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Today’s data on proton structure
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HERA ep collider (1992-2007) @ DESY

H1 and ZEUS experiments at HERA collected ~1/fb of data
Ep=460/575/820/920 GeV and Ee=27.5 GeV
“ 4 types of processes accessed at HERA: Neutral Current and Charged Current e+p, e-p
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HERA ep collider (1992-2007) @ DESY

»  HI1 and ZEUS experiments at HERA collected ~1/fb of data
*  Ep=460/575/820/920 GeV and Ee=27.5 GeV

“ 4 types of processes accessed at HERA: Neutral Current and Charged Current e+p, e-p

L DIS data
- 1 .
NC:ep—eX CC:ep—-v X > .
(M 107k -
e' v = HERA
€ € ; O | mm Fixed Target Experiments
: 104
Y/Z E W 3 »
P p 10 E & o
}X }X i bo@(a’@‘
102 c':'\)oo“
& D
i 3\
ar 2 2
dO'NC — 2na L [Y_,_F = Y_xI:’ —y"F :I 10 -
dde2 X Q2 2 3 L :
) Y, =1+(1-yy
dO'i G2 M2 .. -, .
ddeQCz - 471;x |:M2 _:_VQ2:| [Y+ W2‘$Y_xW3‘—y2WL‘] 1 3
! ;
-1l
I = ~ ; 10
F'z o Z(xqi + xal) xF‘3 < z(xqi - xq;) FL < xg(st ) £ = sssanl = ssssnl = aaianl = sasand . - Ea—
l 10° 10° 10" 107 107 10 1
X

dominant contribution significant high y
(all Q2 plane) contributions at high Q2 4 ooy ImIEPS 5015



