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LHC

Jan Krolikowski Fizyka Czgstek Elementarnych II 1



r. akad. 2008/2009

V.1 WYNIKI LEP

Jan Krolikowski Fizyka Czgstek Elementarnych II 2



ete>70

Calkowity
przekroj czynny

Jan Krolikowski

r. akad. 2008/2009

| ModEL STANDMEDONY . @

e s (szr I;’,_Q Nc(s-Mé))
(s-Ma) +s*Q7/M] Ma*

+
4
A2

= P T Y o = \".F 'y
7 Ve [li =2l ew] §=didgmdd T ™
o3 6)- () X
Op (6)+ 0 (§) M -

B /-é <
Ay & i 7 %@”&
o

e

n
P
8)
5
?
n
t

T
| &

ZalEn0sd LT
T’.—_ GFM; Lw‘l_} N\ ‘.‘-_
2 [ 213 ~44.4 Sm G, + CL.6sim B, + Nv:[
24 \j'i T Y P Y Warnrnan v

G, 27
fim 6= 0.2

Np: % T
p ’T; 2.65 + O.I?Z(Nu 3) My = 4226

| = 20 # 02 (ny,-32) 1 hw'l, =002 = 0602
- ‘ | Ma=granp

Fizyka Czastek Elementarnych II



r. akad. 2008/2009

Catkowity przekréj czynny e*e—f fbar

Gf(S)I 252 __ 127’CFF -I—l Qf
(S—M.," )" +5s°T, MZ
—2
41t o
+?NCQf—

(s—Mzz)]+

S

T, =N

&ﬂg(lf
S\FG

1+ Ap=1+
p P= 167

+ +0(g) |*.[1-
C 6 /27_c gV gA () MZZ

~2Q, sin?0,, }

Jan Krolikowski

Fizyka Czastek Elementarnych II




r. akad. 2008/2009

State
sprzezenia

Kinematics
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Pomiar calkowitego przekroju czynnego w LEP
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Figure 2.3: Leptonic cross sections as a function of centre-of-mass energy as measured by
the DELPHI Collaboration [58]. The solid lines represents the MSM fit. to the data.
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DELPHI

Volume 241, number 3 PHYSICS LETTERS B 17 May 1990
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Fig. 2. (a)—(c) Distribution of the energy ratio E3/ Eye.n, versus the energy fraction R (see text for the definition « ¢ ). (d) shows 725/
Eyeam Of sample A (continuous line) and B (dots) for 0.5 < R < 0.9 normalized to the same luminosity.

The visible cross section for the luminosity cvents formed. The \'i.sible cross sec\iqns at il\i§ cnergy were
WY ZWALANIE
4. (E, >15) * (E,>1S) kopLanarNE (A4 =im0+207)
€* 99.922 s& ~0.62

2. (&, >38) #E >35)

2. (B, >1F) o ( EL>IS) « Tulks Pr2Ez c2es<d

®2ASw !

/SL ) o 3
———) = 4.3%% LA DANwcH z 1990 -
& VgesT 2.4 % z 1989 !

. ~3 .

Jan Krolikowski Fizyka Czgstek Elementarnych II 10



r. akad. 2008/2009
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:  [measurement e ] :
a) LEP Sl dEa. )
line-shape and 0 P ' 9'-(
lepton asymmetries: 5 : A
Mpz -l 91.187+0.007 Cev | &£ 0.004 1 Winter 2001
Ty 2489+0.007GeV | £0.003 Measurement Pull Pull
of 41.56 + 0.14 nb 3-2-10123
R, : 20.763 + 0.049 i
Ky 0.0158 = 0.0018 m, [GeV]  91.1875+ 0.0021 .04
+ correlation matrix (Table 9) . I, [GeV] 2.4952 + 0.0023 -46
olarizati tries: 0
: Y T Do 0139+ 0014 : Opsge [ND]  41.540 +0.037 1.62
A 0.130 + 0.025 R, 20.767 + 0.025 1.09
b and'c quark results: A 0.01714 +0.00095 .79
Sy 0.099 = 0.006 | b
Ay 0.075 £ 0.015
Ty5/Thea 0.2200 -+ 0.0027 |
qq charge asymmetry: . 2. lept
sin’6)F; from (Qpp) 0.2320 + 0.0016 Sin“0, 4 0.2322 +0.0010 .78
b) pb and vN -
Mw /M (UA2) 0.8813 £ 0.0041 R, 0.21664 + 0.00068 1.32
E My [CDF) 79.91 + 0.39
1 M3 M) 0.2256 -+ 0.0047 R 0.1729+£0.0032 .20
0,b + -
Table 23: Summary of measurements included in the combined analysis of Standard Model parameters. A'an 0.0982+0.0017  -3.20
Section a) izes LEP ges, section b) el X precision tests from hadron colliders and ARE 0.0689 + 0.0035 . -1.48
Wieetsae A 0.921+0.020 - -68
= : — qg +b6.000. b . +0. £
. Fad '\Jv = 2.4% 20 A, 0.667 + 0.026 -05
x === 7 A 0.1513+0.0021  1.68
SN e e my, [GeV]  80.452+0.062 95
Y i C/Lf‘ /PP m, [GeV] 174.3+5.1 =27
A g (5) 5
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Figure 5: The x* curves for the Standard Model fit in Table 24, column 3 to the electroweak precision
measurements listed in Table 23 as a fanction of M, for three different Higgs mass values spanning
the interval 60 < My (GeV) < 1000
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LEP/SLC Rozne metody wyznaczania sinz ‘9W
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Precyzyjne testy i poprawki radiacyjne
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Figure 13: Comparison of LEP-1 measurements with the Standard Model prediction as a function of \

mpy. The measurement with its error is shown as the vertical band. The width of the Standard Model !

