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Deep Inelastic Scattering at HERA
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Combined H1/ZEUS inclusive DIS cross

sections — final word from HERA —

HERA legacy D
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Vs=318(300,225,252)GeV
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Experimental luminosity (H1 & ZEUS):

~ 0.5fb" data from each experiment y
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Q* (GeV?)

@ HERA low QZ — low X
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HERAPDF2.0 @ low Q?and low x

* HERA low @2, low x data are not described very well by predictions @
NLO and NNLO
— especially data turn-over
— all PDF-fitting groups see similaf behavior
O = 2 2 I 2 2 T / 2 2 I % 2
Z Q*=2GeV Q’=27GeV? | K Q'=35GeV Q’=4.5GeV
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Higher-twist corrections

AP R Nl

Phys. Rev. D 94, 034032 (2016)

ed
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higher twist terms acting at low-x considered

their origin COULD be connected with the recombination of gluon ladders
Bartels, Golec-Biernat, Peters suggested that such higher twist terms would

cancel between o, and 0. in F,, but remain strong in F,

simplest possible modification to structure functions F, and F, as calculated

from HERAPDF2.0 formalism tried

FIZ—IT _ F?GLAP ( n AI2—IT / Qz) — has almost no effect,

A consistent with O

FHIT = FDGLAP (1 1AM/ Q%) — helps alot, A ~ 4-5
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Let's be bold and fit from Q2= 2 GeV?

+
Gr NC

[y
e

=
=

F Q% =2 GeV?

Q% =2.7 GeV*

Q? =35 GeV? F Q? = 4.5 GeV?

e HERA NCe'p05fh™’
Vs = 318 GeV

== HHT NNLO, Q... =2.0 GeV’

Look at the excellent description at low Q2
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Being even bolder - extrapolation down to Q?~1 GeV?

r, NC
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Q%= 1.2 GeV? Vs = 318 GeV
""""" extrapolation
______ HHT NNLO, Q, =2.0 GeV’

® HERA NC ¢'p 0.5 b

good description of

But beware... is this actually reasonable?

What does F, itself look like?
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F, measurements & predictions

A

ﬁ'—tq 1 | ® Hi HERAPDF2.0 NNLO
i 1 ZEUS extrapolation
Various predictions os |- HHTNNLO
. t lati
compared to unbiased :Elzz:):;no o
extraction of F, e | extrapolation
NNLO HHT FL prediction 0 HHTNLO
untamed at low Q? ol Bl extrapolation
this approach cannot be T
pushed too far |
: 02 | !
this comes from NNLO BNE b |
. B 1
coeff. functions and 1/Q? ! % o
term makes it worse 0 Lo
-02 ;
I L ‘ L |
1 10 10° , ,
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The overlap region between so
physics is of particular in

Does Nature know about

ft and hard
terest

QCD?
/
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Reduced cross sections

xg; = 0.00002

xp; = 000008

xp; = 0.000032

P

| m gj = 0.0000398

,.-""

B = 0.00020

xp; = 0.00005

Scaling violations well
established

— good description by pQCD

No dramatic change
observed around transition
point ~ 1 GeV?

o
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Nature seems not to

know about

perturbation ’rheor'y/

— Bj
H [ }
xp; = 0.002 | ul‘;"g:maz BT xp=0.005 | =0.008
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O HERA NCe'p Q (GeV)
e | Vs =318 GeV \
= HHT NNLO
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Q* (GeV?)

= Fo(xg;j, Q2) Ty xF3(xgj, Qz) Ty F'L(xgj, Qz)
+
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2
Y*p etp _ Y
FZ C(nd 0} O-r,NC_Fz_Y_+FL
« Extracting F, tricky - no unbiased way exists ;r
d . , - =
prextracted _ Fpredictedl g cAte Low Q% Regge inspired BKS
2 02 predicted | . 2 m
T * High @*: pQCD HHT NNLO | G;
~
* Extracting cross section for virtual photon exchange, o¥?, tricky _
: A’ i
2 2
o7 Py, O) = =5 Falow, )
NEmo
0P forms smooth plane & i
— no abrupt features around w0l
transition point ~ 1 GeV? 0-
- y
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Possible parameterisations