HERA ep collider (1992-2007) @ DESY

Data Set xp; Grid 0%[GeVAIGrid | £ | e'fe | s o 41 data sets: 2927 data points are
from to from to | pb’! GeV :
HERATIE, = 820GeV and E, = 920 GeV data sets combined to 307 averaged
HI SV"-Z‘;’ 2] 95-00 [ 0.000005  0.02 02 2 21 [ ep [ 301,319 measurements with 169 sources of
H1 low 02 [2] 96-00 | 0.0002 0.1 12 150 | 22 | e'p | 301,319 : it
H1 NC 0497 | 00032 065 150 30000 | 356 | e'» | 301 correlated systematic uncertainties.
H1 CC 94-97 | 0.013 0.40 300 15000 | 356 | e'p 301
H1NC 98-99 | 0.0032 0.65 150 30000 | 164 | ep 319
H1CC 98-99 | 0.013 0.40 300 15000 | 164 | e p 319
H1NC HY 98-99 | 0.0013 0.01 100 800 | 164 | ep 319 HERAPDF1 .0
HI1 NC 99-00 | 0.0013 0.65 100 30000 | 652 | e'p 319
H1 CC 99-00 | 0.013 0.40 300 15000 | 652 | e'p 319 JHEPO1 (2010) 109
ZEUS BPC 95 [ 0.000002  0.00006 | 0.11  0.65 | 1.65 | e'p 300
ZEUS BPT 97 | 0.0000006 0.001 0045 065 | 39 | e'p 300
ZEUS SVX 95 | 0.000012  0.0019 0.6 17| 02 | e'p 300
ZEUS NC [2]highflow 0> 9697 | 0.00006  0.65 27 30000 | 300 | e'p 300
ZEUS CC 94-97 | 0.015 0.42 280 17000 | 47.7 | e'p 300
ZEUS NC 98-99 | 0.005 0.65 200 30000 | 159 | ep 318
ZEUS CC 98-99 | 0.015 0.42 280 30000 | 164 | e p 318
ZEUS NC 99-00 | 0.005 0.65 200 30000 | 632 | e'p 318
ZEUS CC 99-00 | 0.008 0.42 280 17000 | 609 | e'p 318
HERAII E, = 920 GeV data sets
HINC 137 03-07 [ 0.0008 0.65 60 30000 | 182 [ e'p 319
H1CC ' 03-07 | 0.008 0.40 300 15000 | 182 | e'p 319
H1NC 157 03-07 | 0.0008 0.65 60 50000 | 151.7 | ep 319 HERAPDF1 5
H1 CC 57 03-07 | 0.008 0.40 300 30000 | 151.7 | e p 319 ;
H1 NC med Q* *¥° 03-07 | 0.0000986  0.005 8.5 9 | 976 | e'p 319 ( )
H1 NC low Q? "3 03-07 | 0.000029  0.00032 2.5 12| 59 | e'p 319 Prdlm
ZEUS NC 06-07 | 0.005 0.65 200 30000 | 1355 | e'p 318
ZEUS CC '5¢ 06-07 | 0.0078 0.42 280 30000 | 132 | e'p 318
ZEUSNC '3 05-06 | 0.005 0.65 200 30000 | 169.9 | e p 318
ZEUS CC '3 04-06 | 0.015 0.65 280 30000 | 175 | ep 318
ZEUS NC nominal *¥ 06-07 | 0.000092  0.008343 7 110 | 45 | e'p 318
ZEUS NC satellite ** 06-07 | 0.000071  0.008343 5 110 | 445 | e'p 318
HERA II E, = 575 GeV data sets
H1 NC high 0? 07 [ 000065  0.65 35 800 | 54 | ep 252
H1 NC low 02 07 | 0.0000279 0.0148 1.5 9 [ 59 | e'p 252
ZEUS NC nominal 07 | 0000147  0.013349 7 110 | 71 | e'p 251
ZEUS NC satellite 07 | 0.000125  0.013349 5 110 | 71 | e'p 251 HERAPDEF2. 0
HERAII E, = 460 GeV data sets
HI NC high 0? 07 | 000081  0.65 35 800 | 11.8 | e'p 225 £
H1 NC low 0 07 | 0.0000348  0.0148 L5 9 | 122 | e'p 225 larxiv:1506.06042]
ZEUS NC nominal 07 | 0.000184  0.016686 7 110 | 139 | ep 225 ,
ZEUS NC satellite 07 | 0.000143  0.016686 5 110 | 139 | e'p 225 Voica Radescu I@@IEPS 2015




Combination of the H1 and ZEUS Measurements

cea O Tukor FINAL HERA I+l inclusive data combination [arxiv:1506.06042]

Ultimate precision is obtained by combining . H1 and ZEUS
the H1 and ZEUS measurements +% | e HERA NC ¢*p 0.5 fb"
The combination procedure is performed 2o V=318 GeV
: : g - Znal 92 O ZEUS HERA II
before QCD analysis using x2 minimisation | o | 0 )ﬁ Heasen
v2 [ dof =1687 /1620 ; %% o H1HERA II

A H1 HERA I

i

> Improvement on Statistical precision: 1 *% ﬁ J j# ﬁwﬁ Xy; = 0.008
i '

= Improvement of Systematic precision: & f jé' Ll
» H1 and ZEUS are different detectors £ /.“&w L ﬁ%@ﬁ
and use different analysis techniques; B L. s t%% T
» The H1 and ZEUS cross sections have = A T Mﬁﬁ“’@%% i.g 4 = 008
different sensitivities to similar sources : e }
of correlated systematic uncertainty. 02 | Jdsicaa.. £ i’ i, ;
_ xg; = 0.25
—> total uncertainty < 1.3% for Q2 up to 400 GeV? = - - =
1 10 10 10 10 2/G 1‘072
Q7/Ge
0.045 < Q% < 50000 GeV? 6. 107 < xg; < 0.65 , _ Qo Oy LY . 4
: TINC = TpdQ? 2ma2y. 2T R TR

Combination of data is now actively used at LHC for ex W, Z for muon and electron channels
Voica Radescu |-m‘|EPS 2015



Extraction of PDFs thr()ugh QCD fits

[see V.R. HERAFitter talk]
+ Extraction of PDFs relies on the factorisation: = 6 ® PDF

K/

* Typical measurements sensitive to PDFs are precise, with statistical uncertainties < 10%,
so they follow normal distribution —> use of ¥2 minimisation for PDF extraction.