band is due to the uncertainties in n(m%)‘ ns(m%) and my. The total width of the band is the linear 0.14 0.16
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Figure 14: Comparison of LEP-I measurements with the Standard Model prediction as a function of
my (c.f. Figure 13). Also shown is the comparison of the SLD measurement of Apr with the Standard
Model.
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Zaleznosci miedzy m,, my,, my

Test of the Standard Model

Use electroweak measurements at LEP1 80.6 _ N S A
and SLC = indirect determination of | —LEP1, SLD, vN Data
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1 : C (D
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Correlations between My, my,, and My
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Masa Higgsa z globalnego dopasowania

B e MM = 172.4 (1.2) GeV  m,,,, =154 GeV
Global fit to the Higgs Model ! H
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The dependence upon the Higgs
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through loop effects
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Globalne dopasowanie i masa Higgsa

Best fit my, = 87752 GeV is the result of a tension

July 2008

between leptonic and hadronic asymmetries

Only the hadronic asymmetries it
i (and the NuTeV result) push | Ao
: for a high Higgs mass :
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ROZNICZKOWE PRZEKROJE
CZYNNE I ASYMETRIE
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Rozniczkowe przekroje czynne i pomiar asyme’rrn
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Asymetrie w rozpadach Z°
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Pomiar asymetrii przod-tyl w
rozpadach  Z°—bb e B spag SRS
w LEPie
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Fig. 5. cos 07 distributions for events from the muon sample in the low- and high-pe regions below a) and above b) 1.6 GeV /¢
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Fig. 6. cos 67 distribution for events from the electron sample in the low- and high-p, regions below a) and above b) 1.6 GeV/c

Table 1. Classes definition and composition of the lepton samples in different kinematical domains. (
corresponds to the transverse momentum when the lepton is included in the jet The pe cuts are in GeV

Ype of process “x- T Value of their  Composition of the samples in %
asymmetry for L= for L = ¢
Af Nocut  pe Pun  Nocut p
16 > > 1.6
exp 753 23 297
fo b—1 Ary 319 753 723 29.7 788
P
b l-
b—&—7" =1
Ly T P
o b { - Apy ni 38 57 86 34 a9
— 7 { it
fe é— A 151 60 47 120 52 42
=7 =l
Jog Total Background Al _ 3

Number of data candidates
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OZNACZANIE DZETOW B

®Za pomoca leptonow o duzych pedach (p, lub p,)
eZa pomoca detektorow wierzcholka
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Znaczenie (tagowanie) dzetéw b za pomoca leptonow

. ; : 99,\,#”9” ° °
B (b ->cey) Metoda polega na znalezieniu
wewnatrz dzetu leptonu o
CLED Two lepton events . . .
s = duzym pedzie lub pedzie
- —>ce€v R . .
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Oznaczanie dzetow b za pomocq detektorow
wierzchotka

& Py- BRusseL s

omparison o

€. TROMeON

ertex Detectors

[ Experiment | SLD-VXD3 | GDF.SvXHI | CLEom DELPHI [ H1-GST
[ layers 3 5 | 1 3 2
radii [om] 28,38,48 | 24,4.1,65,83,10.2 [ 25, 3.75, 7.5, 12. | 6.3 (ds), 9 (ss), 109 (ds) | 575,97
active 16 9% variable 22.7,22.7,27.3 35
length [cm] cos(0)=.93
barrels 1 3 1 1 1
¢ modularity | 12, 16, 20 12 7, 10, 20, 30 24 12,18 |
[ detectors 96 720 566 288 180 |
strip pitch
rphi [um] 20 (CCD) 60, 62, 60, 60, 65 50 n-side 25 25
2 [um] 20 (CCD) | 150, 133, 60, 150, 65 100 p-side 49.5, 99, 150; 42 88
readout pitch
rphi [m] 20 (CCD) 60, 62, 60, 60, 65 50 50 50
z [um) 20 (CCD) | 150, 133, 60, 150, 65 100 49.5, 99, 150; 42, 84 88
detector 80x 16 7.8x 5.12 x 2.56 8.0x19,6x19(ds) | 5.63x3.20
area [cm?] (1.7, 2.5, 3.9, 4.7, 5.9) 5.8 x 2.6 (ss)
5.8 x 3.2 (ds)
detectors/ladder 2 4 412 4 6
S/N 20 14 (expect.) 48 - 15 (expect.) 13-18 (meas.) 15 (expect.) |
spatial resolution
Rglum) 5 7.6
2 [um] 6 9
symildtic 1P resolution ;
R [um] 9 (ep.),13 | A5 ~ 5 20 (meas.) [0 w184
z [um] 14 (exp.), 35 39 (meas.) [6o - A%
at 4 3&V/C

