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e From Europe to Chicago and back

e Francesco meet OPAL

¢ |/ mass: the works (2000-2004)

® Memories and lessons: images of the mind
e Coming back to where we began
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/—/igh energy Physics

From November 1999... ,,',L

e My first trip to Chicago and UofC
* Meet Jim Plicher, Mel Shochet..

e ten Ph y

e Aprl‘ 2000 Teaching Center

¢ Join OPAL/ATLAS with Jim Pilcher as
aavisor.

¢ ..moving to Hyde Park, start courses,
setting down..

Internation! House
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You should go to y ........

~/_~"

e End of Spring quarter 2000: Jim suggests to go to CERN to make a
decision on thesis project.

¢ Francesco, meet

e Attend OPAL week, talk to phys coordinator, talk to Chicago people resident
at CERN

* Mature experiment with large available data set, still more to come (maybe
even some more data taking at WW production threshold..)

One outsanding topic: W mass and width measurement

® Impressive and fascinating task: perform measurement using full data
set collected by OPAL extending it from data collected @ /s=189 GeV

e Chicago has leading role and one Ph.D. candidate is completing her thesis
on that topic (...who might that be:-) )
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Why W Boson(s)?

W*and W~ : SM mediators of weak interactions

Existence confirms (with Z°% Standard Model SU(2)xU(1) gauge symmetry

Are massive: related fo SM EWK symmetry breaking — Higgs

M, and T, are key parameters of SM

Stringent test of SM

Precise and unbiased ‘
constraints on SM Higgs

measurement by
direct production

Boson mass and on physics
beyond SM
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@ W mass in SM: the
da/a~0.014% at Qe~M?,

M2 /M2
56+/Gy ~0. 0009% -Mw/ M7
ﬂ OM,/M,~0.0047%
- X2 test of SM — M, does not dominate Need My~ 15
uncertainty on a) test of rad. correc‘rlons b) Higgs MeV if 5M;y, ~ 2

mass estimate IF dM, ~7-10° M,
Indirect determination (LEP1/SLD) : M, ~32 MeV

11

Precise and unbiased measurement by direct production

LEP2 (e"e"collider ): ideal clean, Hadron colliders (pp and ppbar) : large

controlled environment for W . . oabl o e
precision studies. statistics, sizeable (a-prlorl) uncertainties

GeV
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The Omni Purpose Apparatus at LEP l

Onlon-llke de.rec-ror‘ Coverlng Hadron calorimeters Elecctg:;??"?;‘g:z I z:;g;ors
99% of solid angle with B rompyoka y
- Em. Res = 5/6%/VE+0.2% T \\ o BRS
. Had. Res: ~100-120%/vE Ne= '
+ o(p)/p?=1.25-10-3 GeV-! l=—2
(for' 45 Gev mUOHS) “in chamber
LEP | I : ::/s::\)l()er
o ete collider at E,,~ 160-209 GeV “ .
e Peak lumi: ~0.5-1 -10%2 cm2 s™! e
* Bunch crossing frequency~45 KHz ~_
:AAA: Z chambe
7 y Solenoid and

pressure vessel
Presampler

WW rate ~08-16 10'3 Hz zz::c"’;r; Time of flight

i detector
Silicon tungsten
luminometer
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W physics @ LEP?2

@ LEP2 : ete— W'W — 4fermions

At tree level NOT GAUGE
e woe w INVARIANT
\Y \ ______________ Y /Z ) e'e” — 4f a
: " e _ has
€ e W other
(€C03 diagrams) infermediate
| . states
3 final state topologies
~ 44% ~46% ~10% Add O(a) EWK corr..required
\/ for precision measurement
IVIV ’ o, I
g” ‘u Chan Main Bkg
Y, /L, Zee, vy
qqlv Wev, Z /y =qq(y)
o[efele Zy — qq(y)

fracesco.spano@cern.ch W mass and width @ OPAL.: the journey PilcherFest, 22nd Sept, The University of Chicago 7



mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

Sullding the group for W analysis

l.€. your group makes your SUccess...-)

Ambreesh
Gupta @
Research

Associate, then
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Res Scientist FS o
@ Chicago Ph.D. Candidate ‘
Chicago, CERN,
Chicago

e Jim’s insight (my view..)

e connect the relevant people to work on the analysis and
arrange for smooth continuation of previous work

Alain Bellerive

® agree with Ambreesh to make W analysis a priority R Research
ichard T .

e arrange for Eric to help FS and AG to start on W analysis chard Teuscher Associate

e send FS to CERN in 2001 to connect with OPAL & Eric Research Associate,
then Res Scientist
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16354 -2004

o6

~11K WW

Event selection

—)

~10K 4f bkg

~63K Z/y — qq(y)

. . Widest det acceptance
Complex multi-steps event selection (cut based pre-

selections, likelihood discriminants) for efficient

and clean identification Performance
Chan —fficiency Purity Expected Selected
qqlv 81% 86% 4836 4822
J9qq 86% 79% 5831 5893

Ivlv: two neutrinos — little mass information— separate analysis

fracesco.spano@cern.ch

W mass and width @ OPAL.: the journey

PilcherFest, 22nd Sept, The University of Chicago
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d ﬂl' The strategy @ OPAL

* Three main steps
- Reconstruction: build final state 4f 4-

momen-‘-afrgommeaSur.ed-‘-r.aCkSand IlllIIIIIIllllllllllllllllllllllIIIIIIIIIIII

clusters - M (True) Opal MC
- Kinematic fitting: precise beam energy R:qq ::{l‘:;‘)

knowledge to constrain total four 2 qq =

momentum — improves mass resolution !