/1 Initialisation |\

h4 1 . Input Data Theory Predictions
dll Steps : Data Type Factorisation Theorem
- Parametrise PDFs at a starting scale * Collider ep * PDF Parametrisation
* Collider pp, ppbar * QCD Evolution (QCDNUM)

- Evolve PDFs to the scale * Fixed Target data Xz * Cross Section Calculation

ding to data point |/

S e Minimisation (MINUIT)

_ Calculate the cross section Treatment of the uncertainties:

* Nuisance parameters
* Covariance Matrix

- Compare with data via %2
* Monte Carlo method

- Minimise %2 with respect to PDF :
: Results i
parameters which takes about ~2000 + PDF LHgrids $ foins T <y

ABMTY SN NNLO o HERAPDF1.5¢

iteratiOnSZ ° alphas’ mc, " i v:::::::o . " \ 7nenAP0F1.8/

0

|
| ~———
f
* Data vs Predictions | e . \/; =
: ‘ Z gl 3
 Chi2, pulls, shifts '.  ereeert IV [ S TP

herafitter.org: open source QCD platform arxive:1503.05221

Voica Radescu | (I) [ERS20i5



http://herafitter.org

(QCD Settings for HERAPDE2.0

The QCD settings are optimised for HERA measurements of proton structure functions:

PDFs are parametrised at the starting scale Q,?=1.9 GeV?as follows:

xg(x) = Ang 9(1 — x)% — A;XB ;’(1 - x)C;, NC structure functions

. = Au xB“” l -— Cup 1 -+ Eux2 9 4 = 1 B
xu,(x) 0 ( X) ( v ) F2=—($U+$U)+—($D+:BD)
xd,(x) = AgxPe(1-x)%, 9 9
xU(x) = ApgxPe(1 - x° (1 + Dgyx), Tl3 ~ TUy + Tdy
xD(x) = Apx"2(1 — x)°>. CC structure functions

- EaY _+_ . Tr
fixed or constrained by sum-rules Wy =2(U + D), Wy =2(U+ D)

S EaY + . T
parameters set equal but free Wy =z(U - D), Wy = (D —U)

Due to increased precision of data, more flexibility in functional form is allowed —> 14 free parameters

» PDFs are evolved via evolution equations (DGLAP) to NLO and NNLO (as(Mz)=0.118)
* Thorne-Roberts GM-VENS for heavy quark coefficient functions — as used in MMHT

X2 definition used in the minimisation [MINUIT] accounts for correlated uncertainties:

m - th prediction

5,'25 imi + (51 uncor’ni)2
— . +Zs§ +Zln saif il - data
. 52 pm+ 52 (m')? : - (6% + 6% Y(ui)? s - sys shift

i,stat i,uncor

8 Voica Radescu | (I) [ERS20i5



Modern understanding of PDFs

Different types of PDF uncertainties are considered:

X
. H1 and ZEUS
" T T T T T TT17T T T T T T T 1T ‘ T T T T T T 01T ‘

Hessian method used: MMHT, CT, ... g e
r f
ConSiStent data SetS 53 use AX2:1 08; —— HERAPDF2.0 NNLO ]
’ uncertainties:

Monte Carlo Method: replicas of data(NNPDF) | = .