CLEO 3 SILICON VERTEX DETECTOR

l—52.600 [2.071]

/-LA\'ER 4 SILICON

(cm)

24

15

12.0

i detectors # detectors z
in¢ inZ
Tor8 Jord 28
10 4 40
20 8 160
30 12 360
Z 588 detectors

/LA\‘ER 3 SILICON

FLEX CIRCUIT

¢
\Be BEAM PIPE

Jan Krolikowski
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VTX detectors

CDF svVx

/34

TEPUT

Om

=14

Tote actine

0.9
Purity

0.8

0.6

0.5

0.4

0.3

CDF -3Vxil

Zle m

27
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Poszukiwanie wtdrnego wierzchotka

e

Secondary Vertex b Flavour Tag|

Used by OPAL

e Reconstruct secondary vertices from tracks in each jet

- Runievenl 3143: 12065 Dote 920609 Time 90258Cirk(N= 28 Sutp= 48.0) Ecal (N= 37 Surf= 33.5) N}/{Nﬂs SurE= 13.5) | ° Reject vertices with fewer than four tracks

Ebeam 45.653 Evis 71.5 Emiss 19.8 Vix ( -.13, -.02,  .20) Muon(N= 1) Sec Vix(Ne 1) Fget(l= 0 Sume= ,0) |ff
Bz=4.028 Thrusi= .9244 Aplan=_.0178 Oblot= -0674 Spher=——10857—

e Construct physics signed decay length significance

= T T E
S :
> - OPAL 1
; Preliminary
s |
T 10 E ; ; E
> backward tag ! i forward tag
s L/0<-8 L/o>8 i
102 t
-3
10k
—4
10 |
107° 1 1 1 1 1

-30 -20 -10 0 10 20 30

Decay Length Significance L/a,

® Folded tag: subtract statistically backwards vertices from
forwards vertices — reduces resolution uncertainties

Jan Krolikowski Fizyka Czgstek Elementarnych II 28
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Oznaczanie dzetow b

g|

o Construct “no-lifetime” probability for tracks with physics-signed

impact parameter b > 0:

oo
Py :/ R(z)dz
b

resolution function R measured from b < 0 distribution

e Construct joint probability for “no-lifetime” in the hemisphere:

N-1 i
_ (=InIT)
Py=Ily *——~>r

i=0 J:
where
N
0= [[(Pr)
i=1
g 1
E E
£ | SLD
E ., 14
S10 4
E 1A
S A
L
E10
z
uds‘ c ...‘.'0. b
10 a '.. %0
A omy 'o.
4 A " %o
10 | A4
L] %
IO | %o
Joyyes o °
o T #
L L I L !“*IH L L f234
0 1 2 3 4 5 6 7 _8 9
-log;(Pn)

Used by ALEPH, DELPHI, SLD

Jan Krolikowski
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POMIAR R,=BR(Z°—>B BBAR)
W LEPIE

Jan Krolikowski Fizyka Czastek Elementarnych II 30
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Metoda pomiaru R, i R,

METSDA  PoMIARW IQb ] ’QC_

24 We ce.
o TTELTYWNOSE WYBSRY |
comoid PREBEE uusza

2 ToBrzE ZNANE
NIE PoowdiA NA-
WHBRANIE C245TY(H C
2 ‘Douse LIFETIME TAG"

r/
oL renvme. A6 alea
“2 MO
Kit % / /
7

- v / -
0 o'g > F— ’o'o}'HUSIMY WYBRAC RZCPADE
+ - Py
Qe >Z°— ¢¢&

METoDY WHBORU PRE B '@Eﬁ

/’/ 7 //// ///
jgb Z DANYCH S

|

C27STOSC RoOBE!
b~ °5%Y,

® lepon (e, m) O DueeM (R A-26evk) o
W2GLETEM OS! D26TU (o8 T, S, - )

&) 2 $

8R (A=279X) ~ 0% < Wiki%s
‘ s

8b ~ 107 \L

‘ . crswsé v 0%
Widwo 052  lo— DFE [~ } 58 twne O
Driey... g

Vi :

N, = bessa 20 5 hades ! g gguﬂ
Nb =  Lic2BA ZINALEZONCH BEE'I/b‘IW

2N AL T

{:{e?su DmszoNne 2 Prew b w4 Praupanku
= (ezumy 92 RASY)

Ny, = LezBA Pr2uPADKRASW ,W kTERyCH COHBA
TREYY B4t ROZPOZNAE Jako b,

s = 2Ny £ FEkTv oS
0 N ZNALEZENA DZETU b
;
, N -
Z Nept € Y Nepy Nbb
o AREPTZIE Moy Ny, $§A w
PRZYRLIZENIY RAOWNE

¢ ZANKEDBuJEZMy KORELACIE I

v OBENeEd TEA  KOMPUKRUJE OB

- DOMINLIACHM TeeM  ge=T
zZ° — ce

Jan Krolikowski
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Metoda pomiaru R, i R,

