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work in progress

* Di-boson physics
— Measurement of the W mass and width at the WW
threshold

— Measurement of W partial widths

A A
A A
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— Direct determination of the W mass and width 77"

— Cross section measurements > see poster by Marina Béguin

MA/

— Constraints on gauge self-couplings NEW
AN

— Performance requirements > see poster by Jiayin Gu
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the FCCee OkuW factory

Vs=160-162 GeV : 0y,=3-5pb
L~4 103>/cm?/s: collect 8/ab in 1 year
30-40 10 WW decays

Vs=240 GeV : o,,,,=16.7 pb
L~0.9 103>/cm?/s: collect 5/ab in 3 years
80 10° WW decays

Vs=350-365 GeV : 0,,,=12.0-11.5 pb
L~1.5 1034 /cm?/s : collect 1.7/ab in 4.5 years
20 10° WW decays
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10 1 ,;',',f"'l"‘ =

YFSWW/RacoonWW
...no ZWW vertex (Gentle) 5

\ only v, exchange (Gentle)
0 ﬁz:l T T T T
160 \"GQ 200
At LEP2 Vs=161 GeV o=4pb
€=0.75, 0,=300 fb
p=0.9 : ep=0.68 (@161)
= m,,=80.40£0.21 GeV
with 11/pb @E,,=161 GeV
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m,y, from o

m,=80.385 GeV
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sensitivity vs E.,,

Gy With YFSWW3 1.18

- 3
> b ————— [dm,, /dGi,) Gy ( GEV ) . . e _
E S i 1o orTep ( GoVipE"™?) Vep with fixed : €=0.75 and 0,=0.3pb
% 2‘5:_ [dmy,, /dG ] (Gum | GEV/pb'™?) o o
> b [dm,, /do,y] ( GeVipb) statistical precision
0} - o
g with L= 8/ab =» Am_=~0.35 MeV
§ 15— 1
S ¢ \_/
i T/ need syst control on :
0.5— o ]
- z;;‘\f e AE(beam)<0.35 MeV (4x10-5)
L w
1é61 - l1é7l - l1é8l - l1é9l - l1(150l - l16131l - l1(132l - l1ég l(;el{/(%
.  Ag/g, AL/L<210*
Max stat sensitivity at Vvs=2m,,+600 MeV
= 161.4 GeV * NA0g<0.7 fb (2 103)
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o(WW) (pb)
T

FCCee W-pair threshold
— m,,=80.385 GeV T',=2.085 GeV
(2221 m,,=79.385-81.835 GeV, I',,=2.085 GeV 7 x7000
(] m,,=80.385 GeV, TI',=1.085-3.085 GeV, .0/ 7,/
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doy,/dl, =0
at E,~162.3 GeV
~2m,, + 1.5 GeV

[w from o e

Measure oww in two energy points E;, E,
with a fraction f of lumiin E;
=» determine both m, & I,

Determine f, E,, E, such to mimimise (AT,
Am,,) with some target

Evaluate loss of Am,, precisionin the single
parameter (m,,) determination

wrt scenario of running only at an optimal
E,=161 point
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m,, &y, from o, s
m,,=80.385 GeV I,=2.085 GeV 1571 GeV 8/ab 162.3 GeV
= 7C ]
6: — [dTy /A0 ] Gy ( GEV) " g :
F [dlw /doyny)oulep ( GeV/pb'? ) Z°F scan of lumi fractions
- [dly /d6,] (G ( GEV/pb'2) & s -
- ———— [dI'y /doy,,] (GeV/pb) * ary, E
4 C
_ 3? ]
3l QK l -
N 1* ‘l’ -
2 - Amy,
- oF Amw ATy) co_r_rﬁlit-l?-rj _______________________________________________ - AmW
= ‘16"r---(;‘_1-- O R O RO A R T
- luminosity fraction
B 11 I 1 1 1 1 l 11 1 1 l 11 1 1 l 11 1 1 l 11 1 1 l 1 121 1 wl 11 1
o 155 156 157 158 159 160 161 162
fu@V) \ith E,=157.1 GeV E,=162.3 GeV f=0.4

Am,, : from fitting only m,,

with resonant
depolarization spin
tune constraints

with E;=157.33 GeV E,=162.62 GeV f=0.4
Am,,=0.65 Al,=1.6 Am=0.60 (MeV) =>Ao=(3 /2)Al/T= 0.003
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Winter 2005 - LEP Preliminary

