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This talk

« Mostly a reprise and update of recent talk at LCWS2015 in
Whistler updating prospects for measurement of m,, using a
polarized threshold scan at ILC

— Polarized beams (e~ and e*)
« Can measure background in situ

— Beamstrahlung
 NOT a big issue

 Further work on studying a threshold scan with no polarization
— Background is a major issue
— Relevant to FCC-ee

— Also quantifies the utility of polarized beams for ILC
« How feasible with no polarization or with only e~ polarization?

 First attempt at nominally apples-to-apples comparisons —
polarized/unpolarized and beamstrahlung/no-beamstrahlung.
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Outline

Give overview of methodology of polarized
threshold scan including recent updates.

Address some of the issues related to the
machine.

(I will focus the talk on the above — and not motivation,
other m,,, measurements, auxiliary measurements)

See recent talks on \/sp method (Hamburg-2013),
momentum-scale calibration (Fermilab-2014) for absolute
Vs determination, and m,, generalities at ALCW2015 and
backup slides.



m,, from cross-section close
to threshold
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m,, shifted curves — essentially identical

)

Unpolarized No Beamstrahlung
— my, = 80.29 GeV

——— m,, = 80.39 GeV
m,, = 80.49 GeV

—_
o

Unpolarized No Beamstrahlung
— my, =80.29 GeV
— my, = 80.39 GeV

m,, = 80.49 GeV

B

0o

oo
T

o
T T

10))

WW cross-segtion (pb)

N
T T

w
[N}

N

o)
=
c
9
I
O
O
P
(7p)
7))
O
G
=
<

| | 1 1 | I 1 1 | 1 1 | 1 1 | I 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | |
10 -8 6 4 2 0 2. .4 6 _8
\'s - 2m,,, (GeV




Beamstrahlung Effects

ILC Beamstrahlung Effect

Used Guinea-Pig to simulate
beamstrahlung spectrum using
scaled ILC TDR parameters.

Energy-loss spectrum fitted
with CIRCEL parametrization.
— details of GP+Circe in backup o Vs (GeV)
WW cross-sections from
GENTLEZ2.0/4fan (Bardin,
Leike, Riemann) convolved
with beam-strahlung.

Red (NoBS). Blue (With BS)
Modest change to threshold shape. Up to 6% reduction, £2% in shape.
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Unpolarized
cross-section

WW Cross-Section (pb)

|
157.5 160 162.5 165 167.5 170

[y

(No BS)

3S) / XS

With BS

157.5 160 162.5 165 167.5 170
Vs (GeV)

(Mea culpa: my original TESLA study erroneously used cross-section with no BS (bug))



Sensitivity to m,,

W Mass Sensitivity

1 cross-sections

pb))

o

mW Analyzing Power (Ge\“’/.\““(
Y - 9
n n

—

No beamstrahlung(OO)
a5 |- With IL.C beam-strahlung- (0, 0) -

158 159 160 161 162 163 164
Vs (GeV)

K = Vo |do/dM[™

Fairly negligible effect of
beam-strahlung on
statistical sensitivity



Sensitivity to m,,

W Mass Sensitivity

[(pb))

- No beam-strahlung (00) | Polarization of electron
Wlth ILC beam strahlung (0 O) :

SRR I and positron beams at

S N ILC (necessarily with
beamstrahlung) offers
MUCH better
sensitivity per unit of
Integrated luminosity

| than the LEP-like

W'th BS ( 80% 0) unpolarized case.
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|LC Polarized Threshold Scan

GENTLE 2.0
Wlth ILC 161 |
beamstrahlunq ),g
= 1T% (+- )
Each setof curves  2.5%(--), /s
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Use (-+) helicity - —With ||:}} 90% for e- __________________ _________ _________________ ............... ]
combination of e- and e* " and |p| 60% for e+ a

to enhance WW. i
Need 10 ppm error
Use (+-) helicity to on Vs to target 2
suppress WW and " | MeV on mW
measure background. - |

Use (--) and (++) to

control polarization (also = e .
. : 52.5 - 157.5 160 162.5 165 167.5 170

use 150 pb Z-like events) Center-of-mass Energy (GeV)

Experimentally very robust. Measure pol., bkg. in situ



Fits — Scans - Machines

e |LC Polarized Scan

— 15 parameter fit.