Ungledmagae  lesvelase
N{: & Nljﬂ.-”zwia/c&ﬂ ) MWF&L deetvw

. Total efficiency correlation p:
Nﬁ = N fvaﬂad%u 2: 9 ZM"‘]M' dndtawn y P
¢ | _ (Ca(e®)? — &)
- b _ b)2)
Ne ¢ ) (e (e
= = = R,- +8. 8 +Ad-R,-R)S
Re Ny Ry-& *# Rl +E 0 R) s typically:
109 N0, ili
R,= Met _ R, 45t R £z +U=R—R,) €us, iar ® p —1% t0 —2% for IP probability tag

Mpos

F R (5+g(g-)rR & +

+(4- R -R) €L,

® p +0.2% for secondary vertex tag

0.01

&, Duze (~ 20’/0) Q | e colculated correlation o ®
. m component sum o ¢
£ s rmale > 2awmedéu 7 2.2. L . .
2 5> Cads 199 # ) A gluon radiation
My = ’ + % vertex bias

| A emnnazanns s na

v [eeecccsccocsceocoeest

o e . — 0
ROZWTA2LT EMY J2ute AQAC Nyt &% | AMAAAAAAAAAA v,

S
SAKADATAC  up Ae "

DELPHI '95 /Q'f $o) Cuas = Yurulady &éﬁiﬁﬁiﬁ#
(1222003 % 016) xI0°Y \ PR 'ﬁiH

, =2
(0.323 £0006 £0029) <D | DELPHI ;
(-026 £ 015 £ 008)xI07* NG = -013(Re-R) -3 = 3
By = 02224 £ 00013 £ 0.003% = 2018(R,)
Ep = 02012 pomg “MC - 0495) Systematics from statistics, resid.:al MC-data differences
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Metoda pomiaru R, i R,

METDY W1RoRU  PRABRL 02

+
o widk DY o pumkMm PEIZE "
W JEDNYM 2 DEERSW ( b— D w.aIe_)

o L!FE'TTM.E/ P,:‘_’/KSZTA'tT‘ PR2U PADEIL
4 eRvERAM Fomcenczemn C/b

-P (c = 'D*r) NE JEsT TORRZE 2NANE
C2ery syenar DD g |
e D° Lus Di

Ot')
Wr2sZE Teo aE LEPET zVvaNE [T )

l e PREBKA 2° »>bb  JEST INKWZYWNA
| e Pragra (20 B, D0F ) ger
ERSKULZYWNA- |
°* YYZNACENIE EC—>C WHMASA WIEC
¥ N to
i zvagomoder £ (e DFF) e Lle—=D )
l | Sroswesn Repeetgzien (up 2 CLEO) i

N (D*) A
“Y": = N, Chads) fCE-=DY)
tot '

Charm Systematics

Production fractions

e Tagging probability of different ¢ hadron species differs
(lifetime)

o From DT to A, typically factor four difference
e Take from CLEO and ARGUS measurements
O« FDY) o FOF) « FLlE) =
0.557 : 0.248 : 0.120 : 0.075
e Variations according to CLEO/ARGUS errors i

F(DY) +0.053;  f(D*) £0.037;
f(D° +D+) £0.070; f(DF) +0.050

e LEP measurements now competitive: consistent with
above numbers (see talk by M.Hauschild)

Decay multiplicity
MARK Il measurements (Phys.Lett.B263(1991)1)

e D? D+ D} mean charged decay multiplicities and
distributions

e B(D — K%orK°)X)

Add a large error on mean charge multiplicity for unmeasured

5 : ( A (£0.5 on mean about JETSET prediction)
_ANEDBANIE  PRoDukgyl NP Z—c y [ ovionsn  povely

B
Dowomge PODWIESIENIE — (e—>D¥) A wigl &

Jan Krolikowski Fizyka Czastek Elementarnych II
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Metoda pomiaru R, i R,

LEPTON 1
TA
DELPHT & |
: o )
® ) (/Bc! ‘ DX [y amz:,uxgag
Al \ | a ld lsgne-Wée ..
- ox
> | oy
Y D Ly e
vy, il DEw Ly [ | Do+D D% (e
’f*--.' ‘r/i?’ |
9 zmuasT M7 e |SGW
@)} - I-x
9) b -5 T X — 7%
hy - 2 — I'X
Yb — ex— LFXx a,d, s
- /;ja»)ﬂ

& —» gtx =X -~
‘O/C’

A2~
cc — L ez allbo I+, W KASKADE

;_\ lelkie W -3 L 3
g sl g g sl
lolddes W blebme z:%ﬁwtmbg
1
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Wynik R, i R,
Antykorelacja dwoch mierzonych wielkosci

 Comparison with St'andard'M'o‘d'él,f:{};Rg_k

;,400-18 T T 1 ‘Comparison with Standard Model: R, Fixed |
i 999, g, 1
S T 99.9% CL ] ~250 ———
e S 95% CL | 3
0.17 |- y =
L g
f ‘ 200
0.16 _
; 150
0.15 - g ™
68% CL - 'RF=Q.1|721fix'ed‘ [
SET \ ® ] 0.21 0.215
q
Standard Model predictions from ZFITTER 4.9:
T § TP I P . SO | e WP wiEy ™ 70=91.1888 GeV, 60 GeV < my < 1000 GeV,
70.214 0216 0.218 0.22 0.222 0.224 0.226 0.228 T as(mgo)=0.12, omy)=1/128.67
R
b