\_ - | fue)|
- Mass and width extraction: likelihood T ™
PR W, rrnial '.’1-:11|1111‘i‘1‘1—.~...

* Three mass exftraction methods: o e o

Convolution, Rewelghng Breit- M, /GeV
Wigner
Definitions
» Small differences at reconstructionand * In qqqq: 4-mom. conservation (4C
kinematic fitting level fit) . 4C+ equal mass for Ws (5Cfit)

- Clear difference in likelihood building In qqlv: neutrino —1C/2C fit

fracesco.spano@cern.ch W mass and width @ OPAL.: the journey PilcherFest, 22nd Sept, The University of Chicago 10



mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

Taking it from Robin’s solid foundatlon

Ngio? ~_ eRobin’s thesis was OPAL main
measurement @ /s =189 GeV

» Data Set:189 GeV data set [Ldt =
183 pb!

E\ " » Reco: separate kine fit and jets-to-W Doug Glezinski
kI pairing for 4 & 5 jets events Res. Associate

Robin Coxe » My, MTw: 1 dim. Reweighting:binned
Ph.D. Candidate |kl scan by re-weighting MC shape for
varying (Mw ,T'w ), least biased, fully

exploit MC relco

.fowards a new approach

DataSet: Extend to full data Reco & kine : fully had: fit as 5jets, merge
set (680 pb', ~11K W pairs) jets to 4, new Ikl for comb bkg handling
(matrix el + reco quantities)

Mw, I'w: 2d/3d Reweghting”: spread bkg (4j) + more weight to better
resolution (gglv) new flexible binning: enough ev/bin avoid biases

Full analysis of all syst.uncertainties: new data driven (LEP-wide) strategy + Final combination
fracesco.spano@cern.ch W mass and width @ OPAL.: the journey PilcherFest, 22nd Sept, The University of Chicago 11
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@l L —
slEvent reconstruction in qqlv channel

Js=172-207 GeV

) . > : | | _I | | | | | | | : >
Identify energy deposits 3 500 [ (a) qqlv RW 18
associated with lepton P . 1 2
Z40 | OPAL 15
*Reconstruct lepton (only in qgev z - 13
and qquv) 300 - :
- Force remainder of event in 2 200 | ~
iets (Durham - .
J ( ) 100 —
Apply small calibration corrections to 0 : 6 "“‘"“""" ” - :
jets and lepton
J P m,. (GeV)

4

Kinematic fit qqov
%2 : simplified analytic
minimization using di-jet
system only
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" Event reconstruction in qqqq channel

Force event into

* Bjets to account for additional gluon jet /4jets or 5jets depending on
jet res par (5j~23%) (Durham)

Standard P..+ analysis ﬂ Js=172-207 GeV

: S AN B

analysis jet direction from tracks ¢ E (?) 9999 RW,

and clusters with p>2.5 GeV .,
—reduce M, syst. error

) 400 e Data
from final state _ it
300
X Bl/g

\/ interactions, slightly worse
200

ﬂangular res.

100

e 0% %% oTa - i
7 SRR
1B, 050K
020000020 202020 20 %0 20 0% %%
K KRN T
00000020020 200021202020 2020 2020 % 2 %0 % ¢
A OBERRRIRIRIRKRIIRIERAGRIRRKNR

Apply small calibration
corrections fo jets D 0 =

Kinematic fit: BC and 4C fits
implemented —  W-Jet Pairing ==
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dﬁl Event reconstruction in ggqq channel

(cont)

Assign jets to Ws with different algorithms

- Reweighting and Breit Wigner: choose one assignment
with
- CCO03 matrix element and multivariate discriminant
(different treatement for standard and pcut) (RW)

- Kinematic fit probability for 4§ , multivariate
discriminant for 5j (BW)

» Convolution : use all assignment. Neural Network to give
weight to each assignment
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dﬁ[ Reweighting

» Basic idea: likelihood from MC distribution of (M,,.I'y,) sensitive
variables for signal and bkg. (M, T'y,) Ikl. scan performed by

reweighting signal MC sample for varying W mass and width
hypothesis

My=80.33 M,,= 81.33

» Distributions use multi dimensional binning

to spread bkg (mainly qqqq), give more
weight to events with better resolution

(mainly qqlv)
* qqev/qquv: 3D grid (2C mass,error on

2C mass,1C had mass),
* qqTv: 2D grid (analytic mass and its error)

* qqqq: 3D grid (5C mass,error on 5C
mass,difference between 4C masses)

* Reweighting function is product of Breit- .
Wigners correction needed

- Binned likelihood fit * Fully exploit MC power

fracesco.spano@cern.ch W mass and width @ OPAL.: the journey PilcherFest, 22nd Sept, The University of Chicago 15
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Systematics and combination,
the long and winding road

