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Qutline

follow up of first presentation 26/10/15

e!revisit the WWYV threshold

*'myy, & [\, dependence and measure
/optimal data taking configurations

o/first look at effects of limiting syst and
correlated uncertainties



myw & [ 4 status

W-Boson Mass [GeV]

TEVATRON 80.387 £ 0.016
LEP2 80.376 + 0.033
Average 80.385+0.015
¥ /DoF: 0.1/ 1
NuTeV A 80.136 £ 0.084
LEP1/SLD = 80.362 + 0.032
LEP1/SLD/m, = 80.363 + 0.020
80 80.2 80.4 80.6

my, [GeV]

direct measurements from WV (transverse) mass distribution

PAzzurrit- mW & [ W @WW threshold

March 2012

W-Boson Width [GeV]

TEVATRON —e— 2.046 = 0.049

LEP2 = 2.195 + 0.083

Average 2.085 = 0.042
+2IDOF: 2.4 / 1

pp indirect A— 2.141 £ 0.057

LEP1/SLD 2.091 = 0.003

LEP1/SLD/m, 2.091 = 0.002
2 20 2.4

Iy [GeV] March 2012

FCCee "Physics behind precision" 3/2/16



Lep2 WW
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Lep2 WWV threshold

N=L(eo+0,) g=(%_03)1
£

N N,V
R TN TN N O

At LEP2 Vs=161 GeV 0 =4pb ;

minimum stat A 0 for max € p

with overall € =0.75, 0 ;=300 fb
p=0.9: € p=0.68 (@I61)

Amy, (stat) = (dci? ) \/\/g \/i—p

Al




WW threshold other A T\

O=(E_O'B)l AmW(Stat)=( d()') \/g !

I c dm,, | L \Jep
-1
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AGWW — % Amy, (B) = m ) -
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Ae AL -
Al WW:()(—@—) Amw(g)=o'(d_g) (A‘9+AL)
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EFFECTS OF THE W-BOSON WIDTH IN ete™ —» W* W~ REACTIONS*
e’ W~ et Wt
T. MUTA, R. NAJIMA and S. WAKAIZUMI
Department of Physics, Hiroshima University, Hiroshima 730, Japan c (S, S15S, ) =0,, + Oz + Gz + Oy + Oy + Oy g
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e'e =W'W~

s =512

o(s) = Bf,]'zBf,LJ ds1p(51)J ds;p(s3)a(s,sy,5,),
0
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with PDG values
m,,,=80.385 GeV
[ W= 2.085 GeV

160 180 200 220 240

e W~
A
v,
W~ e+ W+
1 JsT(s)
p(s) =— 212 212
T (s — Myg)* + My T*(s)

Coded in C++ , GLSIntegrator
(gauss method 10-5 tolerance)

Fast calculator of 0 (E ,my, [ )
with tree-level accuracy

Consistent with other MC
generator (MadGraph) values at %
level also for d 0'/dm,,
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Min at Vs~2m,/+0.3 GeV
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1
do _0365¢Y  atis~2my+1.1 Gev
dmy,, pb

min



my,, from O\

now with \ € p with fixed € =0.75 and 0 ;=0.3pb

2.5
2 N -
""""""""""""""""""""""""""" \/— GeV
N f 95 1/2

with L= 1 1/pb =& A mw=380MeV
with L= 15/ab = A mw=0.25 MeV

0.5

|

“Max stat sensitivity at Vs~2m,,+400MeV

958I | I1I5|8.I5I | I15|9I | I1I5|9.I5I | I1E|30I | I1I6(|).I5I | I1E|31I | I1I6|1.I5I | I‘I(|52I WOUId need
l A E(beam)<0.25 MeV (3x10-6)
Aele, AL/IL<10-4
2myy A 0 ,<0.5 fb (10-3)
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[ W from O

7 7 [ w2100 MeV
+ T £0.5GeV -
= 5.9; 5.572:/
- mW=80.385 Gev 5.ei ———— 5865?
- 162.4
- [ \w=2.085£1GeV o R TR
- |
— Measure O ww in two energy points E, E,
- with a fraction f of lumi in E,
" => determine both m, & [y
C Determine f, E, E, such to mimimise
= (AT, Am,,) with some target
et Evaluate loss of Am,, precisionin the