 Wide energy range not strictly necessary as background
IS determined In situ

 Unpolarized Scan (New)

— Need good background control — so need several
scan points far from m,,, stat. sensitivity optimum

 Especially to constrain the background shape
— No polarization => 11 parameter fit

» |LC Polarized Scan (New)

— New 18 parameter fit including background shape
e Lots of room for improvement

11



ILC Polarized Scan Counting Experiment )

Example: 6 point scan (index i), (90% e-, 60% e+ polarization) with -+, +-, ++
and - - helicity combinations (index k)

Count events in 3 WW candidate categories (Ivlv, gglv, qqgq — index j) with
expectation p;;, and one Z-like category (radiative return and f fbar) with
expectation v;,. [ Wl N

96 event
counts

Data could also be taken
with other helicity
combinations (00, -
0,+0,0-,0+ ) if warranted.
(eg. further checks of
polarization model)

Table 7: Illustrative example of the numbers of events in each channel for the standard

100 fb™" G-point TLC rith 4 helici




Fit the Event Counts to Model Expectations

Event count expectations:

Hijk = (f“*(’ y, Arr' ) oi(mw, as) £;B; + gz, y, ALR) o ) fiLik

Signal, background, and Z-control sample spin factors:
fst@yA)=1+ay+ Az +y) [l 9820 0.4) =1+ay+A@

& (e,y. A) =1+ 2y — Az + y) g5 (v y. A) =1+ a2y — A(x
fg (x,y.4 _ | . B.Z

f:rJr (r,y,A) =1 —xy — A(x — y) ar B Z( .y, A)=1—ay — Az

fg (z,y,A)=1—xy+ A(x —y) 95 y(v.y, A)=1—ay+ A(x

Set A=0.99 for WW (estimate of 0.992 (Wopper), 0.988 (Racoon))



Polarized 15-parameter Fit

Fit Parameter Comment

my

s Fixed currently to 0.12

op (Ivlv)
op (qqlv) Background cross-section

op (qqqq)
fi 0.1% constrained

Signal efficiency

0 ¢ (qqqq) (constrained)

10| AP, (Ivlv) NEW

11 Af n (qqlv) Background asymmetry  (previously assumed
12 AE r (qqqq) (constrained) known perfectly)
13 IP(e™)] Assume same for each helicity

14 IP(e™)] Assume same for each helicity

15 __ Z-like 2-fermion ( ff (7))

16

—
[t
—
i
—
—
[t

(Note: within the SM current uncertainty
on o translates to 0.06 MeV on I'y,)




Fit Details and Experimental Assumptions

« Use Poisson likelihood (also y? as cross-check)

« Include y? penalty terms to constrain the systematic effects
assoclated with integrated luminosity, signal efficiencies and
background polarization asymmetries.

« MEASURE background cross-sections

Channel | Efficiency (%) | o Eff. syst. (%) | Bkegd syst.

0.025

0.012

0.005
Table 4: Experimental assumptions for the WW event selection near threshold using a
yolarized scan

« NB. Assumed inefficiency and background is halved with
respect to TESLA study — based on ILC style detector

15



4 egns, 4 unknowns

Using the large statistics of Z-like events (150 pb).

Can use the 4 measured Z-like event counts to determine
the 4 related parameters (o, X, y, A).
— Precise determination of the polarization values, x and y, is key to
the m,, measurement 955 (r.y. A) = 1+ 2y + Az +y)

g5 7(@,y, A) =1+ ay — Az +y)

‘(/;;.JFZ(.I'. y A)=1—ay — A(x — vy)

9 (v, y,A) =1—xy + A(x —y)
Suitable event selection for gg+uu+tt should be straight-
forward

— Include inclusively full energy events and radiative return

Can also use data with one or both beams depolarized to check
further/constrain beam polarization model.

16



Systematic on A, ;P

For current studies, | have assumed that this can be controlled
to 2.5% (lvlv), 1.2% (qqglv) and 0.5% (ggqq).