W Leptonic Branching Ratios

23/02/2005

ALEPH e 10.78 = 0.29
DELPHI ] 10.55 = 0.34
L3 . 10.78 = 0.32
OPAL —x— 10.40 = 0.35
LEP W—ev ° 10.65 + 0.17
ALEPH e 10.87 = 0.26
DELPHI - 10.65 = 0.27
L3 —A— 10.03 = 0.31
OPAL . 10.61 = 0.35
LEP W—uv ® 10.59 + 0.15
ALEPH _eo— 11.25+ 0.38
DELPHI . 11.46 = 0.43
L3 A 11.89 = 0.45
OPAL . 11.18 + 0.48
LEP W—tv - 11.44 + 0.22
¥?Indf=6.3/9

LEP W—lv 10.84 + 0.09
x2Indf = 15.4 /11

10 17 12

Br(W—slv) [%]

Lept universality test at 2% level
tau BR ~2.7 o larger than e/mu

= FCCee @ 4 10 level

\‘T = ' t

W decay BR INFNZ

N ,m-‘m.;
LTI
rﬂmm‘iy
Winter 2005 - LEP Preliminary

W Hadronic Branching Ratio

23/02/2005

8/ab@160GeV + 5/ab@240GeV

DELPHI 67:45; 0:48 9 30M+ 80M W-pairs
o = ABR(qq) (stat) =[1] 10* (rel)
LEP 67.48 + 0.28

> Ao.~(9 /2)ABR= 2 10

¥2Indf = 15.4 / 11

e 7o =>» ABR(e/p/tv)(stat)=[4]104 (rel)
Br(W—hadrons) [%]

q/ | universality at 0.6%
=» FCCee @ 107 level

will need much better control of lepton id
i.e. cross contaminations in signal channels
(t=e,uin the e,u channels and v.v. )

Flavor tagging would also allow to measure coupling to ¢ & b-quarks (Vcs, Vcb,..)
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Direct m,, reconstruction

l 3 g
=>» see details on poster by Marina Béguin
Studies in the four-jet channel

< 120¢
8 - Entries 9371
PYTHIA + CLD simulation g 110 Ecn=162.6 GeV'  |yexs 725
. . . - StdDevx 7.173
Jet clustering with Durham algorithm 5 100k ' StdDevy 4214
events constrained to form four jets 5 ook ..
& o o
di-jet pairing : closest to the nominal m,, 5 Entries 8623
80R2" Meanx  74.58
£ Meany 81.89
- Std Dev x 6.255
70:_ StdDevy 3.25
Three W mass estimators sk v—
.o . L—___] 4C kinematic rescaling
¢ Raw dIJet mass 50:_ 4CKinematicFit
e 4C kinematic jets momenta Rescaling -
. . . . . . . . C1o11 1 I | I | | 1111 I | I | I | I | | 111 1 I | I | I | I |
e Kinematic Fit : minimising jets x2 “%0 50 80 70 80 80 _ 100 110 _ iz

Smaller dijet mass [GeV]

The expected statistical uncertainty on the W mass peak value (Am,,,stat) is estimated with
a binned max likelihood fit on the reconstructed m,, distributions, using templates with
different nominal W mass values. The final expected uncertainty is the result of the
combination of the measurements of the two reconstructed masses.
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Direct m,, reconstruction

at the W-pair threshold

0.06H —— Raw dijet mass Entries 9371
- 4C kinematic rescaling Mean 72.79
0.05: —— 4C Kinematic Fit Std Dev 7.173
T AMy ,/8ab" @162.6 GeV |
0.04— [
: h Entries 9623
0.03— f Mean 74.58
UL I
- AMy, = 1.589 MeV i ‘ Std Dev 6.255
C |
0.02_— j Silicon Based Detector
T AMy ga = 259 MeV 1 Preliminary results
0.01 :— Jl‘[
- ,r’[
- o 1rL
0: 1.24»1"T"‘f—’t’b'lj“1 | [ L1 ] L1 | 1 1 | (I | | | [ AR
40 50 110 120

SmaIIer dijet mass [GeV]

Smaller dijet mass tends to be off-shell
Larger dijet mass is on-shell

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

=» details on poster by Marina Béguin

Raw dijet mass Entries 9371
4C kinematic rescaling Mean 80.36
—— 4C Kinematic Fit [ Std Dev 4.332

AMy, o/ 8 ab" @162.6 GeV

AMy, s = 1.331 MeV

AMy, g0 = 1.929 MeV

IIII|I[lI|IIII|IIIIIIIII|||||||III|IIII|I

JUR IO R T P LJ-.L-L.":‘i‘"h'-i—"l’nrlllllll
50 60 70 80 90 100 110 120

Entries 9623
Mean 81.9
Std Dev 3.433

! Silicon Based Detector

L Preliminary results

R N A A S R

Larger dijet mass [GeV]

combined statistical uncertainties
M,y (4C fit) = 1.02 MeV

AM,, (4C rescaling) = 1.18 MeV

AM,, (raw mass) = 1.55 MeV
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Direct m,, reconstruction