Regge phenomenology 02 <0.65GeV?2

Q2

2
MO

o) ap(0)-1
()

Q2 ar(0)—1
)

g

F>(xg;, QZ) = ‘ ' ( + AR
dr’a MG+ O? Xp;
Describes daTa well up TO < 1 Gevz 5\1035 T T TTTTI T T TTTTITI T T TTTTTI
. . . =2 F == ALLM97 o o™ extracted with HHT NNLO
IP IHTZI"C@PT consistent with CL’IP(O) ~ 1.08 T HHT-ALLM 6" extracted with BKS

ALLM parameterisation

Inspired by Regge theory
Incorporates ideas of pQCD

Q2

Fs =
: 0?+m

> (F3 + F))
0

Overall 23 free parameters

Describes data well across
the whole kinematic range

1071}
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2 _ 2
22 37k BV
- §.SE01 GeV?
= 12E400 GeV ?
= 20E+00 GeV ?
= 35EH00 GeV
% < 6.SE+0 GeV
= LOE+01 GeV ?
= 15E+01 GeV ?
= 22E401 GeV ?

?= 35E+01 GeV *

= 6.0E+01 GeV ?

= 9.0E+01 GeV ?

1o 126402 GeV 2
2= 15E+02 GeV ?

P = 20E+02 GeV ?
7= 25E+02 GeV
= 30E+02 GeV

= 40E+02 GeV 2
1o SOEH02 GeV 2
2= 6.5E4H02 GeV 2
= B.OE+02 GeV 2
%= LOE+03 GeV
= 12E+03 GeV

*= 1.5E+03 GeV *
%= 2.0E+03 Gev

2= 30E+03 GeV'?
%= 50E+03 Gev
%= 80E+03 GeV ?
1= 12E404 GeV 2
%= 2.0E+04 GeV

= 3.0E+04 GeV ?

10°

10* _, i '1‘| }’{uﬂ?‘; ;’:-"".;| HI mi i\ Lol
o 0°
W? = Q*(1/xp; = 1) + mj, —— weewy
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oV P for selected W values

~
=
.?\‘ | IIIIIII| [ [ TTTTTI I T TTTTTT [ T TTTTTI I | IIHIf
S :
21065_W=275G6V,i=12 =
3 E W =255 GeV,i=11 e E
= T W=235GeV,i=10 e N
ié“b 105 = W=212GeV,i=9 E
* o"? extracted with HHT NNLO S L I
and BKS depending on Q2 10° 5 wo1s26evii=s 0., B 00 03
C W=132 GeV,i=5 e - é
* Points connect smoothly at FwetorGeies gy 0, O O
103 & W=70Gev,i=3 0..,__" Oy m
change-over value of 2 GeV? = WessGev,ia2 " O B, D
. . . [ W=35GeV,i=1 Q,
* Low & high Q? behavior differs S0P W2V, im0 NN
— at high Q° VP dr'ops as 1/Q? : o o™ extracted with HHTNNLO\“"*O""O':S%@zz%za'
- extraciea wi @O 0, o
2 * 10 e o P extracted with BKS Wi M Qs
— at low Q? 0¥? flattens out N ETeeE ®ea, Coq 0.
* Good description by HHT- f PR REGGE S
1=
! N | IIIIIII| | | IiI\IIl | 1 111l | IIIIiI\l | 1 11
ALLM and Regge fits (fits very Sl \ = o
similar) v Q’ (GeV?)
4 ' N

Lack of a break in transition
region ~1 GeV? is striking
\ /
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Extracting A and C parameters
* HHT NNLO: Q%> 1.2 GeV? — good down to ~2 GeV:?

* BKS: Q?< 2.7 GeV? — connects smoothly to HHT NNLO ~2 GeV?

— Different in overlap region

~ 05
« HHT-ALLM describesS o0.45

data well ~

* REGGE fit good up to
~0.5 GeV?