— Previously this systematic was neglected.

Numbers are based on the expected statistical uncertainty on
A, rP for a background side-band with the same statistics of
background events as expected for 100 fb-L.

This needs more study to establish that these errors can be
achieved. At this point, | am hesitant to assume that these
errors will improve with more integrated luminosity.

It is also not at all obvious that the background will only
couple to LR and RL chiralities (contributions from two-
photon, single-W ...)

17



Example Fit

MINUIT TASK: FIT W MASS TO NUMBER OF EVENTS in EACH CHANNEL

FCN=  380.8176 FROM MINOS

EDM= 0.44E-07

STATUS=SUCCESSFUL 2234 CALLS 2917 TOTAL
STRATEGY= 1 ERROR MATRIX ACCURATE
EXT PARAMETER

PARABOLIC MINOS ERRORS

=
o

1
2
3
4
5
6
7
8
9

el el e
VS I B -

NAME
WMASS
BKGLL
BKGLQ
BKGQQ
FLUMI
REFFLL
REFFLQ
REFFQQ
ALPHAS
ALRLL
ALRLQ
ALRQQ
ALRMZ
PELL

VALUE
80.388

0.10275E-01
0.40483E-01

0.19637
1.0002
1.0004

0.99980
1.0000
.12000
.15637
.29841
.48012
.190862
.89925

0
0
0
0
0
0
0
0

ERROR

.37711E-02
.91639E-03
.22579E-02
.36138E-02
.92454E-03
.96920E-03
.92946E-03
.94232E-03

constant

0.
0.
0.
0.
0.

24T715E-01
11868E-01
47202E-02
28885E-03
12702E-02

NEGATIVE

POSITIVE

.37702E-02
.90194E-03
. 22403E-02
.36053E-02
.92450E-03
.96922E-03
.92942E-03
.94230E-03

.24733E-01
.11871E-01
L4T7227TE-02
.28920E-03
.12845E-02

0.
0.93157E-03
0.22807E-02
0.36266E-02
0.
0
0
0

37767E-02

92460E-03

.96917E-03
.92949E-03
.94235E-03

.24697E-01
.11864E-01
LAT1TTE-02
.28924E-03
. 12824E-02

[
(¢

PELR
PELZ
PPOSL
PPOSR
PPOSZ
XSRR

.90000
0.0000
0.60077
0.60000
0.0000
149.93

constant
constant
0.94144E-03
constant
constant
0.51934E-01

o
=~

.94833E-03 .95086E-03

B
o W

.51984E-01 .52011E-01




Ensemble Tests

WW Threshold Scan
L N | L R T =

Entries 1000 3 1000
3.93 MeV ey Rt experiments

RMS 0.3929E—02€
UDFLW 0.000
OVFLW
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0
-0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05
M(fitted) - M(generator) (GeV)

T T

Entries

Use average

error from fit
3.86 MeV Mean 0.3860E-02 7 T f0||owing

RMS 0.1347E-04 -
UDFLW 0.000
OVFLW 0.000 -

| ] L 1 | 1 1 1 1 — 1 L 1 L 1 1 | 1 1 1 L | 1 1 1 1
0.38 0.385 0.39 0.395 0.4 0.405 0.41

Mass error from fit (GeM) 2




Results
6-point scan, (90%, 60%)

Fit type | Uncertainty source | AMy, [MeV] | AMyy (syst.) [MeV]
fixbkg | Background

fixpol Polarization
fixeff Efficiency
fixlum | Luminosity

fixALRB AEH
fixall Statistical
Systematic
standard | Total Error

Table 6: Mass errors for various fits for example 100 fb~! scan.

Vs . Independent of m,,
BS shape

Theory



Updated ILC Results

» Use re-optimized 2-point “scan”. Working on optimizing this
analytically. This is likely more model dependent than | would

advocate.