_ . =» details on poster by Marina Béguin
AM,, (stat) summary with data at different E,,

< 2.5
é B ¥ Raw dijet mass
El ol 4C kinematic rescaling Optional possibility of using cone
= [ ¥ 4C kinematic Fit constraints on jets: the mass
- resolution is degraded ~20% because
v
1.5— v . . .
- of the particle information loss.
- y v
ki This loss is expected to be
- AMy, ., /83b" @162.6 GeV compensated by a decrease of the
0.5— AMy, .. /5ab" @ 240 GeV . .
B MMy o 1.7 ab @ 365 GV FSI systematic uncertainty.
OT | I Il 1 1 | I | Il | Il | 1 | Il | | | Il | 1 | Il | 1 |
150 200 250 300 350

ys [GeV]
Coming soon:

e 5C kinematic fit with equality of the two dijet masses
e Study of the semi-leptonic WW decay channel
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Direct m,,: systematics ?

l (& g

5/ab@240GeV By sin 0y + B2 sin by — By Fs| sin(6y + 65)|

M3 =
-> AmW (stat)= 0.5 MeV z 8,31 sin 67 + [Bo sin By + ,31,52| sin(91 -+ 92)|
Is AE,..,~1MeV at E.,,=240-365 GeV possible ? B, B: jet polar angles and velocities
With radiative Z-returns (Zy) events ? Maybe ! in the CM frame

Table 9: Summary of the systematic errors on mw and I'y in the standard analysis averaged ove
183-209 GeV for all semileptonic channels. The column labelled rqq lists the uncertainties in my use

in combining the semileptonic channels.
Amw (MeV/c?) ATw (MeV) ALEPH 683 /pb

Source evqq | prqq | Tvqq | lvqq | evqq | prqd | Tvqq | fvqq ~10k WW events
e+ momentum 3 8 - 4 ) 4 - 4 ALEPH
e+ momentum resoln 7 4 - 4 65 55 - 50 20000 |
Jet energy scale/linearity | 5 5 9 6 4 4 16 6 17500
Jet energy resoln 4 2 8 4 20 18 36 22 15000
Jet angle 5 5 4 | 5 | 2 2 3 | 2 =0 jet bgost
Jet angle resoln 3 2 3 3 6 7 8 7 10000
Jet boost 17 17 20 17 3 3 3 3 7500
Fragmentation 10 10 15 11 22 23 37 25 5000
Radiative corrections 3 2 3 3 3 2 2 2 2500
LEP energy 9 9 10 9 7 7 10 8 1 SO0 (USSR, S
Calibration (erqq only) 10 - - 4 20 - - 9 o) o
Ref MC Statistics 3 | 3| 5 | 2| 7| 7 | 10| 5 | leptonandjetuncertainties
Bkgnd contamination 3 1 6 2 5 4 19 7 from (Z) calibration data
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Triple gauge couplings = "=

SU(2)®U(1) Gauge Cancellations

=» see details on poster by Jiayin Gu

| PRELIMINARY

20 1 =
[) T e
A
1 O 7 ',','."'l .
/ YFSWW/RacoonWw
F; ....no ZWW vertex (Gentle)
ﬂ ....only v_ exchange (Gentle)

0 T v T ¥ T
160 180 200

anomalies affect:

the total rates o,
the production angles 6,
the decay angles 6* ¢*
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da/dcos® [pb]

do/d¢” [pb]

Triple gauge couplings "=

=>» see details on poster by Jiayin Gu

ete” > WW~, Vs =161 GeV e'e” > WW~, /s =240 GeV ete” > W*W~, /s =365 GeV

1.7 20 20
— SM A
1.6} Z
------- 5k, =05 = 150 = 15
1.5f —-— A;=05 =2 o
square terms kept o) [}
1.4 2 10} 2 10f
[&] (&)
Sy L
1.3¢ S S)
© 5t © 5+
1.2 :‘_'/
11 1 1 1 O 1 1 1 0 T 1 1
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
cosOy- cosByy- cosByy-
e'e” > W'W™, Vs =161 GeV e*e” » W*W™, Vs =240 GeV e'e” » W'W~, /s =365 GeV
10 T T T T T T T 5 T T T T T T T 35 T I T T T T
— SM — SM — SM
3.0t
0.8 ===~ 6k, =0.5 4| emenen 6k,=05 | T e 6k, =0.5
—-— Az=05 —-— Az=05 250 T Az=05
linear terms onl = linear terms only a 7 linear terms onl
0.6 /-,——-\.\\ «& ¥& 2.0¢ TN, LTINS
/ S S L.~ — ~.
r / o o 15/ N B ""\
0.4 / = 2 O N Lo Lo
S ptt [ .\ __________ /, ______
/ \ kel T 40t 3 .
0 2__/ \\ 1 . \\ //
0.5¢ -
0.0 | | | | | | 0.0 . | . | . | .
0 77/2 T 3r/2 275t 00 7712 T 371/2 25 0 7T/2 T 3r1/2 25
¢ ¢ ¢