. . . Jim's aqvise
¢30lid connections with the |

OPAL “family” established Time to be back: FS in
emaximize “in house” Chicago at beginning 2002

coherence/activity (FS + AG)

¢ 2002-2003: a long effort on systematics

e Ultimately four “core” groups are left

» Chicago (RW), CERN (Convolution) , Cambridge (BW), Munich
(Convolution measuring width)

¢ Detalled studies : show RW can ride the tide

» final state interactions LEP wide studies: de-sensitize analysis in fully
had channel + data driven limits.— update jet pairing + higher dim RW

» hadronization: different baryon-kaon content in data/MC
» higher order corrections: include WW data driven Iimit — and more..

fracesco.spano@cern.ch W mass and width @ OPAL.: the journey PilcherFest, 22nd Sept, The University of Chicago 16
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1634 -2004

. W mass and width extraction s

* For each event in a data set, build likelihood to have a certain
value (be in a certain bin) of one (or more) (M,,.I'y,) sensitive

variables for signal and bkg

- Produce likelihood for each data set and maximize it as a
function of M, I'yy = determine M,,,I',, and uncertainties

Two types of fits are performed (consistent results):
Two parameter fit: (M, I'yy) are independent parameters

One Parameter fit: fit for M, (T, fixed to the SM relation :T',
M%), fit for T, (M, set to 80.33 GeV)

* Check/correct for bias (Monte Carlo) and expected errors (pulls)
» Evaluate syst. uncertainties
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,)\

dﬁ[ W mass and width extraction o
(cont)

* Results (years/channels) combined by generalized least-square
minimization taking into account correlations and systematic

uncertainties

» Strongly correlated methods (65% to 88%) — small stat. gain in
combination (~2% decrease in dM,5"") = Use CV for central

values: best expected statistical uncertainty on M,

Use

» final LEP beam energy uncertainty and correlation
matrix

- My, p.+ analysis to get significant reduction in FST
syst. and improvement of total uncertainty

fracesco.spano@cern.ch W mass and width @ OPAL.: the journey PilcherFest, 22nd Sept, The University of Chicago 18
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d nl W mass and width extraction (LEP)

aximum Likelihood fit to extract My, 450 ——————————

. L] @ r p—
[,:from SM relation or 2 parameter Fit © 400 -WW — qglv
E 350 + OPAL data

Different likelihood building methods § 300 w‘\x f]'lgl;l?:)

&)
l

O
3
>

mC

ALEPH 250 O 727 —'
| | 200 L Zly _
?_h(l() j ] WW # 4q channel ~ - -
a4 “ A J
- mmzz ; 100 |- —
%Jm) ; + : 50 —_ _—
300 : + f l nal ] 0 = ] S _L—_—:___lﬁ_ . -
200 | (a) J > 60 80 100

* ' 4 : (m__+m, )/2 (GeV)
100 . b ] qq \
r “‘o‘ \. |
O 560" sm
SC Mass (GeV/e) Convolution (D,0): Reweighting (A,L,O):
Breit Wigner (O): physics function®  MC shape reweighted
asymmetric BW, detector response, for varying assumed W
robust for preliminary statistically mass least biased, fully
estimation powerful exploit MC reco
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Or

-Use final LEP beam
energy uncertainty
and correlation
matrix

M., P analysis
—significant
reduction in FSI
syst—qqqq weight in
combination: from
10% to 34%

(If no FSI, comb.
stat~38 MeV, now
42 MeV—use most
of qqqq stat power)

Uncertainties on M,

Source Error on My, (MeV)
qqlv 499a (Pew) | aqqq
Higher Order Corr. 11 9 9
Hadronisation 14 20 0
Detector Syst. 20 10 10
LEP Beam Energy 3 10 10
Colour Reconnection - 41 125
Bose-Einstein Correlations - 19 35
Other 5 26 20
Total Systematic 28 (22,29) | 58 (b6,56) | 133
Statistical 56 (68,64) | 60 (64,73) | 51
Overall 63 (62,70) | 83 (85,92) | 142

In parenthesis: RW and BW summary values

Detailed discussion uses CV values - RW and BW are consistent

fracesco.spano@cern.ch

W mass and width @ OPAL.: the journey

PilcherFest, 22nd Sept, The University of Chicago
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d n[ Uncertaintieson Ty,

Source Error on My, (MeV)
aqlv a9aq
Higher Order Corr. 11 10
Hadronisation 77 68
Detector Syst. 29 o)
LEP Beam Energy 3 2
Colour Reconnection - 151
Bose-Einstein Correlations - 32
Other 25 54
Total Systematic 91 (8H) 177 (180)
Statistical 135 (131) 112 (130)
Overall 163(156) 209 (222)

In parenthesis: RW summary values. BW does not measure the width
Detailed discussion uses CV values - RW is consistent
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dPﬂl’ OPAL Results