IIII|IIII|IIII|IIII|IIII|IIII|IIII . . .
050 155 160 165 170 175 180 1 single parameter (my) determination

wrt scenario of running only at an optimal
E,=161 point



’ ( do )_1 Jo GeV
~2GeV \ dr,, \/E_mm Db

at \/s~2mw-2.2 GeV
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mw & [\ from T

do, do,

Ao, =a,Am+bAT a, = am b = ar
Ao, =a,Am+b,AT’ do, ) do,
~ dm > dr
Ay — _b)Ao,-bAo, ! o #38! o,

a,b, —a,b, | a,b #ab,



myy &

take an example

[ w from 0w

scan luminosity fractions

L=12/ab @l61.2 + 3/ab @158.6 158.6 GeV

Only stat uncertainty
measure only mw

=>! Amw=0.26 MeV [0.25 @161.2 only]

measure mw & [ w

=>! Amw=0.46 MeV A [ w= |.8 MeV

>Aa=@m2)A /= 0005

15/ab

161.2 GeV

AT |y

0.8 0.9 1
luminosity fraction

lumi fraction at higher energy

Amy,, AT ,,: error on W mass and width from fitting both

Am,, : error on W mass from fitting only m,,,



my & [\ from 0w

161.2 GeV 15/ab 162.4 GeV

s =S 158.6 GeV 15/ 162.4 GeV
g AT

2.5;— w i 3; A rw

0s Am £
O'ZOEEArlnwllll\Tv|||q)'28 OSK Amw

0 01 02 03 04 05 06 07 08 009 1 0. 3Tn1w 0.28

Iuminosityfraction 07|||||||||||||||||||||||||||||||||||||||||||||||||

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
luminosity fraction

Am, =0.45 MeV, A [ ,,=1 MeV
Am,=0.35 MeV



mw & [\ from T

Scan of possible energy point pairs and luminosity fractions
| 50<E,<E,<165 (two energy points) [100MeV steps]
0<f<I| (luminosity fraction taken at higher energy point E,) [5% steps]

two parameter (my, , [ v ) fits of (0, T ,)
| 5/ab, only statistical uncertainties

A -minimum of A [,=0.91 MeV with Am,,=0.55 MeV
taking data at E,=156.6 GeV E,=162.4 GeV f=0.25

yields Am,,=0.47 MeV (as single par)

B- minimum of Am,,=0.28 MeV A [",,=3.3 MeV with
E,=155.5 GeV E,=162.4 GeV f=0.95

yields A m,,=0.28 MeV (as single par)

C- minimum of A [,=0.96 MeV + Am,,~0.41 MeV with
E,=157.5 GeV E,=162.4 GeV f=0.45

yields and A m,,=0.37 MeV (as single par)



Oy (PD)

mw & [\ from T

[ w=2.085£0.1GeV
m,,=80.385%0.1GeV

| - Am,=0.55 A [,=0.91

Am,,=0.47 (MeV)

4 . Am,,=0.28 A [ ,,=3.3

IIII|\\IIIIIII|IIII|IIII|IIII|IIII

t

Am,,=0.28 (MeV)

t | Am,,=0.41 AT ,,=0.96

1 1 1 1
D56 157 158 159

160 l 161

2m,,

162

160
Ecu (GeV)

Am,,=0.37 (MeV)



mw & [\ from T

limited by syst uncertainties ?

e.g. A e/e,AL/IL=10"3 E,-E, uncorrelated (unrealistic)

~2GeV  s<2m,, -5 GeV

min

~1.5GeV \/s~2mw -0.3 GeV (ddTG) o

minimum of Am,=1.84 MeV A [ ,=2.53 MeV with
E=152 GeV E,=161.2 GeV [get max O precision on both]
yields Am,,=1.53 MeV (as single par) {I.5 MeV@E,}

e.g. A 05;=5fb E,-E, uncorrelated (unrealistic)

GeV
pb

~1.25

do B
dm,

GeV do Y
~0.36 ~ +
b Vs~2my+1.1 GeV (drw)

Vs~2my,-1.4 GeV

minimum of Am,,=1.85 MeV A [",=I5 MeV with

E;=152 GeV E,=162.4 GeV [get max O precision on both]
yields Am,,=1.85 MeV (as single par) {I.8 MeV@E,}



mw & [\ from T

do, _do,
Ao, =a,Am+bAT aq, = am ~ar
Ao, =a,Am+b,Al _do, N do,
~ dm odr
Ay — _b)Ao,-bAo, = al o #al o,
a,b,—a,b, a,b, #ab,
Ao =ko(k=107) Ao =c(c=51b)

A g limit A o g limit



mw & [\ from T

correlated syst uncertainties
e.g. A ele,ALIL=10"3 E,-E, fully correlated

~2GeV  s<2m,, -5 GeV

min

~1.5GeV \/s~2mw -0.3 GeV (ddTG) o

minimum A m,, with A [,,=40 MeV E,=160 GeV E,=160.9 GeV
minimum A [, with Am,,= 1.6 MeV E,=162 GeV E,=163 GeV

e.g. A 0;=5fb E,-E, fully correlated

GeV
pb

~1.25

do B
dm,

GeV do Y
~0.36 ~ +
b Vs~2my+1.1 GeV (drw)