For myop = 180 £ 12 GeV, Standard Model prediction

2 . Ry= 0.2155 + 0.0005
Ax* between best fit with Standard Model R), and R,

(meop = 180 GeV, Ry, = 0.2155,R. = 0.172),
and best overall fit, is 16.0
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SLC: ASYMETRIA
POLARYZACYJINA

Jan Krolikowski Fizyka Czastek Elementarnych II 36
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(Tylko) taon JZST swoim wtasnym polarymetrem

N IES POLARY ZOWANE e e
MIERZYMY ‘PouA-lzvacgg
hp koNicowEsn Fermionu |

o —
i

la.‘am':l-' 4
dG’FChﬂ-o—' he o KV‘- i
dexe | F B
S, = lde

2deon®

o+n.an~m(ama Sy prez 2auniamg stadych :Fn—sww\'
(erae) <> (Ve ag)

cz = %’- 7‘((”%7{461-9 (VQ Q_‘._ (4-!-(,0)7-6) : b qu Q‘_ co')e) +

— A€ /)((H?)(quc (velu\z')(ﬁ cmie) * Z%Ve(v;+a$)co9)}

Jan Krolikowski
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- o
PoL aRY A T ‘
! 2AOJ J —g‘ddmg = 6‘4' {—'A@ q

TS w
E}_: <p\£>= -[P-E & —<h_§>= Rozpady T e v

G,

— 2 Ly 2]

W,‘ ﬁ}( ) e )
3 2AWEDBAE

?° B ke (A4 v 0) + 2 Re e & 7 72
» = -

WM‘%’
A+ estb 4 2ok kg e | e
ro.d ‘éa s
~ _‘,{;t (

1r°
Dot

- - > S = @
Ti=> ey , VY H TV, 07, a,v, TV

ozl ZLad. l.a.qtolvd_ et u.a/ta.&aowaxnea kY //

Jest  skelowamy 22 Smmew T
Prylkladows: X; = Pe = P
o T —» (;—) v@l(* v‘l: "’RV:"! "//

4 dNe _ 4
Ny Jx L Sx +4x 4 8x +8xe)]

( * 0““-""& Fopqa.c.g,k Wooa,lm‘ao& )

Pt
= p, A _
= ’:i?cmmuy Pream Erean. ) \ P§" \ Ebca.uA. €
-
(P‘C

LN
Uy
)
i +
%
[y
}

W ukladze T

g T
o -z;"—;(:_}vt -dcnP@ AN

{ BR~U% (#+4D 3)/
Nn’ d 'C(— ) o

/RO2PAL 2 - Clkto')-/
0o T — e wve ’3£~2l°/,
L—> e
?.s. Tsax Phys. Rev D4 (1471) 2821

273 [137€) 771 [ferratnm)
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| Porarvzacn T o4 |

ht=+4 “;_? h,t=-1

/ =
a2 e
hg=0 eg—.b'lr zmka] Vlg=-4

i
‘(_,—‘0;4:—)'\)[9:-»0 2sika ]
g "\-g=—4 hg: 4}

wWkEAD =
SPOCZYN KOWY ©

e\
uktanp
Stoczun ko
B

e+

simo (1~ Beog)) +

ZeAtROIANE
5.2 Bﬁ T'l-CH

z
M|*cC ool (14 Pengy) + e
ez

—2—“—‘3- Psimbe sim & cmoc*cm4> <7

a= __’_2"":_. (%

4 &Ne _ 4+ T a e,
IM..EL-!- ng"‘

Ne a\oenef

W aetadze Specmanko wm  taowu
9 —-q - 2 5 & =E
b = Xe Wy oM — _zr__u'__

T (M) = A

DELPHL , Z.Puys. C55(1492)555

*
TC—= 8V

dN/dE.¢
8
T
e

%’% e

Fig. 7. Energy of the neutral particle produced in the decay
T —=p”v,, p—nx® for data (points with error bars) and Monte
Carlo simulation (solid line); the shaded area corresponds to the

! contribution of the energetic z® (the two photons are not resolved

into two neutrals but identified using the first three layers of the
HPC)

m, .+ (Gev/c)

Fig. 9. Invariant mass of the p candidates for data (points with
error bars) and Monte Carlo simulation (solid line) after the cut
on x° mass. The shaded arca corresponds to the background

daN/dm,,

0 ol 02 03 [ [X] 06
m,, (Gev/c)
Fig. 8. Invariant mass of the n° candidates (with the two resulting
photons identified as two separate neutral particles in the HPC)
for data (points with error bars) and Monte Carlo simulation (solid
line)

BR(T =€ v)(22.4£08219)¢ ;[2. = -0.24+0.03 £003

g

dN/dcosy,
g

1
-l 08 06 04 02 0 02 04 06 o8 1
cos 9,

g

dN/dcos,
g
T

con oL

-

0 ! 1 1 1 ! ! Il ! L
A4 08 06 04 02 0 01 o4 06 08 I

cos v,
Fig. 10. Raw distributions of cos @, and cos 6, in T~ —p v, events.
The data are the points with error bars. The Monte Carlo prediction
for P,= —0.16 is superimposed

Jan Krolikowski

Fizyka Czastek Elementarnych II

39



r. akad. 2008/2009

V.2 SIN2®, Z
ODDZIALYWAN NEUTRIN
(TEVATRON)