* A can be fit with 1" or
2" order polynomial

— Same conclusions for C
(figure in backup slides)
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F, at lowest x,,

MIM @

° As XBJ fG”Sl gr'OWing %-‘N 1> X5y = 0.00013 /7 X
gap opens up between |
pQCD and Regge

extrapolations in
transition region

0.2
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\ / 0.8
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F extracted
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* Region of very low
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0.2 —— HHTNNLO OOA%* HERANC e'p extracted with HHT NNLO
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Summary & Outlook

HERA low-Q? low-x data well described by simple twist 4 ferm at F,

— however for lowest Q? F, gets unphysical

Structure-function F, and photon-proton cross section o¥'?extracted
* Using HHT NNLO in pQCD region Q%> 2 GeV?

* Using Regge-inspired BKS for Q%< 2 GeV?

— data agree well around this transition point
Characteristics of F,, 0P and dF,/dInQ? studied in detail

* Data well described by HHT NNLO, HHT-ALLM and HHT-REGGE fits

— No abrupt transition between soft and hard regions observed in the data
— Nature seems not to know about perturbation theory

* Future electron-proton/electron-ion collider ‘ —
heeded L:;AQ '
* Presented data important for model building @ £ e
low x and low Q? ke
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Data in fits from Q2 > 3.5 GeV?

2
N
HERAPDF2.0 NNLO X2 _ 1363 e
ndf 1131
*Introducing FI'=F"""(1 %) has almost no effect, A consistent with O
2
NNLO X 1357y 5
ndf 1130
e Introducing F, =FfGLAP(HAfiT) helps a lot
x> 1329
N TE M RV

HHT@F,

2
NNLO X 1316 e | Ay’=47
ndf 1130

AMT=4.2+0.7 GeV?
AT =55+0.6 GeV?
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Let's be bold and fit from Q2= 2 GeV?

Q? =3.DbGeV?

NLO
NNLO

+
Or NC

min

AMT=4.2+0.7 GeV?

AT =55+0.6 GeV?

=
'

-
3

[

0.8

0.6

04

0.2

1.6

14

1.2

0.8

0.6

04

0.2

>

Q2 =2 GeV?

min

AMT=4.0+0.6 GeV?

AHT=52+0.7 GeV?

Look at the excellent description at low Q2

, b Q% =2 GeV?

o Q=27 GeV’

Q?=3.5GeV? Q’=4.5GeV?

Q’=8.5 GeV?

10° 10 107 107 10!

10° 107 107 107 10!
X

Bj

-5
10

0% 102 10? 0!

e HERANCe'p05fh"

Vs =318 GeV

105 10* 107 1072 107

== HHT NNLO, Q. =2.0 GeV’
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ALLM parameterisation

* Inspired by Regge theory
* Incorporates ideas of pQCD

* Overall 23 free parameters

+ FF)

profon mass

Describes data well across
the whole kinematic range
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0 Ql=20E+3 GeV?

I LN BRE=

2_ P
Q2 43R 6V

Q?= 6.5E-01 GeV?
Q%= 12E+00 GeV 2
Q= 20E+00 GeV ?
Q% = 35E+00 GeV ?
Q= 6.5E+00 GeV ? ]
Q= LOE+1 GeV ?

Q= 15E+01 GeV ?
Q*=22E+01 GeV?

Q' = 35E+01 GeV'?

Q= 60E+1 GeV ?

Q= 9.0E+01 GeV ?
Q= 12E+02 GeV ?
Q= 15E+02 GeV ?
Q*=20E+02 GeV?® 3
8: =2.5E+02 GeV :
=30EH2 GeV
Q% = 40E+02 GeV?
Q= 5.0E+02 GeV ?
Q' = 6.5E+02 GeV 2
Q' = BOEH)2 GeV ?
8; = LOE+H)3 GeV 2
= 12E+03 GeV
Q%= 1.5E+03 GeV ?

Q= 3.0E+03 GeV ?

Q% = 5.0E+03 GeV ?

Q%= 8.0E+3 GeV 2

Q%= 12E+04 GeV ?