[ parameterisation

o 06~ HERAPDF2.0AG NNLO i
“ Model:
variations of all assumed input parameters in the fit
04 _
Variation Standard Value | Lower Limit | Upper Limit
0> [GeV?] 3.5 2.5 5.0
Q> [GeV?] HiQ2 10.0 7.5 12.5 oal ]
M.(NLO) [GeV] 1.47 1.41 1.53 Tl XS (x0.05)
M, (NNLO) [GeV] 1.43 1.37 1.49 ,
M, [GeV] 4.5 4.25 4.75 ‘ o O
f; 0.4 0.3 0.5 10" 0 10 o
a, (M) 0.118 - - .
. X
e [V " — > [arxiv:1506.06042]

® _ only HERAPDF includes this as an additional uncertainty

NNPDFs use neural network approach based on data driven regularisation

0 Voica Radescu |m|EPS 2015



(QCD scaling and EW eflects

EW effects clearly seen at high Q2

H1 and ZEUS

S - HERA HERAPDF2.0 NNLO
2 [ Vs=318 GeV Vs = 318 GeV
© - m NC'pOSfH| == NCe'p
103 @ NCep04fb mmm NCep
; ——u A= XBj=0'02 (x575)
B —aaaauatep—p—8  X;=0032 (x400)
E B P = ° Xp; = 0.05 (x270)
10 27 —sw s ussat—a—0 o xg; = 0.08 (x170)
: i e
L ‘MI—-—n—n-t—t—c=I::::/\! Xp; =0.13 (x80)
- 3 —I-!—n—i—'—U-—I-H—.=r:_...*\/-\‘ Xp; =0.18 (x20)
: ; ‘r‘—.—‘—l“l—“ﬁ—-ﬁ=< Xp; =025 (x6)
£ Xp; =040 (x2)
1
10 = {
o xy; = 0.65
1070 ¢ >
L | el i ‘ | N S ) ‘ || 5555 o | ‘
10° 10> 10 10°
2 2
Q7/ GeV
2 P 4y .
o = Fone | 2 =F~2$£xﬁ3—y—FL
rNC dede2 27T(ZZY+ Y+ Y+

i
NCXZ

r,

O

10

106

103

103

10 2

10

QCD scaling violations nicely seen:

H1 and ZEUS

At low x :

Py e HERANCep04 i\
) ) B HERA NC e'p 0.5 fb!
ey =000s il Vs = 318 GeV
= & Xp. = 0. , 1= 2
=T e g =0.00013,i=19 ) Fixed Target
S e o = ‘:‘(’)"(‘)’0235217 === HERAPDF2.0 e p NNLO
e _,-—-/"';H.. "x,;=00005,i=16  =mmm HERAPDF2.0 ¢'p NNLO
R xp; = 0.0008, i=15
P .,Wﬂﬂ X, = 0.0013, i=14
RS L e Xgﬁ“ﬂzzgai;zlé = The x region
= 5t xg: = 0. ,i=
- .——M JxBj =0.005, i=11 rlelevant for the
e emmeeeee Xg; = 0008, i=10 Higgs production
E ) W Xg; = 0.013,i=9 |S at 10'2
E See = - aa-ai-f XBj=0.02,i=8
i ke e S .
= u e —a - ee-g—g—3 xBj=0.032,1=7
= St s awnusauaassaet—t  x,=005i=6
; :;%- - ueuunuuet-a—_t— 3 Xgj = 0.08, i=5
% 00 0 Boorrodn xBj = 0,13, i=4
- o xp; = 0.18, =3
; M =unl g 2 §
. I A T -—ﬁ\’\i xg; = 040, i=1
= i 1
= At high x : iz 0onid
g -~ )' \\\HH‘ | \\\HH‘ | \\\HH‘ | ]

k,) 3 4 5
1 S 10 10 10

Q% GeV?