My | M, = 0Met = dM,,&HGeV) Previous published result
B (Vs=161-189 GeV)
CV | 80.416 + 0.042 + 0.032 Woe 80 432 - 0 066 (utat) -
RW | 80.405 + 0.044 + 0.028 0.045 (syst)
'w=2.04 + 0.16 (stat) + 0.09
BW | 80.390 £ 0.048 £ 0,032 oy

Ly o, 3y x 8T, SST(GeV)
CV 1.996 + 0.096 + 0.102
Final OPAL results RW 2113 + 0101 + 0097

Combining
lvlv and threshold measurement

M= 80.415 = 0.042 (stat) = 0.030 (syst) = 0.009 (Ep.qm)
Iyw=1.996 + 0.096 (stat) -0.102 (syst) - 0.003 (E,_..)
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W mass status

summer 2005

MARCH 201 2

80 5 March2012
[ ILHC excluded

| —LEP2 and Tevatron
1 - LEP1 and SLD
68% CL

{ —LEP1 and SLD
80.54 — LEP2 and Tevatron (prel.)

68% CL

OPAL 2005: E
Mw = 80.415 + 0.052 GeV

1 80.31m
;
Eur. Phys. J. C 45, 307- -y ~ .0 S s e o5
150 175 200
335 (2006) GeV
m, [GeV] m, [GeV]  maRcH 2012
. W-Boson Mass [GeV]
World 2005 Direct
Average 80.410 £0.032 GeV TEVATRON 80.387 + 0.016
> 86 LEP2 80.376 + 0.033
QB 84 68 % Error Contour Tevatron includes MW(UAZ) Average 80.385 + 0.015
= =80.36+0.37 ¢ DoF: 0171
when LEP NuTeV ——a 80.136 + 0.084
started... LEP1/SLD - 80.362 + 0.032
LEP1/SLD/m, - 80.363 + 0.020
88 90 92 94 96 98 . 80 80.2 80.4 80.6
al My / GeV Indirect my, (Gev]
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W mass status (cont)

T T T ! |
—LEP1 and SLD
80.5- - LEP2 and Tevatron (prel.)
68% CL

S
()
O 804
=
£
80.3
150 175
m, [GeV]

" 200

Mass of the W Boson

Measurement M,, [MeV]

CDF-0/1 e @ 80432 + 79
DO o 80478 = 83
DO-II 0w —— 80402 + 43
CDF-I1l @2m" '-.-' 80387 + 19
DO-Il  @sm) -—0-'- 80369 + 26
Tevatron Run-0/1l @ 80387 = 16
LEP-2 '—0—‘ 80376 + 33
World Average -0— 80385 + 15

L . L
80200 80400 80600
My, [MeV] March 2012
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W mass and width @ OPAL.: the journey

80.45

80.4

80.35

80.3

80.25

80.2

80.15

fitter

— 10 band for MW WA

SM

gL kew  —

68%, 95%, 99% CL fit contours
excl. M, & m,, MH €[117.5, 127.5] GeV

MAY 2012

1o band for m,,, WA

|\||||||||||r~‘4|

[T
A Y

68%, 95%, 99% C L fitcg
excl. M, & m, W

160

170
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Some personal recollections(l) images

¢ Jim suggesting to move on from hadronization
studies ...

¢ Jim making time to talk to me
in his HEP office..

e Jim arriving by bike on a Saturday sunny afternoon to carry
a corrected copy of my thesis to my apartment..

¢ Jim and Carla inviting me to a reception at their house
at a very close time to my handing in my thesis ..

fracesco.spano@cern.ch W mass and width @ OPAL.: the journey PilcherFest, 22nd Sept, The University of Chicago 26
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Some personal recollections () Making it
possible: the Chicago way

e Solid advise at the right moment

¢ A strongly supportive environment at “home” (ATLAS/OPAL
group, HEP) in the collaboration (“OPAL”)

» nurture independence, while providing tools
“*tools for analysis
“*participation in meetings, conferences, being there where the action is

fracesco.spano@cern.ch W mass and width @ OPAL.: the journey PilcherFest, 22nd Sept, The University of Chicago 27
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f Some personal recollections (lll): The lessons *
e Concreteness and constructive approach
e (Group work

e Solid, careful analysis work

e Asking the (deep) questions

¢ Independence & trust

® [eaching by example

fracesco.spano@cern.ch W mass and width @ OPAL.: the journey PilcherFest - The University of Chicago 28
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Events / 200 GeV

Data/MC
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AWhat | am doing now: top pairs i.e. WW bb
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Still | cannot say it better than in 2004

The first person to acknowledge is my adviser James E. Pilcher. I have been
privileged to collaborate with him over these four years and to learn from him. My
respect and appreciation goes to both the scientist and the man. I benefited from his
insight in physics, from the guidance which led me to face all problems and difficulties,
also beyond physics. I was advised and supported while I was given the space to grow

and make my own decisions. I do hope to be able to collaborate with him again.