Q= 20E+04 Gev? |

Q= 3.0E+M GeV 2 5

10°

10*

10°

10°

W2 = Q2(1/xp; — 1) + m? —> W
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How about Regge phenomenology?

ap(0)-1 2\ ar(0)-1 -
o> M 0’ 0 S
Fo(xgj, Q%) = P (AR [ = + AR [ = H

471'20! Aﬂo -} Q2 xBj xBj

GVMD /

02 - Q%= 0.045GeV: | Q' =0065GeV? £ Q?=0.085GeV: | Q*=0.11GV?

HHT-REGGE
* 3 parameters fittéd to P

= [ Q*=0.15GeV? =02 GeV? ?=0.25 GeV?
+ 0% 50.65GeV? o | ETh e o L\
* Good description to ~0.65 GeV? *2 [ ™~ \#\L\— \_ .

extracted with

Q% = 0.35 GeV?
. Regge formalism expec’red e ———
1_0 br'eak Gr'OLlnd ThGT QZ E Q"= 0.4 GeV E Q" =0.5GeV ; Q" =0.65 GeV E k
0.5 — — J I ~¢
* Various fits tested f \"*\ \‘\ \ 0= 085 Gev |
— All fits compatible with soft o [l wad Puad s sl Pl i gl sk sk gl ol
‘F -

Pomeron expectations

SN T TN S
cx,p(O) ~ 1.08 05 - \'\,\ \'\_. =+ ZEUSREGGE

- Q*=12Gev? | Q*=15GeV* | — HHT-REGGE
0 ool ool o ol ol Do comd ol oo sod §
10°  10° 10°  10°
X



HHT-REGGE fits

~
=
% 02 - Q% = 0.045 GeV? E_ Q% = 0.065 GeV* _ Q% = 0.085 GeV* E_ Q*=0.11 GV?
= - 3 S 3
. . .. F = F 3 3
o With addition of low-W PhP & ¢ preuseetudpututututudpububudushupudafudut
C Q’=015GeV? [ QP=02GeV? [ Q*=025GeV? [
data Reggeon parameters 04 |- - - -
can be constrained 02 |- \j— \\L,,\\ - \\i'\—
ca ) - . . i = [ = [ [ Q’=0.35GeV?
*  Within kinematic range of 0 ool vl vund sl Pl sl ol sl vt ool sl sl v ol s vl sl
HERA data description the St S b S S
same 0.5—\%\—\“-\_\\&\\:_\
* Adding fixed target data ol Q=05 Gev?
. . 0 oo vund v ol o ool o ol o vl Ul ol sl vl g Dol ool gl sl sy |
does not improve fits | b = 0° 10 0 w0
: A i... CN "... ® HERA NCe'p B
0.5 = o *a. | --- HHT-REGGE-PHP-5p
L Q*=126GeV? | Q'=15Gev’ | — HHI-REGGE
oo vound ol voond vy Ul v v o 3y |
0 10° 10 10° 107
Xg;j
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Regge fits

Name Fit Parameters Y/
of Fit M; (GeV?) | Ap (ub) ap(0) Ag (ub) ar(0) ndf
HHT-REGGE | 0.50 £0.03 | 66.3 + 3.2 | 1.097 + 0.004 fixed to O — 0.83
3p-.85 0.58 £0.03 | 58.5+2.5 | 1.105 + 0.003 fixed to O — 1.13
4p 0.49 +0.03 | 785 +7.1 | 1.082 +0.008 | =230 +105 | fixedto 0.5 | 0.78
FT-4p 0.50 +0.02 | 774 +£5.6 | 1.083 £ 0.006 | —217 + 60 | fixedto 0.5 | 0.75
PHP-5p 0.52+0.01 [ 57.0+4.7]1.110+ 0.007 193 + 51 | 0.50 +0.11 | 1.16
PHP-FT-5p | 0.48 £0.01 | 58.9 +3.0 | 1.110 + 0.005 263 + 69 | 0.39 +0.09 | 1.35
ZEUSREGGE | fixedto 0.53 | 63.5+ 0.9 | 1.097 + 0.002 145+ 2 | fixedto0.5 | 1.12
update 052 +0.04 | 62.0+23 | 1.102 = 0.007 148 + 5 | fixed to 0.5 —

Pomeron trajectory ap(f) = ap(0)+a, -t
ap(0) =~ 1.08

soft Pomeron:
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= —— HHT-REGGE - - - ZEUSREGGE %%f,f”;f
E HHT-ALLM - E
— — —HHINNLO e =
%_ MQY) =A+B*log sz _%
§ __________ MQYH=A+B*log sz +C* logj“Q2 _§
E Ll L L 1 1 L1 1 | 1 1 1 1 Ll 11 I 1 L 1 1 L1 1 1 | 1 L 1 1 Ll 1l 1:-
107" 1 10 102 10°
Q* (GeV?)