Vs (GeV) (th™) f = Ao )
86.957 | 0.7111 63443
0.2000 163
0.0444 219
& 3 0.0444 )
170.0 13.043 | 0.7111 20299 | 121140
170.0 13.043 | 0.2000 26 567
170.0 13.043 | 0.0444 454
170.0 13.043 | 0.0444 447 1905

100 fh—1
6.02

Errors on my, (MeV)



11 and 18 parameter fits

As we have seen the extraction of my from a threshold cross-section is sensitive to the
understanding of the background. It is expected that it needs to be determined from data in
a robust way. This is especially worrisome for data with no beam polarization. In order to

BaC kg rou nd start addressing this issue, the fits have been extended to include a 2-parameter background

term as follows for each decay channel:
oy B
r o 161
Fi+8) = op
Vs
Reasonable guesses for the shape parameter 4 are in the range [-2,2]. This is expected to
be a reasonable model for the qqqq channel where background issues are a major concern.

[t is unlikely to be most appropriate for the other channels. Input data-sets use 3 =10,

Fit Parameter Comment

W

g Fixed currently to 0.12

Fit Parameter Comment
LW og (Ivlv)
' . ag (qqlv) Background cross-section

g Fixed currently to 0.12 5| on (qqqq)
' fi 0.1% constrained

or (Ivlv)
or (gglv) Jackground cross-section = (Ivlv) —
- (qqaq T ; = (qqlv) Signal efficiency

Th 19999 j £ (qaaqq) (constrained)
i 0.1% constrained 3z (Ivlv)
11 Bg (gglv) Background shape

= (Ivlv) e I
- . Ve . - 2 g 1qqqq)
= (qgglv) Signal efficiency 3] APy, (Ivlv)
" il T o LY il
14| AP, (qglv) Background asymmetry
I (Ivlv) 15 | Apg (gqqq) (constrained)
il =] "l" . = T -
16 Ple—) Assume same for each helicity
Background shape 17 Ple®) Assume same for each helicity

£ qu-:.iqq] (constrained)

18 ; Z-like 2-fermion { ff(+) )

19

11 Ar (qqlv)
12 ip (ggqq)

M. -k _narameater A - . R o . o . ] .
lable 15: 11 parameter fit for I']'I]H:']'I'”""{-{:l HCAIS [able 16: 18-parameter fit for = 4 helicity combination scans |

Unpolarized Polarized
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Unpolarized Counting
Experiment

No beamstrahlung

2461 %-_l
916141
11\'}-1[!\

169.6 327.27. .000C 0C 33616 ].-.I:—.l:ll—lr

Table 10: Ilustrative example of the numbers of events in each channel for a 3.6 ab™
8-point scan with unpolarized beams with /s values suggested by RDP

Use wide Vs range to help measure the background level and shape

Not optimized — but hopefully illustrative. Likely need more scan points.



Unpolarized Counting
Experiment Typical Fit

3.6 abl

MINUIT TASK: FIT W MASS TO NUMBER OF EVENTS in EACH CHANNEL

STATUS=SUCCESSFUL 9730 CALLS 11319 TOTAL
STRATEGY= 1 ERROR MATRIX ACCURATE

FROM MINOS
EDM= 0.85E-08

FCN=

MINOS ERRORS
NEGATIVE POSITIVE

PARABOLIC
ERROR

EXT PARAMETER

NO. NAME VALUE

==

WMASS
BKGLL
BKGLQ
BKGQQ
FLUMI

80.387

}.15109E-01
).18199E-01
).18929
}.99914

.19726E-02
. T9714E-02
.66465E-02
.18364E-01
. T1053E-03

.19719E-02
.64692E-02
.5T7T129E-02
.16198E-01
.T1322E-03

0
0

0.
0.
0.

.19724E-02
.11860E-01
85797TE-02
17804E-01
71167E-03

2
3
4
5
6

. 90445E-03 0.9 ) 0.91655E-03
.81762E-03 0.82 ) 0.82126E-03
.84398E-03 0.8292! ) 0.82876E-03
0.83051 0.91299
0.58027 0.61375
0.15347 0.14231

}.99941
1.0002
0.99953
0.62812
-1.2567
-0.89445E-01

Note: background parameters highly correlated

REFFLL
REFFL(
REFFQQ

-0.14161



Comparable Counting
Experiment for ILC

s | 0amo it | o aiss | g Use extensive scan
o o and polarization to
determine background
and background
shape.