THANK YOU JIM !l
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Back up



Jets & metrics

¢ in Jet clustering combine object i and j with smallest d(i,))

* Jade 2E;E;(1 — cos ;) M,fj improper for soft gluons
Yig = = emitted close in angle to

S S |
center of mass energy high en quarks

e Durham (Mflz“)’&j = QmiH(EZ'Q, EJQ)(l — COS 9’&3)

(KT)
(M%)

YDij =

minimum kt of soft particle w.r.t. hard one in the small angle limit
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VW masses

Vs=172-207 GeV
¢s=1 72-207 Gev > T T 17T I LI L I T T 17T I T T 17T I T 17T 1 | L 1 I LI I 1 LU
T 1T 1T LI T 1T T T T T 1T LI N LA 11 T T LI T LU d, B | ALLCHAN 1446- :
o i ! ! ! ' [ ALLcHAN ' 1304. o i J
i ] @ 200 |- ] .
r= i 1 ) i x“/bins = 41.01/40 1
c 8 2p e o B > 475 | WW-qqgev N
:>j 160 | WW—qquv x“/bins = 34.09/40 : T [ | ]
- ] i Data ]
140 | T _+_ Data ] 150 |- | _+_ E
i ] i 1 wwsig.
120 |- [ ] Wwsig. 125 | ]
I - i B L] 4f bkg !
100 |- * | [Jatbkg 100 |- + .
i | i Z/y bkg 1
80 - - i ]
: Zybkg 7 75 | | .
60 |- il i ]
i | 50 [ I ]
i I| . i I 4 ]
40 - ] i , vk ]
i 1 25 - - _ ) 7]
20 |- 4 " ] L+ i A ]
. T ] 0 e LA =l | e, [ 4 .
P . A E S P BP0 Lo, 1 65 70 75 80 85 90 95 100 105
65 70 75 80 85 90 95 100 105 Mrec(GeV)
M,..(GeV) Vs=172-207 GeV
> 160 [ ' L PrrTTTT T ALLCAAN 7777 7 T 1561,
Vs=172-207 GeV S ; 1
> : T T T T T T R ERAN T sadn ] @ f
2 600 | | g t 140 1 2pins = 62.02/. E
a L - d>.) B WW_>qu'V X ins = 62.02/40
c r WW-—qqqq I} i
[0 B 20, 120 -
L|>J 500 | x“/bins = 34.99/40 i ] _+_ Data
+ Data "
I 100 |- [ ] wWw sig.
400 i I ]
: [ ] Ww sig. i ]
| 80 |- [] 4f bkg .
300 [ ] WWcomb | :
[] 4f bkg 60 -
200 | I
I 40 B
100 - 20 ,
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(cont)

Assign jets to Ws with different algoriTW'

- Reweighting and Breit Wigner:

choose one assignment with

- CCO03 matrix element and
multivariate discriminant

(RW)

- Kinematic fit probability for
4j , multivariate discriminant
for 5j (BW)

» Convolution : use all assignment.

Neural Network to give weight
to each assignment

fracesco.spano@cern.ch W mass and width @ OPAL.: the journey

Pilc

Event reconstruction in qqqq channel

1554 -2004

&)

* Rec. b jets: 4C fit+ merge 2
“closest” jets (JADE) : 4jets
—reduce combinatorial bkg

- Choose comb. with

 Stafidard

- highest Peut
CCO3 Highest |ki
Matrix El discr value

. Tf sum of - CCO3 Matrix
di-jet El,
angles is -4C mass diff.
smallest, - sum of di-jet
choose . angles
second- g
nighest ME | Assign jets
comb B

iversity o;r ic\a/g\g/os 34
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RW

* Rec. b jets: 4C fit+ merge

2 “closer” jets : 4jets
—reduce combinatorial
bkg

Event reconstruction

CV

1534 -2004

&)

BW

* Rec. b jets: 4C fit+

energy ordering
(using 4 jet)

» Discard 3 improb.

combinations (W
made from one split

jet+ large energy

imbalance)

- Evaluate 7 Mass

differences by
Neural Network:
values from O (bkg) to
1 (signal).

* Keep all comb with

Staridard Mo WH ;,m

: Z‘ggf* Highest
Matrix El Ikll discr

value

Lsumof 03 matrix
di-jet €l
angles is -4C mass diff.
smallest, | _ sum of di-jet
choose angles
second-
highest

CEANCER Sedinar

NNévalueVrhreshold
(m

* Rec. 5jers: choose

assignment with

highest pairing

likelihood >thr

- My, diff in 4C fit

- Largest inter-jet
opening angle in 3-
jet system

- CosO of 3-jet
system

* 4jets: choose

assign, with highest
5C kin fit prob P(1)
>Pin( + 2" highest P

st often W

~— Assign jets o Ws
W mass and width @ OPAL

P.,. varies for

standard and
P.sanalysis

! ~J|JUI 1V



dPﬂl Breit-Wigner

* Basic idea: Likelihood from empirical analytic
function: asymmetric BW+ Background term
(parameterize from MC)

e U LA L I ] I L !
e :_(c) qqin BW 3

events / GeV

N
o
o

- qqqq: BW—-BW:-Gaussian 300 £
centred at m,—better 200 |
description of 5C mass 0%
shape G
fitted function
» Unbinned fit to mass in (70-88) GeV mass
distribution: 2C mass for
qqlv and 5C mass for qqqq Robust and
- Derive bias corrections from Transparent
MC cross-check