Vs~2my,-1.4 GeV

min min

minimum Am,, with A [',,=6 MeV E,=158.8 GeV  E,=159.9 GeV
minimum A ", with Am,,= 1.8 MeV E,=161.5 GeV  E,=162.3 GeV



mw & [\ from T

optimal E points with limiting correlated systs

x

_ o—9
L min Am(A €)
5__ ™, -1
B B Bl
Al ( do ) o| \drmy
L e . -1 e y
C ) ‘ ( dO ) drw
C T —| o
3— o, al’y several points
- R 159,160,161,162,163
. min A (A, ef
: © . . H 1
11— mitt-Am(A o) do
: P .
B 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
952 154 156 158 160 162 164

Ecm (GeV)



O~ (10 pb)

sin? 6 ,,, (&myy) from O\ at high Vs

[*]
i=1
250 8
T 1 ' ] ' 1 l T T l T -
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2.25 —— Mw-835C6ev | £
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. IS
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Fig. 3(b) The W-boson-mass dependence of the total cross section with finite W-boson width.

1% Lep2 precision Asin26,,=0.001 (= A mw=70MeV)

fixed sin2 8,,=0.23155 in all previous calculations



outlook

The eeWW threshold lineshape study is a great opportunity for
independent determinations of my, and [,

If limited by stat only : optimal points to take data could be Vs=2mw
+1.6 GeV (I -insensitive) and Vs=2mw-3-4 GeV (-1-2 I off shell).

°| taking limited data “off-shell” will not ruin A mw

Challenge for knowledge of energy (<I MeV), acceptance (104,

backgrounds (<Ifb). Measurement strategy can vary if syst
uncertainties are limiting.

Interest in 0\, /(E) lineshape could go beyond m,,, and [ ,.
Threshold raise 8 (V), 33 (TGCs)

Next
ol try to use higher precision O \y\y

ol look into 4f interference effects (negative with electrons, like in e ¥ qq)



Luminosity [10** cm2s1]

h==:—.=v_ )
“=B00 GeV 18 % 10™ ¢z

108 W-pairs @~160 GeV 4pb (L=4x600/fb)




FCCee

LEP1 LEP2 z w H tt
Circumference [km] 26.7 100
Bending radius [km] 3.1 11
Beam energy [GeV] 45.4 104 45.5 80 120 175
Beam current [mA] 2.6 3.04 1450 152 30 6.6
Bunches / beam 12 4 16700 4490 1360 98
Bunch population [10!] 1.8 4.2 1.8 0.7 0.46 1.4
Transverse emittance
- Horizontal [nm] 20 22 29.2 3.3 0.94 2
- Vertical [pm] 400 250 60 7 1.9 2
Momentum comp. [10-%] 18.6 14 18 2 0.5 0.5
Betatron function at IP g*
- Horizontal [m] 2 1.2 0.5 0.5 0.5 1
- Vertical [mm] 50 50 1 1 1 1
Beam size at IP o* [um]
- Horizontal 224 182 121 26 22 45
- Vertical 4.5 3.2 0.25 0.13 0.044 0.045
Energy spread [%]
- Synchrotron radiation 0.07 0.16 0.04 0.07 0.10 0.14
- Total (including BS) 0.07 0.16 0.06 0.09 0.14 0.19
Bunch length [mm]
- Synchrotron radiation 8.6 11.5 1.64 1.01 0.81 1.16
- Total 8.6 11.5 2.56 1.49 1.17 1.49
Energy loss / turn [GeV] 0.12M™ 3.34 0.03 0.33 1.67 7.55
SR power / beam [MW] 0.3M 11 50
Total RF voltage [GV] 0.24 3.5 2.5 4 5.5 11
RF frequency [MHz] 352 800
'T‘:'[‘fu'::gi"a' damping time 371 31 1320 243 72 23
Energy acceptance RF [%] 1.7 0.8 2.7 7.2 11.2 7.1
Synchrotron tune Qs 0.065 0.083 0.65 0.21 0.096 0.10
Polarization time 1, [min] 252 4 11200 672 89 13
Hourglass factor H 1 1 0.64 0.77 0.83 0.78
Luminosity/IP [1034 cm™s!] | 0.002 0.012 28.0 12.0 6.0 1.8
Beam-beam parameter
- Horizontal 0.044 0.040 0.031 0.060 0.093 0.092
- Vertical 0.044 0.060 0.030 0.059 0.093 0.092
Luminosity lifetime [min]® 1250 310 213 52 21 15
Beamstrahlung critical No No No Yes Yes

(1) Does not take into account the contribution of damping and emittance wigglers.

(2 The luminosity lifetime corresponds to 4 IPs.
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