Jan Krolikowski Fizyka Czgstek Elementarnych II 40
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LEP/SLC Rozne metody wyznaczania sinz ‘9W
EWWé& ’33‘ LEP/SLC

Preliminary
A0/ ——- 0.23117 + 0.00054
Ag,0b —a—  0.23225 £ 0.00038
Ag,0-C . 0.2322 + 0.0010
<Qq> v 0.2321 £ 0.0010
Average(LEP) =0~ 0.23189 £ 0.00024
xld.of:3.3/5
A, (SLD) e 0.23109 £ 0.00029
Average(LEP+SLD) -¢- 0.23157 + 0.00018
x/d.of:78/6
10 33 /
=
O]
2
I .
e 102 1/0(5)= 128.878 + 0.090
] : m=173.8 + 5.0 GeV
I ’ 1 S I 4
0.230 0.232 it 0.234
. 2.1ep
SiN“0 ¢

Jan Krolikowski Fizyka Czgstek Elementarnych II 41
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e Pomiar NUTEV ,,ciagnie” kat Weiberga do
dolu.

* Jest to pomiar przy nizszych energiach i
obarczony innymi bledami
systematycznymi.

Jan Krolikowski Fizyka Czgstek Elementarnych II 42
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1.Zestawienie wynikéw sinZ0,, z eksperymentdw

neutrinowych

L ae i My~ ,
sin?@pp—sbell = 1 — Iw” _ 02277 + 0.0036
4‘12-
> My = 80.14 4 0.19G eV
. R
‘3: 0.26 World Average sin®®,
B g5 0.2277+0.0024(exp)+0.0027(th)
e « »°/DOF= 4.79 /4

0.23 } % s
- ¥

0.21

.
0.22 4
corrected for m,=—1.38+0.14CeV
shaded band shows =8m,
1 1 1 1
FMMF EG16 CDHS CHARM CCFR

v Experiment

NuTeV: sin? gen-shell =0,2277+0.0013+0.0009

Jan Krolikowda

Seminarium FWE
O NE 270N
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Wynik N1uTeV (PRL 88,091802,2002)

sin® @°"°"'\y, =0.2277 + 0.0013 + 0.0009

(mt2 — (175 GeV)Q\
-0.00022 5 +
{ (5() GeV) J

(" m. )

+0.00023 x In H
150 GeV

LEP EWWG:
sin?0,,=0.222710.0004

Jan Krolikowdd

Seminarium FWE
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Measurement Pul (O™ QMg
S3-2-10123
¥

:..! )05

A(P) 0.1465 + 00033 - 45

Ry 021646 +0.00065 1.08

R, 01719£00031 - 12

AR 0099000017 278

Ay 0.0685+00034 -167

Ay 092220020  -64

A, 06700026 07

m [GeV] 174351

L M Tal Y O977 40 NN1A
IN B (NUTeV) U227/ U UUTE
W !

- 14

-3-2-10123

(Courtesy M. Grunewald, LEPEWWG)

Without NuTeV: y?/dof = 21.5/14, probability of 9.0%
With NuTeV: x*/dof = 30.5/15, probability of 1.0%

Upper migigys limit weakens slightly

Precyzyjne
testy MS +

wyniki NuTeV

Jan Krolikowdh

Seminarium FWE
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Precyzyjny pomiar s?,, poprzezgNC,

1% CC
O v

R_=g2?2+

v

gdzie

Jan Krolikowdda

Seminarium FWE
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Produkcja czastek powabnych tylko w prébce CC

Jan Krolikowski

Seminarium FWE
O NE 270N
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Doktadniej...

Mierzymy stosunek przekrojow czynnych na NC do przekrojow na CC
dla neutrin i antyneutrin. Przekroje czynne zaleza od scalkowanych
po

{x, Q?} funkgcji struktury. Dokladna analiza wymaga wiec symulacji
rozkladow wielkosci mierzalnych uzywajac f.s. W NuTeV uzywano
f.s zmierzonych przez CCFR, poprawianych (i dostrajanych) na (do)
wiele(u) efektow m.i.:

e poprawki na nieizoskalarnos¢ zelaznej tarczy,

e stosunek d/u

o efekty wyzszych twistow,

e morze kwarkow dziwnych,

* tlumienie produkcji cz. powabnych w CC,

e ewolugje f.s dla malych Q? (nie mierzonych przez CCFR).

Te poprawki i dostrojenia sq niezbedne i kluczowe.

Jan Krolikowd&

Seminarium FWE
O NE 270N
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Co sie mierzy w eksprymentach neutrinowych?

W wiazkach neutrin i neutrin mierzymy:

# krotkich przypadkOw  # kandydatow NC
R = =
P 4 dhugich przypadkow # kandydatow CC

NuTeV zmierzyt

dla neutrin (1.6 x 10° przypadkow): 0.3916 + 0.0007
dla antyneutrin (0.36 x 10° przypadkow): 0.4050 + 0.0016

sin? 0y, otrzymujemy z w/w poprzez szczegotowy rachunki MC
(widmo padajacych neutrin, przekroje czynne i f.s., detektor).