CERN EP Seminar W mass and width @ OPAL F Spano



1634 -2004

i )
dﬁl Basic idea: Iﬁgliqx)g L‘?"‘l;'-mcgrglyfic function. @

Bkg: parameterization from MC
Signal: physics function ® detector respnn<e:

P(my.m. | R(
. "y wvent: 7710
- R( ) on event-by-event basis 0.05
° ° o Ld
kin. fit. »° 65 70 75 60 65
2_n,2
exp (Xmln —X (ml'mz) ) Blau: Breit-Wigner x Phasenraum
. 0.35 Rot: Breit-Wigner x Phasenraum & ISR
- qqlv: neutrino— less constraints —non 03 | 4 sl
gaussian shape; x* mapped with 6C kin. fits  °* 200
(4-mom cons + fixed mass values) 015 |
0.1
- qqqq: double Gaussian centred at 008 .

(M1 Mo ) from 4C kin fit x combinatorial %% e 1 75 8 8 9 95

bkg. parameterization. Likelihood : sum of

selected jet assignments weighted with N*' , .
output. ‘Exploit all resolution info

. . . . -Statistically powerful
. Unbinned likelihood fit Y P
CERN EP Seminar W mass and width @ OPAL F Spano



dPn[ Combination : the =
example of M

- My, is a linear combination of the results from fits to separate data sets

Y*= 2 iYW with 0Xy*)=3i (o))
*Weights and errors < y* must be unbiased and have minimum variance

-1y
w; = 2ic (E (02 =3, 3, w; wy off ok ¢ Tk

>i >k (E™ik

-E is covariance matrix with stat., syst. errors (k) and correlations p
E is 9x9 (Vs comb) or 18x18 (Vs and chan. comb)

-Equivalent to minimizing S =3, 3¢ (Y -y:)) (y*-y,)(E ™).,
where S, Is distributed as a x“ with n-1 degrees ot treedom

CERN EP Seminar W mass and width @ OPAL F Spano
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Systematic Uncertainties G)
Estimation

Implement only the Monte Carlo data
variation due to ’ ~ Leave as is: default

effect under study

Build N data-sized varied Build N data-sized default
sub-samples sub-samples
DO N Var'ied fl‘l‘S for (MerW) DO N defGUIT f|TS fOf‘ (Mw,rw )_

% (varied - default) = < _2i (Xjrered - Xifetedy & RMS of (v-d)
N Vs o

stimates error
Vs-averaged difference ( “varied” - default) is taken as syst..

Many “varied"options (models) —take largest diff.

CERN EP Seminar W mass and width @ OPAL F Spano
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ngl LEP Beam Energy )

Kinematic fit: energy scale from Eg ., —— dMy/My~ 8E,cam/ Ebeam
Epearn (Vs = 2E, .., ) measured by

LEP (directly) : average over . o |
3 different check methods to EXpe.r'lmen’rs (indirectly) : from
physics events

reduce syst. uncertantie
X All results: j

consistent
Uncertainty for each data set (from LEP):
0B, qm = 10 to 20 MeV

correlation matrix used ﬂ M,, and T, combination

Obtain shift as “use kin fit(Ep.qn+0Eream )" = "Use kin fit (Epeqm)” —
My = 9 MeV, o'y, = 3 MeV

CERN EP Seminar W mass and width @ OPAL F Spano
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P

Detector Modelling E

Direct reconstruction is sensitive to detector modelling—
Use samples of e’'e” —Z° @Ecm=91.2
(taken year-by-year fLdt~13 pb? for

inst. ~400k Z—had) TO. calibrate Use uncertainties to shift
energy scale, resolution and

linearity, angular scale and ) fallll.?t:‘a(;rlonls.be" ealib s S
+ - —
resolution for leptons and calib+d(calib)” - “calib. w

jets, mass scale for jets = 20 MeV , oI,=24 MeV

'Vl'os ,.I1I’[TIT] 1 ] LI

— = R -y 1.3 LI L L | T il =TT

- 1.04 F (. e -

.%I.(B f—(d) R g 3125 - (b) $

%1.02 ;_J“t energy scale 24 k :.f 1.2 Jet energy resolution DOminGnT effecTs
1.01 F T3 115 |- ; ‘For M, :jet mass

I f’#gﬁ:ﬁowﬂ*ﬁrxf’*?“}* JE 11| + d wd

099 [ 544 s [ # # ..+ 1 andlepton en scale
oot | R ARt (qqlv)/jet angular
0.97 £ F l _lg# TF 7 éqq; 94 JET anguia
0.96 [ = ).95 .

0(); :l A B ll ] I 111111: 095 E l l l -1 b'GS (qqqq)
TT0 02 04 06 08 T e R

0 02 04 06 08 1 -For FW jeT and

lepton en.res
CERN EP Seminar W mass and width @ OPAL F Spano
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ot Higher Order Corrections

Incomplete description of EWK corrections — imperfection in
probability shape— dM,,, 6Ty,

* KoralW (Monte Carlo generator for e*e’— 4f) used in the analysis

* Cross check with KandY (KoralW and YESWW) : improved
treatment of photon radiation and photon exchange between Ws

Syst. shifts estimated with KandY : switch on-off improved corrections
w.r.t. KoralW and sum in quadrature.
(Use OPAL o(WWY) to constrain shift from photon radiation effects)

|

6MW: 10 N\eV
or'y = 11 MeV

CERN EP Seminar W mass and width @ OPAL F Spano
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dPnl Hadronization o)

Quark—hadrons: not understood mechanism — modelling — dM,, , or,
Use hadronisation models tuned at Z°
JETSET (JT): Lund string model
HERWIG (HW): singlet cluster model

Different baryon and kaon rates in Residual Largest shift
models explain part of oM, — ‘ (model - JT): genuine had.

re-weight other MC to JT (def.)

