germany

W.
¢/o Physics Departiment, University sin at Madison, CERN EP Divison,
CH-1211 Geneva, Switzerland

DRAFT 2008-03-07

Is being updated now

Abstract

..based on experience with Aleph TPC
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momentum: d(1/p)
(TPC only)

Number of Events / 1.5 GeV

e*e>ZH-Il X goal: oM~20MeV
tracking efficiency: 98% (overall)

excellent and robust tracking efficiency by
combining vertex detector and TPC, each wit
excellenf tracking efficiency
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Momentum precision needed for overall tracking?
Momentum precision needed for the TPC?
Arguments for dE/dx, V° detection

Requirements for
2-track resolution (in re and z)?
track-gamma separation (in r¢ and z)?

Tolerance on the maximum endplate thickness?

Tracking configuration

Calorimeter diameter
TPC

Other tracking detectors
TPC outer diameter
TPC inner diameter

TPC |
equired B-mapping accuracy in case of non-uniform B>
J . Ron Settles MPI-Munich
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Table 1: Performance goals and design parameters for a TPC with standard electronics at

the ILC detector.

Size (LDC—-GLD average)
Momentum resolution (B=4T)
Momentum resolution (B=4T)
Solid angle coverage

TPC material budget

Mumber of pads

Pad size/no.padrows
IJ-'I-:-|II.|,:|- Pl i“‘ -I'||I!|

Ii-'I-:-.Il.l,:|l PrHmL i“' rI

2-hit resolution in rg
2-hit resolution in rz2
dE/dx resolution
Performance robustness
[for comparison)

Backeround robustness
i{m )

Background safety factor

g = A, L = 4.39m outside dimensions

§(1 ) ~ 10 = 10" /GeV fe TPC only: = 0.4 incl. IP
§1 ) ~ 3 = 107 % GeV /e (TPCHIT+VTX+IP).

Up to at least cos @~ (0,94

<= (3 Xa to outer fieldeage in

< L30Xg for readout endeaps in z

= 1= 10" per endcap

~ 1mm x 4=6mm ~H (standard readout)

~ 1l (for radial tracks, averaged over driftlenpide——
~ (LD

< 2 mim

< 0 101

< 5%

= 05% tracking efficiency for all tracks—TPC only)

(= 95% tracking efficiency for all tracks=V'TX only)

= 09% all tracking|13]

Full precision /efficiency in backerounds of 1% ocoupancy

(simulations estimate < (L5% for nominal backsronnds )
Chamber will be prepared for 100 = worse backgrounds
at the ILC start-up.

- w/
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The systematic uncertainty

Row Sebtles /MP1-Huws,
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The systematic uncertainty

*So, I started writing this note aggressively
assuming the linear model and dx, = 80, = 10um.

- When I showed an early draft to Dean, he
said, “you should add them quadratically”

- This is correct as you see nexft...
>>5
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Tne sysiematic uncertainty

L = 1
= -

.
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. (d] Contribation from “Type IV™ terms.
azimuthal angle in this paper)

Figure E: Resulte for H; expansions. Each figure depicts By on the r = r,,, radial surface &8 a
function of = and &,

Aleph Note by Steve Thorn: ALEPH 94-162, PHYSIC 94-138
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The B-field

Distortion Corrections for the
ALEPH TPC

Werner Wiedenmann

Werner. Wiadenmann@cern.ch

http://wisconsin.cern.ch/~wiedenma/TPC/Distortions/CERN_LC.pdf
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The B-field

Momentum Resolution

| Canstant =m EXTS [ | Ganstant T 2280
Maan DASE 0 0.7I60E-04 Maan DIETTE-D LHTTE04
Sigma 0.45530F 0.3703E-04 : Sigma 0.0551E-0F 03533604
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Resolution from data
with detector problems
(= pessimistic case)
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Resolutions for

d iffﬂ]'ﬂl]t bEﬂlT] Monte Carlo for perfect detector
. i= best possible case)

energles

(high energy data)

Werrper Wiedermam

http://wisconsin.cern.ch/~wiedenma/TPC/Distortions/CERN_LC.pdf
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The systematic uncertainty

From the Aleph experience, systematic eflects for the TPC were corrected to the
35—T0pm level, as can be seen on p. 38 of [14]. Aleph was well understood in 1999,
and the best possible tracking precision (caleulated using the Aleph Monte Carlo)
WS ﬂ[JlJ] = 4.5 - 1071 GeV/e)~!, and values of 4.6 — 4.9 - 10~ GeV /c)~! were the
vear-to-year resolution achievements. The difference in quadrature between best-
possible and achieved numbers translate to a 35-10-70 pm effect[15] which increased
the TPC point resolution and can be considered as a measure of the understanding
of corrections [or systematic effects.