Voica Radescu | (I) [ERS20i5



(Q* cut dependence on PDF's

+ HERA data provides a unique access to the low x, low Q? region to investigate:
« the validity of the DGLAP mechanism

H1 and ZEUS H1 and ZEUS
g. S N prrrEereee I I l': G; 1 rooT T T T T T I B 2
- 13 Vv RTOPTLO _ I Mﬁ =10 GeV
o - A RTOPT NLO ] ,
x s RTOPT NNLO : 08 L i}
1 = HERAPDF2.0 NLO

HERAPDF2.0HiQ2 NLO

1 | ]
A RTOPT NLOHERAI N
09 -
11111 TS Y P P HHH_Z ‘HH ‘ ‘
5 10 15 20 25 10 10 10 1

|arxiv:1506.06042]

low Q? data very important to constrain low x PDFs! |
2 e Voica Radescu |m|EPS 2015



()? cut dependence

+ HERA data provides a unique access to the low x, low Q? region to investigate:
« the validity of the DGLAP mechanism
« the various scheme dependence (fixed vs variable flavours)

v*/d.o.f.

1.15

1.1

1.05

[arxiv:1506.06042]

Hl and ZEUS

llllllllllllllllllllllllllll

1 ACOT NLO, F, O(c.)
A FONLL-BNLO,F, O(c) A RTOPT NLO,F, O(c?)
= FF3B NLO, F, O(ca) © FF3ANLO,F, O(c)

llllll llllll lllll

pa—

S 10 15 20

12

25
lenin/ Gevz

ACOT ->asused by CT
RT -> as used by MMHT

FONLL ->as used by NNPDF

FF3A  ->as used by ABM

Low Q2 remains

an interesting region

to investigate

(low x phenomenology)

Voica Radescu | (I) [ERS20i5



HERAPDFE2.0 vs other PDF sets

» HERAPDF sets are extracted solely from ep data and require no assumptions or corrections,
hence provide an important cross check of PDF universality (process independence):

H1 and ZEUS

EZ 1 12 =10 GeV’ = 06
i HERAPDF2.0 NNLO “ o

- —— MMHT2014 NNLO 05
08~ __ CcT10NNLO '

—— NNPDF3.0 NNLO

04 high x valence different:
: new high- x data and use of
proton target only

03

l Il lllll]ll L Ll LLlLL 0

0.-_ Ll l L Ll Lllll 1
102 10 1 10

10+ 107

[
[
[

gluon

g
B .
1 LI

At NNLO gluon and sea quarks are
both compatible with other PDFs

I
|

Pt

[y
[
L] L T

xg / xg(HERAPDF2.0)
xS / xS(HERAPDF2.0)
(=)

(=]
-}
[y

08

=
= (%)
L L L

| Ll Ll

PETTY MEETEETIT A 0. [ i MR TTT] B ";:
100 107 1 10° 108 100 100 1 [arxiv:1506.06042]

10+ 10°
Voica Radescu |m|EPS 2015



Summary

N% o8 :“'m“ md'as A P[.)Fs.arg very important as they
= T Aslen and O Saatdlty Biates - still limit our knowledge of
07 B0 Gentsalited. Sata 1 ]cgrgiz sections whether SM or
23 CDF/D0 Central Jets ; 4
106} ==
Ut ss8 + HERA has finalised its
10° separate measurements
— relevant to PDFs and has
104} o combined them into final
3 . p measurements to reach its
0 : ultimate precision:
102 P N | + PDFs, mc, mb, alphas
10 ~ : other related HERA talks at EPS:
||IIWMW - =@ Tirtkot
1 al """”l ) - K. Wichmann
; ———— e
lO ) M1l
+ 3 g el ETEEETIT FETEETTIT s 3 gl TR ETIT | FEEETTIT ETEEETT
0w’ 10° 10”7 1wt 10?10?10 l

14 Voica Radescu |%|EPS 2015



back-up shides

not necessarily useful ...