° from Fz extracted with BKS

o from F, extracted with HHT NNLO

1]
—O—
—{—
-QL ||||||||||||||||||||||||||||||III|

10 102
Q* (GeV?)
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F, derivatives dF,/dInQ? — info on gluon

oI A (S8

. 2 2 N2
Fits to extracted F, F, = A(xp;) + B(xg;j)In Q" + C(xg;) In" O
0-7 T T TTTTIT T T TTTTI | IIIIIII| T III]III| T T TTTTIT O
- ] = xp; = 0.0002
L A Q¥=65E+02GeV: Z
- A Q¥=40E+02Gev2Z ] )
— Q*=25E+02GevV? | E
L Q’=15E+02GeVZ |
L Q*=9.0E+01 GeV2  — 5
- Q*=6.0E+01 GeV? ]| =
0.5— Q*=35E+01GeV: | s
B A Q¥=22E+01GeV2Z | b3
L Q’=15E+01 GeVZ  — i
- Q*=1.0E+01GevV2? | =
0.4— Q?= 6.5E+00 Gev? ] “"m
L Q?>=4.5E+00 GeV2 |
L A Q?=35E+00 GeV2?
B A Q*=27E+00GeV?
0.3 — O Q*=20E+00GeV2 |
L m Q*=12E+00GevV?  _|
L O Q?=6.5E-01 GeV? -
L 2_ N 2 —
0.2 = e Q*=4.0E-01 GeV -
0.1 =
- HHT-ALLM ... . 2 7]
- \ "’%‘% -
0  —— HHT-REGGE p hot OK \ " %“H' ‘} 0
_0.1_ | IIIIIII| | IIIIIII| L 111 L1 1ill | | IIIIIIT
107 107 10 10\ 1
Xpg;

strong scaling violation scaling violation scaling

depends on Q°

depends on a_(Q?)
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Q% = 6.5E+02 GeV 2
Q* = 4.0E+02 GeV ?
Q% =2.5E+02 GeV 2
Q? = 1.5E+02 GeV *

Q*=9.0E+01 GeV 2 |

Q? = 6.0E+01 GeV *
Q* =3.5E+01 GeV >
Q? =2.2E+01 GeV 2
Q* = 1.5E+01 GeV *
Q* = 1.OE+01 GeV 2

Q? = 6.5E+00 GeV 2__
Q% =4.5E+00 GeV ?

Q* =3.5E+00 GeV >
Q? = 2.7E+00 GeV ?
Q* = 2.0E+00 GeV ?

Q? = 1.2E+00 GeV __|

Q” = 6.5E-01 GeV?
Q* = 4.0E-01 GeV?
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HERA and DIS

"+ HERA: ep collider in Hamburg
-  Operation: 1992-2007
B ° Colliding experiments: H1 and
& ZEUs

Halle SUD (ZEUS)
Halt SOUTH (ZEUS)

Hall sud (ZEUS) /

Deep Inelastic Scattering

<—— Neutral Current (NC)
v, Z° exchange

Charged Current (CC)
W: exchange
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« NLO fit for Q*_ = 3.5 GeV?