Using this as a guide and the [act that the LOC TPC will he
and more measured points than Aleph and allowing at most a

< O noind
n the

il the systematic error on the point T 1 should
or the LOC TPC. The symbol o will be used for this

momentium error
be below about
tolerance,

Note that the final systematic ervor will inelude all corrections (detector align-
ment, distorbions related to background, B-map aceuracy, ete.). In the ollowing we
shall use 30 pm as an upper lhmit for estimating accuracy needed [or the B-lield
1A,
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The B-field
http://wisconsin.cern.ch/~wiedenma/TPC/Distortions/CERN_LC.pdf

Compute distortions from Langevin equation

. ExB ., BlEB
=_L_? E+f_wTﬁE§H (0T l‘_'? )
l+{wT) |5 B

— 1 | i i f 'EF
Arg = jJ- Z _fwrlsign(B |)— |dz ;
I+{wT)* s | E, i

[wT) u (@
]+[w1-j;
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The B-field

The 'standard’ TPC requirement for
the B-field homogeneity has been
(from the LC Note):

In the past the “standard” TPC requirement for B-field uniformity has been the
integral over the drift lensth

[-Illllr %“I? = I|I| = 2mim [lj

where fis the “homogeneity” tolerance. Note that it is stralght-forward to design the
main LOC-detector solenoid which satisfies this ‘2 mm condition’, see e.g. |8, 13, 3.
The ILC machine design is presently being finalized|17] and is considering several
options for magnetic elements in the inner region where the beams pass through the
detector, which doe to their stray B-fields in the TPC drift volume might canse Eq.1
to e vielated. In particnlar, the LC Machine-Detector-Interface (MDI) panel[18]
is asking in preparation for the Snowmass 2005 Workshop[19, 20|, the following

guestions {among many others):

o The 2bmrad crossing angle geometry requires beam trajectory correction with
a Detector Integrated Dipole (DID) as described in LOC-143[21]. Is this ac-

ceptable?

e Overlap of the solenoid field with the final focus quads requires an optics cor-
rection with an antisolenoid as described in LOC-142(22]. Is this acceptable?
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From the LC Note...

The drifting electrons are poverned by the Langevin equation
T . ExB .‘__._EI-I‘ (E - B )
1 + {wr)? : 2

'I!.;:” — {E::I
where @ (= e7/m) is the electron mobility. w (= eB/m) is the cyclotron frequency
and 7 18 the mean drilt time between two collisions with gas molecules. In prnciple if
the B-field map is known fo mfinide precision, ils effect can be correcled eractly using
Fg. 2. To what accuracy, then, must the B-field be mapped so that the corrections

can allow the momentum resolution to be maimtained?
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From the LC Note...

The relevant equations [or the movement of drilting electrons due to the
can be derived from Eq.2 (see p.16 of [14]).

Ar (wr) 2 f ([w}.ﬂ‘: — ﬂ"ﬁ) dz. (3)

~ 1 + (wT b B.
and (w7) i B .
I.-LIIJ_ =Ird4dl -
Aryp = T (o) /; ([.;...".r]nﬂ2 - Bi) iz (4)

We shall now give some back-ol-the-envelope rellections to estimate the B-mapping
accuracy needed. Also it will be important for the LO TPC groups to choose a gas

with large wr so that the drilting electrons follow the magnetic lield lines, which can
be measured well, and minimize the effects of the space charge, which is not easy to

measure, on the TPC performance. We assume wr =~ 20 in the following.
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From the LC Note...