Use same L sharing
and same scan points.

500 fb-* with
beamstrahlung

N
1f
1!
1!
1!
1!
1f
1f
1!
1!
1!
1f
1!
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Not yet optimized.
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Typical Fit for ILC extensive scan

MINUIT TASK: FIT W MASS TO NUMBER OF EVENTS in EACH CHANNEL

500 fb'l FCN=  1570.697

EXT PARAMETER
NAME
WMASS
BEGLL
BKGLQ
BEGQQ
FLUMI
REFFLL
REFFLQ
REFFQQ
ALPHAS
ALRLL
ALRLQ
ALRQQ
ALRMZ
PELL
PELR
PELZ
PPOSL
PPOSR
PPOSZ
XSRR
ELL
BLQ
BQQ

=
o

W b =

4
5
6
7
2
9

Background shape determined with similar precision to 3.6 ab™! unpolarized scan

FROM MINOS

EDM= 0.12E-06

VALUE

80.387

). 53417TE-02
). bBETTE-01
), 21382

). 99896

). 99968

). 99916

1.0001

). 12000
).15214

). 30295

). 48485
).18991

). 90001

). 90000

Q.0000
0.60008
0.60000

0.0000

150.01
-0.82228
0.48684
0.90677E-01

STATUS=SUCCESSFUL 10615 CALLS 12445 TOTAL

PARAEOLIC

. 25548E-02

3E-03
.60184E-03
constant
constant
0.44049E-03
constant
COnstant
.23282E-01
. 88556
.50368
0.16456

STRATEGY= 1

MINOS ERRORS

NEGATIVE
0.25692E-02
0.25603E-02
0.16406E-01
0.22198E-01
0.79345E-03
0.90458E-03
0.81529E-03
0.85392E-03

o p T s R

0
0
0

ERROR MATRIX ACCURATE

POSITIVE

.25T06E-02
LA9T5TE-02
.23560E-01

). 24869E-01
). 7T9370E-03
). 90434E-03
).81536E-03
).85365E-03

). 21496E-01
).10273E-01
).36210E-02
). 12997E-03
).61196E-03

). 44692E-03




Synthesis

Npoints P(e™)| (%) | |[P(e™)| (%) | 100 fb 500 fh—!

Table 12:

ILC
None

Table 13: Total W mass uncertainty in MeV from multi-point scans near threshold including

background shape treatment

27
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Summary

Threshold scan can yield a precision measurement of m, at a linear
collider like ILC with polarized e AND e* beams

— Errors at the few MeV level can be envisaged.
— With 100fb2, estimate 2.4 (stat.) @ 3.1 (syst.) @ 0.8 (Vs) @ theory (MeV)
— With 500fb2, estimate 1.1 (stat.) @ 1.8 (syst.) @ 0.8 (Vs) @ theory (MeV)

ILC design can and should evolve to make this feasible (proof of
concept is in the TESLA TDR)

— High electron and positron polarization very helpful

— Best estimate: 2.1 MeV (stat+syst) uncertainty for 500 fb-!

First look at unpolarized scans — background uncertainties critical
— Estimate of 1.9 MeV error with 3.6ab™t — not yet optimized
— Even with 3.6 ab! looks hard for FCC-ee to do much better on m,,, than ILC

— An error of 0.3 MeV may be a target — but it also does not look like an
achievable target !



Never knowingly undersold

7 [ TLEP (Z pole)
== TLEP (Direct)

(GeV)
=]

ILC (Direct)
— LHC (Future)
---- Tevatron
= Standard Model

W mass

172 173 1735\ 174 1745 175
\  Top mass (GeV)

This plot Is unrepresentative of the situation. It not only
oversells the likely precision of FCC-ee.
It also misrepresents the potential at ILC by a factor of 5.

29



Take-Home Messages

ILC has very good prospects for measuring my,, with very high precision
— Can be done at standard ILC Vs values (Vs > 250 GeV).

— Measurement at threshold expected to be very robust with polarized electrons
and polarized positrons (experimentally and theoretically).