JT baryon/kaon rates different =)

Syst: nJT corr.
from PDG —apply correction to My, ysT. erroro orr

oM, = (genuine had err) ®@ (error on JT corr) = 16 MeV

6Ty, = largest shift (model -JT) (b/k rates not useful) =74 MeV

CERN EP Seminar W mass and width @ OPAL F Spano
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dﬁ[ Final State Interactions S)

.+ 1/Ty~0.1 fm << |, .q~1 fm —1wo (colour singlet) with

significant space-time overlap— possible interaction of
inal products

-/ Effect not simulated in Monte Carlo— possible mass/

width bias only in qqqq channel
§T‘C— n

Colour Reconnection T BOSZ-EIHSTCIH
S o Corrrelations

i M interf

* QM interference -
. Eolour cross-talk :2 Momentum space
etween Ws: o correlation of

bias in qqqq but < bosons pairs from

not aalv | different W (inter-
1 T — | W) decays: bias

Colour
RecC il
conneclion . %g?gbl?sruZd In ZO deCC(YS

CERN EP Seminar W mass and width @ OPAL F Spano
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Pﬂl' Colour Reconnection =
My, 0T, = largest (CR - no CR ) shift in different models
Sjostrand-Khoze models Model My, *(MeV) |8y, *(MeV)
IITIT): iable CR

(IILII): variable Herwig 40 27
strength .

HERWIG Ariadne 66 128
ARIADNE SKI(p .. .=58%) 125 150

ﬂ Prec = CR Pr'ObClbi“Ty — CR STreng‘rh

Particle Flow technique

M tio of OPAL PF analysis sets Final step
easure ratio o o .

, L 687 CL upper limit on Desensitize
Par"rlcle de.nsmes in CR strength in SKI t nalysis 1o
intra- and inter- W model (p.,.< 56%)—> Data B offorte

planes : sensitive to CR

< Driven oI'y,, and dM,,for
Intra- W\/ 1>\/< Inter-W Q>
/’\\ /Wz\

CERN EP Semmar W mass and width @ OPAL F Spano



O

CR affects mostly soft particles
between jets = changes jet direction
Re-calculate jet dir. from particles:

1. with momentum P larger than Py,

2. by weighted momentum vector
sum (weight = |P|x)
3. within cone of radius R

Use P, .=2.5 GeV for M, only (best stat-

mass/width shift (MeV)

400 |
300 |
200 |
100 |

0 s

syst compr). Standard analysis is best

for I'y,.
o 200 T T 1 T
= 150 - OPAL © qalv B
—,: 100 - * 9449 al l 1
5 e -
E 50 L3y 10, &1 I
0 _#. % T [ % T |-L-Q | -
- 19 + )| '. ¢ o /g o o |
50 | |
100 I I |
- ':'c ;U Z:‘c ‘? PK ?7; D ':\‘. ;ﬁ cz cz cz ez
CERN EF Seminar W mass and width @ OPAL

Colour Reconnec’rlon (con’r)

600 |
500 |

- (a)

® mass J, (standard) OP AL MC // / .
> mass p2 - / :
A mass K y E
‘ width J o SKI _,/’/‘ -
| y - o
//
T 4 /// =
A -
A P
== e & ——/.J_,—- =
. ' :wo =
R st = —
LL-"‘"f———‘—’— T_‘. L Q- L1 1‘ ) | 1 1 1 1 |
0 0.2 0.4 0.6 0.8 1

M, (p25)- M, (o5 ) is sensitive to™
CR — measure in data— combine
with particle flow : Combined
687%CL upper limit on CR strength
in SKT (pyo.< D8%)

SMy, R : 125 — 41 MeV
SMyST" : 51 — 60 MeV
Total 6M,, improves:

142 MeV— 83 MeV
oI, R = 151 MeV

F Spano



dFlll Bose Einstein Correlations

Ao Dits) BEC

Use LUBOEI model tuned to BEC in Z° decays: | strength
- obtain shift in (My,.,I'yy) from samples ) I

“with" (full BEC)- “without" (intra BEC) BEC wnne (CL0)

between Ws. full BEC @
- My, shift: 40 MeV (sfcﬂe~24 MeV (P ).
BEC investigated at OPAL : No At e
evidence for BEC between Ws as /

DA 001 005 0 005 01 WIF a2

predicted by LUBOET ||

Determine the Fraction of the . Data-model(intra)
model: Percentage of LUBOEI model(full)-model(intra)

inter-W corr. allowed by data

. . : OPAL FoM = 0.33+0.45
(Linear in 6My[Trom LEP studies)