A large benchmark value (0.5) is shown to make the effects of the aTGCs
visible. Since the precision reach of the aTGCs are at O(1073) or better, a
linear approximation works very well for this analysis.
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Triple gauge couplings

A binned chi-square fit is performed to estimate the =>» see details on poster by Jiayin Gu
precision reach of the three aTGCs at the FCCee.

Only the semileptonic channel, with one W decaying to e or p is used.

The chi-square is summed over all bins of the five angles, considering only statistical
uncertainties of signal events. The ambiguities in the reconstructions of the hadronic W
decay angles (which are “folded”) are taken into account.

precision reach of aTGCs at FCC-ee (68% CL) 95% CL reach on the new physics scale at FCC-ee
0.0015+ Il 240GeV 5/ab only E 5) Bl 240GeV 5/ab only
Il 365GeV 1.5/ab only b [ Il 365GeV 1.5/ab only

Il FCC Full program . I - Il FCC Full program

light shade: global fit _ 4r = sl shade: giobal it
dark shade: individual fit

0.0010

precision

Ay [ e | [Tev

0.0005

0.0000

691 z oKy Az Onw Ong Ozw

LEP2 precision : 2-4 1072 current LHC limits A/Vc<100-400 GeV
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Conclusions

FCC ee is a total game-changer for W physics measurements

No “a priori” walls on the road map to achieve the FCCee goals for W precision
measurements but a lot of work, also on the theoretical calculations side

The WW threshold lineshape is a great opportunity to measure both m,, and ',
— take data at Vs=2m+1.5 GeV (l-insensitive) and Vs=2mw-2-3 GeV (-loff shell)

Huge potential for other W physics measurements including higher energy data:

W decay couplings at 10 level (solve ep/t diff, measure CKM & a)

Direct m, measurements shown to be possible also at threshold (AE, ., ,<1 MeV)
and with better stats at higher energies (Am,,(stat)what systematic limitations ?)

Initial studies on gauge couplings indicate very vast ( x100) improvements of the
current sensitivities, specially using the higher energy W-pairs (@240-365 GeV)

Work from experimentalist needed to evaluate with care limiting systematics, study
ways to overcome them, and reflect on the detector design consequences:
opportunities to contribute

The potential of FCCee data for EW W measurements is still to be fully unraveled
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Backup
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acceptance NS

how do we control acceptance at the 10 level (0.01%) ?
=>» aim for the highest possible acceptance and efficiency WP

* |epton tracking reco efficiency (was controlled at the 103 level at LEP2)
* lepton identification performances
* @LEP2 103level: (T&P with Z): effects on total Ac mitigated down to
the 2-3 10 level thanks to T—=>e,u channel migrations recoveries
* would need lepton-id at 10 level for max BR precision
e jetreconstruction and energy calibration
* @LEP2 1-2% level =» 0.1% on As:
* FCCee would need calibration at 0.1% level (10x better) with control
data ; best possible jet energy resolution helps
* missing momentum scale/resolution : similar to jet energy for qqlv
* |epton isolation
* @LEP2 control at the Ae~2 103 level: need to do 10x better
* jet modeling (signal & bkg)
* was important syst on o,,,,@LEP2 (at the 2 103 level)

impact of theoretical uncertainties will hopefully not be limiting
but work is needed to reach the target 0.2 103 precision level
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background control /% "=

2-fermion : v, qqQ Iviv 70-80%  80-90%  50fb (tt,yy>tT,Zy" Swvll)
4-fermion : yy=2>tt,llvy, Zee, Wev ,
evqq 85% ~90% 30fb (qq, Zee, Zy') -10fb (Wev)

some 4f bkg is identical to the uvaq  90% ~95% 10fb (2y7,qq)
signal final state =» CC03-4f Tvqq  50% 80-85%  50fb (qq, Zy")
interferences qgaq  90% ~90%  ~200fb (qq (qq99,9088))

measure directly the backgrounds with very concern is mostly on the

different S/B levels at different E,, points four-jet background

limiting correlated systs

measure forward electrons (020.1 rad) for can cancel out taking data at more
Zee Wev : determine forward pole Ecy Points where
do/d@ and WW interference effects N . » o
do do do do
=) G @) ol
acceptance down to 6=0.1 [cosO= 0.995] W v v v

would also cover forward jets differential factors are equal
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