Precision my, needs precision s
— For ILC, Vs, method very promising (RDP not possible)
— Need precise muon momentum scale.
 J/psi method using Z’s needs 40M Z’s.....
— Error on my, from s knowledge of 0.8 MeV can be targeted (10 ppm).
ILC accelerator

— Need to preserve the option to run with high L and highly polarized electrons
AND POSITRONS at WW threshold. No experimental show-stoppers.

» This is a great advantage of ILC over other accelerator concepts.

FCC-ee

— Higher luminosities and precision beam energy calibration (beam spread ...)

— Unclear if the background can be controlled well enough to measure m,,
significantly better than ILC.

30



Advert

« The next European Linear Collider workshop
is in Santander, Spain May 30" — June 5%,
2016

31



Backup Slides
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Details on Guinea-Pig + Circe
Settings

FACCELERATOR: : TDR_Apr2013_161GeV
{trav_focus=0;espread.1=0.0020& ;espread.2=0.00190;

energy=80_5;particles=2;beta_x=16 beta_y=0.34;

emitt_x=10.0;emitt_y=0.035;

— - =i .
S1gma_z=3Uu;

offeet_y=0.0;ocffset_x=00.0 waist_x=0000;waist_y¥
which_ espread=3;
charge_sign=-1;8cale_step=1.0:angle_y=0.0000;angle_phi=—00. 00000}

Leading to Circel parameters of

0.70648, 0.25305, 50.507 and -0.7305

Guinea-Pig (D. Schulte)
Circe (T. Ohl)

See backup slides
25&26 for more
details

=2560;f_rep=1.0:n_b=1;

Note: A machine design
with higher luminosity
and worse beamstrahlung
Is likely to be preferred
for this physics
measurement



W Production In e*e-

\ -
LEP —
YFSWW and Racoon'WW smgle

W-pairs

0 190 195 200 205
| ' |

160 180 200 e
arXiv:1302.3415 Vs (GeV) Vs [GeV]

unpolarized cross-sections
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“New” Vs, In-Situ Beam Energy Method

s = 161 GeV, Luminosity = 8.2 fb' with J. Sekaric

mean = 0.999766 + 0.000013

preliminary

-+ KK MC, e’e* (LR)
— Binned LH fit functio B

ILC detector momentum resolution (0.15%),
Use muon momenta. gives beam energy to better than 5 ppm

Measure E; + E, + |py,| @S an  statistical for nominal luminosity.
estimator of \/s Momentum scale to 10 ppm => 0.8 MeV

(no assumption that m,, = m,) beam energy error projected on my, (J/psi)

Beam Energy Uncertainty should be controlled for Vs <= 500 GeV



m W P FOS p eC t S AMyy [MeV] LEP2

/s [GeV] 161
1. Polarized Threshold Scan (GWW) L [fh~!] 0.040
2. Kinematic Reconstruction P(e”) [%] 0
3. Hadronic Mass (GWW, BvD, KT) P(c) [%] 0

statistics
background
efficiency
luminosity
MethOd 2: W|th Up to 1000 the LEP ])(Jli'il‘iZth-iOﬂ
statistics and much better detectors. Can systematics
target factor of 10 reduction in experimental total

systematics. beam energy
theory

Method 1: Statistics limited.

Method 3: Depends on di-jet mass scale. total
Plenty Z’s for 3 MeV.

AMy [MeV|
AMy [MeV] 0| ILe V8 |GeV]
T -1 — * 1

/3 [GeV] I 350 | 250 | ol C [

i _:-|"| I_ S | B || Ple )
Ple ) %) i &0 i Piety [®
Ple™) %] { 30 | :

beam energy

jet energy scale

o hadronization
|||.:JI'|'||' q—'ll._'-.' Hpe CLIIm

— nleup
hadromzation ; I

radiative corrections total systematics

detector effects statistical

other systematics : ). : : total

total systematics 1 ; 5 !

statistical S Il e s See Snowmass document for more details

total : I il Bottom-line: 3 different methods with prospects to
measure m\W with error < 5 MeV
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|ILC Accelerator Features