Use OPAL 1o limit on FoM : take 0.77 of the shiftsin M, and T\, oM, ~

35 MeV (std) =19 MeV (P_); oIr'y~32 MeV
CERN EP Seminar W mass and width @ OPAL F Spano
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Results for My o)
g n | | | | — 4 OPAL
3 ol :,i 5 « CV o RW . BW
= 80.5 £ to1 ol
= B F B S Uk e bamS --004]
: 1 stability and
NS | 3 agreement over
06 97 O8 990 00 All dGTG Samples and
| qGly channels
o Py analysis standard analysis
¢ - | | | = - | ! ! | |
sl S - 8
- - )
g = } | 'v. :: l :*
p 80.: o I == e e =1 - - }— A4 —
o F H Y5t 3% 'Fﬂ bad: E,mu ETTT 41 v g3 Ho-goi3
80 Ft £ 80 ({74 -
79.5 —_ll 1 [ == 795 T -
96 97 98 99 00 All 9% 97 98 99 00 All
1999 (P aqaqq (J,)
CERN EP Seminar W mass and width @ OPAL F Spano



W-mass extraction in W—lv
M,,_sensitive variables:

- Tranverse mass My = V(2 p{ pr'(1- cosb)) (mostly used)
- Transverse lepton momentum p+

- Transverse missing energy
Use maximum likelihood fit to data. Likelihood built from templates with

varying W mass >
<, & DO
Z . DO A
& MT . Z
J o
7Y P -0 lep
r iR / . P+
L . w =0 : ;
' measured
..'b\“.-.- e
55 60 65 70 75 80 85 90 95 30 35 0 45 50
B V(] _ m.. (GeV) p(e) (GeV)
MST = \{ 2 pIij(lt iosh(pldv) ! Insensitive to detector hadronic response
ensitive to detector hadronic response Need correct model for Py
and to multiple-interactions etc.
Insensitive to P\, at Tevatron -> need to understand soft hadron production

...but residual sensitivity at LHC -> missing higher orders of QCD corrections
Pisa 2" December 2005 W mass: from LEP to LHC F Spano




CDF’s most precise W mass measurement
http://arxiv.org/abs/1203.0275

2.2 /tb

e [emplate fits to 6 distrib, combine with belt linear estimator including
correl (70% between mtand pr, ~30% between pt™v pr'e)

mr = /2 (05 Dy — B 5F)

» i Distribution W-boson mass (MeV) x?/dof
5 15000 W= v mr(e,v) 80 408 =+ 19s¢at =+ 184yst 52/48
E ph(e) 80 393 + 21g¢ar = 19.yst 60/62
£ I w2/dof = 58 / 48 P (e) 80 431 + 255tat £ 226yst 71/62
& 10000 mr(p, v) 80 379 + 16tat = 165yst 58/48
(i) 80 348 % 184¢at £ 18syst 54/62
i P (1) 80 406 & 224¢at & 20syst 79/62
5000
Source Uncertainty (MeV)
o oot it e pEp R R T, :
50 70 80 gomT(Pw) (Ge\};) 0 Lepton energy scale and resolution 7
S Recoil energy scale and resolution 6
> C
S 0000 Lepton removal 2
W — ev
gs - Backgrounds 3
2 x2/dof = 60 / 62 pr (W) model 5
(<]
it Parton distributions 10
5000 QED radiation 4
W -boson statistics 12
Total 19
0 T R | L L L i
30 40 50 . . .
E.(e) (GeV) TABLE II: Uncertainties for the final combined result on My .

Mw = 80 387 &= 124¢at

W mass and width @ OPAL: the journey

fracesco.spano@cern.ch

- 15syst = 80 387 4 19 MeV /c?.

PiIcherFes_t, 22nd Sebt, The University 7of Chiéago
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JOp sIgnatures  .i.pon t decays

v ~32.4% (e;U,T) 4
qq ~67.6% |

* High Pt jets W had . 1.6
*b-jets L tau A4
* 1 to 2 high Pt leptons ) '
* Missing energy t b
= ()= o
t
b : single top
v <> ~w 9/q’b, b
//I or 2 jets
bkgs_t;: W/Z(+jets), single Wt t,s
top, QCD, Di-bosons bkgs_single_t: tt +some bkgs_tt

RHUL Particle Physics Seminar - 2n May 2012
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dﬁl Event reconstruction iIn gggg channel G)
(cont)

Assign |ets to Ws with different algorithms

* Reweighting and Breit Wigner: choose one assignment
with
- CCO3 matrix element and multivariate discriminant
(RW)

- Kinematic fit probability for 4j , multivariate
discriminant for 5 (BW)

» Convolution : use all assignment. Neural Network to
give weight to each assignment
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Event reconstruction in gggg channel
(cont)
AssIgn jets to Ws with different

* Reweighting and Breit Wigner:
choose one assignment with

- CCO3 matrix element and
multivariate discriminant (RW)

- Kinematic fit probability for 4j ,
multivariate discriminant for 5j
(BW)

» Convolution : use all assignment.
Neural Network to give weight to
each assignment

Assign jets
to Ws
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