Longitudinal Structure Function
Longitudinal structure function FL is a pure QCD effect: =Z—;x2ﬂ§[@8

—> an independent way to probe sensitivity to gluon quarks gluons

radiating a gluon  splitting into quarks

Direct measurement of FL at HERA required differential cross sections at same x and Q2
but different y —> different beam energies: Ep= 460, 575, 920 GeV

F2 HER 2
ER ~ 2 2 Yy 2
LER O O'NC(maQ 9y)O(F2($aQ )_1 1 QFL(:E’Q )
F-F|I-——————= + ( o y)
27
0 Y 1 2 3m 2
rq(x, ~ 1.77 — Fi (ax,
H1 and ZEUS 9(@, Q") 205(Q?) (az, Q")
E L - __ H1 Collaboration
L @ H1 Xg r
20—
B A ZEUS i -
02 4 I
I 10— N I
L 3 | T
B HERAPDF15NNLO | ABM12 NNLO —/ s ®
L 1 1 - CT10 NNLO - NNPDF2.3 NNLO Of— g
02— D AT ~ L xg, HERAPDF1.5 NLO
- MSTWO0S NNLO JR0O9 NNLO I - - g from ., HERAPDFLS NLO
11 I 1 1 1 1 L1 1 ll 1 1 1 1 11 11 1 1 | I N N | | | 1 1 L1 11 I| | | 1 L1 111
1 10 10? 10° 1 10 100 1000
) 9] 2 2
Q™ [GeVT] Q° [GeV~]

Eur. Phys. J. C 74 (2014) 2814 [arXiv:1312.4821]

DESY-14-053, submitted to Phys. Lett. B [arXiv:1404.6376]

16 Voica Radescu |m|EPS 2015



F2 charm Structure Function

EPJC 73 (2013) 2311

Rates at HERA in DIS regime o(b) : a(c) = O(1%) : O(20%) of otor
Charm data combination is performed at charm cross sections level:
they are obtained from xsec in visible phase space and extrapolated to full space

2
Ores(x,@%5) = F5'(x,0%) = 2= F/(x,0")

+

QCD Fits

HERA |+charm

Different calculation
schemes prefer
different Mc

x* (M)

H1 and ZEUS
Bbg | Q?=2.5 GeV? Q%= 5 GeV? Q%= 7 GeV?
0.2 —
0 vl gl AT IR TTTT BT R ETTI
05 - Q’=12 GeV? Q’=18 GeV?
- ¢ - ®
0 g B Q*=60 GeV? Q°=120 GeV* | Q*=200 GeV®
0 _J_Lu,ml L 11111|J L _j_uuul L1 uuul L ||||"|| 1 |“"”| I\I ”“"|
05 - Q’=350 GeV* | Q=650 GeV* | Q2000 GeV?
t i * HERA
i i — HERAPDF1.5
0 -4 -3 -2 -4 -3 -2 -4 -3 -2
107 10° 10 10" 10 10 10° 10 10
X

T ] T T L} I T T
[~  Charm + HERA-I inclusive
B - RT standard
| e RT optimised

L === ACOT-full
= $-ACOT-

opt
* M.

ZM-VFNS

H1 and ZEUS
T I 1 T J -

Vs=7Tev -

(a) -

18

M, [GeV]

17

750

700

T T T

H1 and ZEUS
T ] T T T ] T T T
Charm + HERA-I inclusive

RT standard
RT optimised

----- ACOT-ull
= S-ACOT- A
ZM-VFNS S

t
* NP

measurements help
reduce uncertainties
of predictions for the

LHC

Voica Radescu |-m‘|EPS 2015



New Measurement of Charm Mass Running

H1-prelim-14-071 ZEUS-prel-14-006 and S. Moch

The running of the charm mass in the MS scheme is measured for the first

time from the same HERA combined charm data:
o Extract me(me) in 6 separate kinematic regions

- Translate back to me(p) [with p=y/Q2+4m¢2] using OpenQCDrad [S.Alekhin’s code].