Starting with the first term of Eq. 3. assuming w7 to be large, approximating the

integral by Ar =~ jr;r"’-r’m i With £y 0 = 2,00 — 2 and approximating -j'-jb o ?“+ ( from

Eq. 1) then Ar = ]r'“"" E"-rfx - h"—}: Differentiating both sides to calculate the

;I |$,r',| i |':| -l.l]

error in the usual way, then ﬂ[ﬁ-— r ,or d[Ar) = oh l'm' the maximmum

— Eppe
drift. The same exercise [or the second I.Erun ul E:q.d yields —[ H 7 Laripe) = 0(4r)

e By SLAT)
or o o~ wT—
B. Tirife

factor wr for the Ar movernent and can be neglected since wr will be large. This
is confirmed in practice [3], where the influence of B, has been measured to be an
order of magnitude smaller than that of 5.

Thus the requirement on this component is mitigated by a

For the case of the ry coordinate, comparison of Egs. 3 and 4 shows that

07/03/2008

ﬂ "
Arp = —. (5)

Wl T

The measurement vy 18 critical for the stiff tracks so that the main requiremesnt is

dArp) = ag. (6)

Slunation for the accuracy needed for the B, component is, sincry, == O,

a0 iy
~ WT =~ WT . ) |
Pl ft Erper
the Trseg Jor £ = F”:f [t 1= important to 1111111-111h['1 that the yadf® 35 is
the residual uncoT T : itive an oatiag serrertions of the B alter
integrating over the drift path of the electron cloud for each point and over the

points along a track.
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From the LC Note...

For example, the tolerance for the Ary correction is wrem— = 3 x 107 for
oy = e, wr = 2 and fppe =2000 mm . IF B. = 400000 G, then the integral
of the r and ¢ components over the drift paths of the electrons for each point and
over the points along a track should lead to a residual uncertainty of ~ 10 G, If
the most stringent tolerance 18 used [or the Ar movement -I;—”— ~ 1.5 % 107" for
oy = dlpm and fppe =2000 oun o IF B = 400000 G, then Llw wtegral of the r
and ¢ components over the driflt paths of the electrons for each point and over the
points along a track should lead to a residual uncertainty of ~ 1 (.

Thus the Held must be known to a residual uncertainty of between 1 G and
10 G from these examples. This accuracy was achieved in Aleph [25]. Realistic
simulations must be performed to determine more accurate values than these back-

ol-the-envelope estimates,
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____The Aleph B-map..

Alain Bonissent:

“The magnefic field measurements were made in a very short period dunng the first mounting
of Aleph, and the experimental conditions were not ideal. After the complete assembly, such
measurements could never be repeated, so that this will remain forever as an uncertainty ™
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Hall probe measuring devices being set up in the coil
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From the LC Note...
4.1 The Aleph B-field Map

The goal of Aleph B-field map was to be internally self-consistent to an accuracy of
% ~ 1% 107, aceording to [3], for the magnet configuration (i.e., main-coil current
++ correction-coil eurrents) whick was set during mapping. This map verified[3] that
the “Zmm conditicn” of Eq.l was satished for all components of the Aleph B-held.

However 1x 10~7 was pot_guite achieved. The standard deviation, Trnap, Detween

measurements and the hi ol a model derived Irom Maxwell's equations, lor the Aleph
B-map alter corrections (see below) was 0.3 G for B. and ~ 6 G [or the B and
B,[25], which corsesponds to 5 107 The residual uncertainty after integrating

r:rll'J 11 1

over the drift distances of the points for a track was where J"l-'_”my was the

W1l
.H.Il =TT
number of luctuations between measurements and map for the B-held. Typically

Ninap was about 60 for Aleph (Fig.8 in [25]) =0 that the residual error was < 1 G.
One problem with the Aleph B-lield map was that the conlipuration used for

Problems: - Different coil configuration between mapping and running
- Hall plate drifts

- Temperature drifts
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B-field Map for the ILD

Aleph map-accuracy good enough for the LC TPC, be we can profit from
experience and do better:

- Lay out map to achieve better than 0.2%. as was originally planned in
Aleph.

* Construct main detector coil to adhere to ‘2mm condition’.

» Establish tolerances with careful simulation:

— The Hall plate ealibration.
The number of Hall plates and NMR probes.
The position accuracy of the probes and mapping gear.
The mumber of positions per map.

The stability of power supplies, monitoring devices, ete.
* Do same for stray fields of MDI magnets.
* Mount matrix of Hall plates on LCTPC to monitor/check while running.

* Devise model including all material to compare with Hall-plate matrix.
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