Jan Krolikowd&

Seminarium FWE
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Krotkie i diugie przypadki

# Event Length

Illullllllz ll Il slluﬁl

“ll . - —
1 T YW 0 AT T
Il
H 118

CC: Neutrina albo

I 4 W;{ antynetina
11 !!H!!i!!! H S e

Nie rozrézniamy NC
_nheutrin mionowych |
(NC+CC) elektronowych.
, Nie rozrézniamy neutrin
od antyneutrin.

Jan Krolikowda

Seminarium FWE
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Model oddziatywan CC i NC w detektorze stuzy do

wyznacznenia RYi R*®" z mierzonych RY,,, i R,

A | o1l L enpth

Jan Krolikowski

Seminarium FWE
O NE 270N
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WIAZKA NEUTRIN W FNAL

— 800 GeV protons

C&Mlng

SSQT sign Selected Quadrupole Train

I — Wrong-Sign n,K

DUMPED

* Protons, K,
DUMPED

- nght—S|gn K

ACCEPTED

Jan Krolikowsid

Seminarium FWE
o NE 2°0N2
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WIAZKA NEUTRIN W FNAL contd.

Sklad wiazki neutrinowej w funkcji dlugosci
przypadku

105 F
Neutrino Mode

10 20 30 40 50 B8O 70
Event Langth {counters)

Jan Krolikowda
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Detektor NuTeV

Drift Chamber
Drift Chamb
Dlugos¢ 18 m
« 3x3m?
Masa tarczy 690 t

B

2" Steel  Scintillator

Jan Krolikow &4

Seminarium FWE
O NE 270N
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ANALIZA cd.

Selekcja przypadkow

Example of Semtillation Counter Response

Counter
o, ||

(MIPs) ‘
|

o« Lorgitudinal Veste TheadioH

]

Longitudinal Vertex Exi

Fiducial Reg;on

ExE Thrastnld

Jan Krolikowda

Seminarium FWE
O NE 270N



r. akad. 2008/2009

ANALIZA

Krotkie ! diugie

| +2

: Thod
800 1 | Neutrino Mode ’ E-*" - """+-oiﬁ—|
I . E:**ka% 12
. et T 1
Diugie NC - l [
30000 bl - T00<Ehod<180 s
| 1 Bttt Lt
: I L W
—__ Total Monte Carlo
10000 P gz CC Monte Corlo
i W - —
14008 0 20 30 40 50 70 80
- 1.4 ,
w4 I neutrino Mode E ' Ehad<55 CeV
| I 1.05 = +++++‘_'_+_'+ b
|4 O 1m -
Krotkie CC : 07 H%mgqi@t% 1.4
i | 14
| Ny T
L | ol i
cut s R SR, .. B anants Carto
o A ‘.l A AL l A A-l- --J A l dnd. S T Bndndadl [ llllllll 4 l
10 20 30 40 50 60 70 80
length (counters)
Jan Krolikowda
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ANALIZA cd.

Zmienne, ktorych uzywano w analizie:

* energia hadronowa,

e polozenie wierzchotka oddzialywania wzdluz kalorymetru,
* polozenie wierzcholka oddzialywania w pl. poprzecznej,

e koniec przypadkuy,

e dlugos¢ przypadku.

Stabilnos¢ wyniku analizowano ze wzgledu na w/w zmienne.

Niewielkie niestabilnosci postuzyly do wyznaczenia
poprawek i bledow systematycznych wyniku.

Jan Krolikowskd
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Poprawki
obliczone

metodami
MC:

ANALIZA cd.

(=1
Effects in Monte Carlo that relate ¥ to R.Y

(=]

eXp
Effect dRY ., OH .
Short CC Background —0.068 —0.026
Electron Neutrinos -0.021 —0.024
Long NC +0.0028 | +0.0029
Counter Noise +0.0044 | +0.0016
Counter Efficiency —0.0008 | —0.0008
Longitudinal Vertex Offset | —0.0015 | —0.0010
Heavy m. —0.0010 | —0.0024
Ry =0.0026 | —0.0092
EM Radiative Correction | +0.0074 | -+0.0109
Weak Radiative Correction | —0.0005 | +0.0058
High Q> “Longexit” -+0.00021 | —0.00035
d/u —0.00023 | —0.00023
Higher Twist —0.00012 [ —0.00013
Intrinsic Charm Sea —0.00005 | 4-0.00004

Recall: RY_. and RY

exXp

wp Measured to a precision of

0.0012 and 0.0026, respectively

Jan Krolikowd8
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ANALIZA cd.