L ~ (P/Ecy) V(8e / &) Hp
P~ 1:c N 8E ~ (N2 VZ)/( €x N Bx c52) Ul (LPav)
Machine design has focused on 500 GeV baseline

(dp/p)(+) (%] | (dp/p)(-) [%)]

dp/p same as
LEP2 at 200 GeV

0.190 0.206
0.190

0.100 0.158

4 0.070 ).12- dp/p typically
S A~  or better than an ete-
4.9 10.5 ).047
-- ring which worsens

linearly with Vs

Scope for improving luminosity performance.

abkwbh=

Increase number of bunches (f.)
Decrease vertical emittance (g,)
Increase bunch charge (N)
Decrease o,

Decrease 3,

3,45 => L, BS trade-off
Can trade more BS for more L
or lower L for lower BS.
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Beamstrahlung

Average energy loss of beams

IS not what matters for physics.

Average energy loss of
colliding beams is factor of 2
smaller.

Median energy loss per beam
from beamstrahlung typically
tiny compared to beam energy
Spread.

Parametrized with CIRCE
functions.

f 5(1-x) + (1-f) Beta(a,,as)

Define t = (1 — x)1®

In general beamstrahlung is a less

Scaled energy of colliding beams

GUINEA-PIG Beam-Strahlung 161 GeV, S00GeV
10° .

g 161 GeV

10°3

1
t

0.5 0.75 | 025 05 075 1
' t

important issue than ISR. Worse BS could t=0.25 =>x = 0.999
be tolerated in the WW threshold scan X >0.9999 in first bin
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m,,, Measurement Prospects Near Threshold

PRECISION MEASUREMENT OF THE W MASS WITH A
POLARISED THRESHOLD SCAN AT A LINEAR COLLIDER

Graham W. W
Department of sics, Sch

.-~780.47 GeV

v's (7) | Luminosity weight
160.4 2
161.0
161.2
161.4
1G2.0
] 170.0
Measure at 6 values of \/s, In 3 channels, and
with up to 9 different helicity combinations Use RR (100 pb)
cross-section to

Estimate error of 6 MeV (includes Eb error of 2.5 MeV from Z y) per

: " control
100 fb! polarized scan (assumed 60% e+ polarization)

polarization



Sep 21 2000 19:00 pvary.edit Page 1

MINUIT TASK: FIT W MASS TO NUMBER OF EVENTS in EACH CHANNEL

FCN= 211.4589 FROM MINOS

EDM= . 70E-06

STATUS=SUCCESSEUL
STRATEGY= 1

1984 CALLS 3004 TOTAL
ERROR MATRIX ACCURATE
EXT PARAMETER

PARABOLIC MINOS ERRORS

NO

»
N OV d W

i ek s

13
078 14
0-82 15
o.e\ 16
o-£217
oSt 18
=00119
20

NAME
WMASS
BKGLL
BKGLQ
BKGQQ
FLUMI
REFFLL
REFFLQ
REFFQQ
ALPHAS
ALRLL
ALRLQ
ALRQQ
ALRMZ
PELL
PELR
PELZ
PPOSL
PPOSR
PPOS2Z
XSRR

VALUE
80.383
.19168E-01
80181E-01
.39732
1.0000
1.0023
99853
99922
12000
.15000
.33000
.459000
15940
78225
82069
60436E-02
.61810
58001
11807E-01
99.948

ERROR

.52990E-02
.10968E-02
.30944E-02
.47314E-02
.23151E-02
.21894E-02
.19873E-02
.20900E-02

NEGATIVE

POSITIVE

constant
constant
constant
constant

.20791E-02
.50929E-02
.28556E-02
.33653E-02
.29707E-02
.37921E-02
.28543E-02
.85487E-01

.53041E-02
-.10973E-02
.30967E-02
.47324E-02
.23138E-02
-.21892E-02
.19867E-02
.20896E-02

.20803E-02
.S0870E-02
.28522E-02
.33673E-02
.296B5E-02
-.37892E-02
- . 28538BE-02
-.B85206E-01

.52938E-02
.10963E-02
.30919E-02
.47302E-02
.23161E-02
.21897E-02
.19878E-02
.20903E-02

.20776E-02
.50950E-02
.28577E-02
.33629E-02
.29717E-02
.37927E-02
.28547E-02
.85759E-01

S.3 M (4., ‘(LJI- e (90 (!."