H1 and ZEUS H1 and ZEUS preliminary
Qz=2.5 GeVz - | <w§ -‘ m((mc)scanfor02=!2.5-7.5Gell’
H1 and ZEUS preliminary
< 16 T '
b] L i
= i T T TP, g ; 4“_ . HERA (prel.) ]
Q2=12 GeV? Q?=18 GeV? = 1 *  PDG with evolved uncertainty .
=2k -
1_— * ]
Q*=120 GeV 0.8 ; | + + + _
: . 5
0.6 ¢
X 0.4" : T,
Q%2000 GeV? ! 10 u [GeV]
e HERA
[0 ABMOSNNLOMS
T ABMOSNLO WS The scale dependence of the mass
Is consistent with QCD expectations

107 10° 10
X

18 Voica Radescu |m|EPS 2015



Running beauty mass from F2b

*  The value of the running beauty mass is obtained using HERAFitter (via OPENQCDRAD):
+ chi2 scan method from QCD fits in FFN scheme to the combined HERA I inclusive data +
beauty measurements, beauty-quark mass is defined in the MS scheme.

ZEUS [arxiv:1405.6915] o

9 0.02 —————— _
— L L 1 | 598
© - Q’=6.5Gev’ { Q*=12Gev? 1} Q?=25GeV? | -
0.015 T T . ] | tS 596
[ [ I ‘ 504
0.01F + T 1 HERA |+beaUty
: [ I ] = 592
0.005F 3 % " ] e S
L 3 590
0 - : - : : e : : j 588
[ Q*=30GeV’ | Q*=80GeV’ | Q* =160 GeV* | 586
0.04 I T ] 35 36 37 38 39 4 41 42 43 44 45
I m, (m,) (GeV)
0.02f T \§\ T ‘ -
| ] Yoo : 2m_ ZEUS
o": ": { + l-4 I3 |2 |-4 |3 12 ;! 5_ T T T T IIII T I ]
g : : y > ]
: =600 Gov? |10 100 107 0t 0t 07 i ? :
0.03- ] —~ 45— PDG —
I -1 =. ~ s
«  ZEUS 354 pb = F . LEP -
0.02 I ) ——— QCD fit, m =4.07 GeV (best fit) E F ZEUS -
A A VRS A — QCD fit, m =3.93 GeV ' n .
0.01F : o My=78 e - + ]
[ -...-.. QCD fit, m =4.21 GeV 3.5 H#o
0 b aaaual - n PDG with evolved uncertainty ]
10*  10° 107 s A zEUS B
X - [ ] DELPHI 3-jets -
N *  DELPHI 4-jets NLO ]
- A ALEPH D ]
2'5— O OPAL -1
B O sLD 2
= el 5 C PR SRR S | S
The extracted MS beauty-quark mass is in agreement with PDG 2 10 ,

]
oz,
=

average and LEP results.
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DIS Cross Sections

Differential cross section is experimentally measured: theory meets the experiment

Factorisable nature of interaction: Inclusive scattering cross section is a product of
leptonic and hadronic tensors times propagator characteristic of the exchanged particle:

d?o 2o G M2 0? . |
— T BV BY y 1. o I _ a2
dzdQ? ~ Q4z Z"?ng W =1 = nNz= (2\/—7'a> (Q'~’+M§)’ Nz = -2
J
For NC: j=Y, Z, YZ oy = ((,1 J\Iﬁ Q? | )2‘
For CC: j=W+, W- 2 ira Q2 + -Mf)v :

Leptonic tensor: related to the coupling of the lepton with the exchanged boson
* contains the electromagnetic or the weak couplings
* can be calculated exactly in the standard electroweak U(1) x SU(2) theory.

Hadronic tensor: related to the interaction of the exchanged boson with proton

* can't be calculated, but only be reduced to a sum of structure functions: =Mi=pton
a,@'yé ” 3 o, 3 IS e oo, 3 ISP \\

af _ Q p~p~” P45 a g b g +p~"g P 9 —pbq
WeB = —gofW, 4 EBZ, — 2Py Ww{ W, Badtea w4 (e acp d )y,

d2 . 2,27012 .
7= a{a-y-T0 Ry

2 :
Yy i A': process dependent
— )z F.
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