STATYSTYKA
Short (NC) Events Long (CC) Events

4
4

45TK
101K

1167K
250K

Ry = Short Events/Long Events

V

v

0,3916 -

= 0,0007(stat)

(),4000 -

- 0,0010(stat)

Jan Krolikows&
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ANALIZA cd.
Wynik

z dokladnoscia sin? ™"l =0 2277 + 0.0013 + 0.0009
do 0.70/0

(syst. 0.4%) (mt2 - (1 75 GeV)Q\

-0.00022 2 +
(50 GeV)

([ m )
+0.00023xlnL i J

150 GeV
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Niepewnosci
systematycz
ne

0.1%=0.00022

ANALIZA cd.
SOURCE OF UNCERTAIN

Osin“ Oy

g

Ofee,

Data Statistics
Monte Carlo Statistics

0.00135
0.00010

0.00069
0.00006

0.00159
0.00010

TOTAL STATISTICS

0.00135

0.00069

0.00159

Ve, U, Flux

Energy Measurement

Shower Length Model
Counter Efficiency, Noise, Size
Interaction Vertex

0.00039
0.00018
0.00027
0.00023
0.00030

0.00025
0.00015
0.00021
0.00014
0.00022

0.00044
0.00024
0.00020
0.00006
0.00017

TOTAL EXPERIMENTAL

0.00063

0.00044

0.00057

Charm Production, s(x)
Charm Sea

o’ [o¥

Radiative Corrections
Non-Isoscalar Target
Higher Twist

Ry

0.00047
0.00010
0.00022
0.00011
0.00005
0.00014
0.00032

0.00089
0.00005
0.00007
0.00005
0.00004
0.00012
0.00045

0.00134
0.00004
0.00026
0.00006
0.00004
0.00013
0.00101

TOTAL MODEL

TOTAL UNCERTAINTY

0.00064

0.00101

2 10.00130

0.00212
0.00272

Jan Krolikow i
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Wynik NuTeV a inne pomiary

(omeas_olt)/cmeas

-3-2-.1? 123

Measurement Pull

AL 00
AfF 0.1465 £ 0.0033 -.45
Ry 021646 + 000065 1.08
R, 01719 £ 00031 -12
Agd 0.0990+00017 -278
Agt 0.0685+00034 -167 q
Ay 0.922 +0.020 - 64
A, 067040026 07
Sin“Bey (Qp) 02324 +0.0012 E
m, [GeV] 174351 -.14
Tev) | 277 0 16 2 98 L

3210123
(Courtesy M. Grunewald, LEPEWWG)
Without NuTeV: \?/dof = 21.5/14, probability of 9.0%
With NuTeV: x?/dof = 30.5/15, probability of 1.0%
Upper miigs limit weakens slightly
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Wynik NuTeV a inne pomiary

687%,90%,95%,99% C.L. Contours, Grid of SM + 10 mtop, My,

C.41

s 0.405

vao

Large my,

/

Large mig,

0.4

[ i . 4 | . |
0.388 0.39 0.392 0.394 0.398
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Wynik NuTeV a inne pomiary

687%.,907%,95%.,997% C.L. Contours

1.01 |
o N
Q
0.89 |-
F ’ 1 " ] . ] " ]
0.215 0.22 0.2225( )0.23 0.235
gin"g .

Jan Krolikow 84
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Wynik NuTeV a inne pomiary

i
:
i
80.433 +/- 0.079 l—%-.—l CDF
80.483 +/- 0.084 !—Q—l DO
80.471 +/- 0.049 gl—Q—! ALEPH*
W 80.401 +/- 0.066 D—#—-l DELPHI*
80.398 +/- 0.069 —— L3*
80.490 +/- 0.065 —e— OPAL*
80.451 +/- 0.033 HH Direct World Average
80.376 +/- 0.023 ] Indirect World Average
{ (LEPI/SLD/APV/m‘)
(LEPEWWG)
80,136 +/- 0,084
[ S| NuTeV
* : Preliminary
P Y 7% R ¥ R—T
Mw (GeV)
Jan Krolikowda
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Poréwnanie pomiardw p

X2/ dof = 1.7/3

1.00 +/- 0.05 . o CHARMII et al.
1.00 +/- 0.02 j——— Direst
0.995 +/- 0.003 H—* LEP I Lineshape
0.988 +/- 0.004 —o—4 NuTeV
IR AR e P . J
.96 (.98 1.00 1.02

Neutrino NC Rate/Prediction

Jan Krolikowda
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ANALIZA cd.

Poprawki wprowadzone do danych na podstawie
pomocniczych pomiarow:

Corrections Applied to Data
Effect ORL: | 0
Cosmic Ray Background | —0.0036 | —0.019
Beam ;¢ Background | -0.0008 [ 4-0.0012
Vertex Efficiency +0.0008 | +0.0010

Jan Krolikowdski
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V.3 TEVATRON I LHC

Fizyka elektrostaba (bez fizyki ciezkich
zapachow)

Jan Krolikowski Fizyka Czastek Elementarnych II 68
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hiciid EClL] Bosgﬂns? Hidden Valleys? ZZ/WW resonances? .
57 - = Technicolor?
] o = ptu ons
g JL=0.1fbt 7 FE= e i - 5 . .
L% o 3 %17.? B aqZZ (SM) : J‘\HH{Q{H% Uy = 300 Gov/
* Yo ; oo I iﬁjﬁﬁﬁfmfn
; ] B M T
; N IS Hﬂ e

R A T ATk e
400 600 800 000 1200 1400 1600

W mass (GeV) Mu (GeV)

Little Higgs? Split Susy?
a_ PYTHIA R-hadron event from ATLSIM

ask ATLAS H :Ww — = ————

300 b IV _ :E
L INIEEACHon SOLRENAMIOngiving pff
; Lions 1 I g 1

=1 ||

|

Extra Dimensions?

Events/40 GaV/300 b '

S EE
\‘@\HXZ

500 1600 20n0

Il blv mass (GeV) ——

3-brane
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