M. = ‘jn(”\“’,\' >

:ﬁ) t)*ﬁhj =

o..sgw.;.-j

Systematics are treated as nuisance parameters that
can be fitted. Errors should scale statistically.




Polarized Threshold Scan Errors

 conservative — viewed from + 15 years ....

« Non-Ebeam experimental error (stat + syst)
= 5.2 MeV

L (fb1)
Pol. (e/e*)

Inefficiency

Background

Effy/L syst
Am,(MeV)

100
80/60
LEP2
LEP2
0.25%
5.2

160*3
90/60
0.5*LEP2
0.5*LEP2
0.25%

2.0

100

90/60
0.5*LEP2
0.5*LEP2
0.25%
4.3

100

90/60
0.5*LEP2
0.5*LEP2
0.1%

3.9
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In-situ Physics Based Beam Energy
Measurements

 Potential Mass-Scale References for Energy
Calibration

J/psi - Conventional wisdom has
Upsilon been to use Z’s, but with
ILC detector designs J/psi’s
look attractive.

Prefer not to use something that one plans to measure
better or something that will limit the precision.

Use J/psi from Z for momentum scale.
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Momentum Scale with J/psi

With 10° Z’s expect statistical
error on mass scale of 1.7 ppm
given ILD momentum resolution

and vertexing based on fast 2 HILD fast
simulation. simulation (no vertex

fit)

J/psi from Z decay

.5 107 Z’s
Most of the J/psi’s are from B
decays. J/psi mass Is known to Vs=m,
3.6 ppm. < p > =20 GeV.

Can envisage also improving on

the measurement of the Z mass § % y2ldof=90/93
(23 ppm error) 2 % <pii>=(015,02) Gev’ ’ 3-?5 31 3125 3.15 3.175 |

Measured Di-muon Mass (GeV)

Double-Gaussian + Linear Fit
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Full Simulation + Kalman Filter

10k “single particle events™

Work In progress —
likely need to pay
attention to issues
like energy loss
model and FSR.

ILD_o1_v5

N
(]
o

Di-Muons per 0.5 MeV

Myen = 3.09688 GeV

No vertex fit

Pre”minary nor constraint

statistical precision
similar.

More realistic
material, energy loss
and multiple
scattering.

3.09

Vs=m,

ILD Full Simulation (20 GeV prompt J/y)

RMS ='0.004701+ 0.000034
Mean = 3.096637 + 0.000049
Entries = 9327

['= 0.00289 = 0.00013
u= 3.096737 + 0.00004

Y| o= 0.002506 + 0.000077

v dof = 85/77

-46+13 ppm

et ol e

3.105 3.1 3.115
Di-Muon Mass (GeV)

Empirical Voigtian fit

Need consistent material model in simulation AND reconstruction



“Calibration” Run at Vs=m,, for
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detector p-scale calibration

If detector iIs stable
and not pushed,
pulled and shaken,
one could hope that
such a calibration
could be maintained
long term at high

energy.

Momentum Scale Error from J/psi

Assume 2.0 ppm._...
statlstlcal for 109 Z’

(ppm)

>
)
=1
- p—
[~
S
1
<9}
£
=
)
W
2
]
&
75

10 11 12 13
log10(NZ) (Z-HADRONS)

Plot
assumes
negligible
systematics
from
tracking
modeling ...

— Need at least 40 M hadronic Z’s for 10 ppm

— Corresponds to > 1.3 fb1 (L > 1.3 x 1033 for 10°s)
assuming unpolarized beams




Positron Source

A. Ushakpov, arXiv: 1301.1222
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Yield [e/e]
Polarization [%]

|

|
L
e

|
—1

|

100 150 200 250 300 350 400 450 500
e Energy [GeV]

For Vs < 250 GeV, still need a high energy e- beam for
adeguate e* production.
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