+
O, NC

HERAPDF2.0 @ low Q?and low x

x?/dof = 1357/1131
« NNLO fit for Q* . = 3.5 GeV?

data are described by predictions

* Not that great...

x?/dof =1363/1131 {1 and ZEUS

* Let's see how HERA low Q?, low x

 Q'=2GeV* | Q°=2.7GeV’ Q*=3.5GeV’ t
' ‘e _I;.‘ B B
i ? .‘."’o i .q.'O.. i
_ ‘.., - ‘"o, -
i "n,.“_ i '-I,“ i
_J |||H|I‘ | J|||Hl| | |||H|[| | HIHH‘ | \H}Hg| ||J|H|| | |\||H|l | HEH”| | |]|H||‘ | III‘—FHlk | IHHH\ I \||||||‘ -|3|H|H|| | HHlHl -|1|||1 | ||\|H|‘ | HHHIl -3|HH|H| | |HH||‘ .1| 111
. Q*=65GeV’ | Q*=85GeV’ B 10 10 %
i} i _ Bj
- B ® HERANCe'p05fh~’
i i - Vs=318 GeV
- - - === HERAPDF2.0 NNLO
| lllHll‘ | ||||Hl| | |IH|H| | HHIH\ [ L1 | |H|H|| | |\||H|’ \ HlHHI | |I||H|‘ [ 11 R ERT T RN RN SRR A 1T AR R TTTTT A A RT. Y1 WA 1T TR WA SN W U1 TR BN AT TR A

UUDWYII M @

/1,5d3

Qo0d p 2unjoN

28



H1 and ZEUS

i
G nc X 2

@low7

104

103

10 2

@ moderate x

10

® HERANC ep 0.4 b’
B HERA NC e'p 0.5 b
Vs =318 GeV

ew” Xg=0.00005,i=21
Xg; = 0.00008, i=20 ]
- ::___, B;;Bj = 0.00013, i=19 O Fixed Target
v met Xy = 0.00020,i218 m==s HERAPDF2.0 € p NNLO
. X = 0.00032, i=17

Xp; = 0.0005, i=16

X = 0.0008, i=15

Xp; = 0.0013, i=14
Xp; = 0.0020, i=13

; Xp; = 0.0032, i=12
" —W

mmms= HERAPDF2.0 e'p NNLO

Xp; = 0.005, i=11
-. 'r/.._r...-.-r""""_“ Xp; = 0.008, i=10
- - atee Xy = 0.013, i=9

Xp; = 0.02,i=8

- __'_',___——-—'r'" P
Xp;i = 0.032, i=7

r e e L
Xp; = 0.05, i=6
Xp; = 0.08, i=5

QCD scaling
2015 Wolf prize for:
J.Bjorkenl .

o
=]
|

Xp; = 0.13, i=4
Xp; = 0.18, i=3

electron-proton
positron-proton

-

Xp; = 0.25, i=2

Xp; = 0.40, i=1

Xp; = 0.65, i=0

@ high Q?

€ e
q q q q

I GeV?

@ high x

Text book plots of fundamental properties of particle interactions
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F, measurements & predictions

e
= 1| e Hl Il HERAPDF2.0 NNLO
i 0 ZEUS extrapolation
- HHT NNLO
0.8 B EE extrapolation
HERAPDF2.0 NLO
0.6 ; extrapolation
- HHT NLO
i extrapolation
04 |
[ ]
02 ; [ ]
i . % Lo
[ ]
0 =]
i n]
02 [
I I\l \‘

1 10

Q% GeV*

* NNLO HHT FL prediction untamed at low Q?

* this approach cannot be pushed too far

* this comes from NNLO coeff. functions and the 1/Q? term makes it worse
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HERAPDF2.0: settings for QCD fit

# QCD fits are performed using HERAFitter package
# PDFs (14p) are parametrised at Q * = 1.9 GeV?

xg(x) =
XuAx) =
xdix) =
xU (x) =
xﬁ(x) =

V4,44,

x—0 _

¥ x> xd

AgxPo(1 = x)% = 4, xPo(1 - x)%,
A, X (1= x)% (1 + E, %),
Agx (1 = x)%,
A;xB5(1 = x)°7 (1 + Dgx),
A"l %)
are constrained by QCD sum rules
¥ 4, A, are constrained via x5=f x D

+# PDF evolution is performed using DGLAP equations
+# Heavy flavour coeffitients are obtained within GM VENS (RT OPT)

[Mi_mi(l_zyzbj)]z
j

2
X =§62

§° m>+8° m.
. 2 : _|_2bi_|_zln l,L;ncor 12 l,;tatuzz i
m; _Féi,stat Mimi( l_gy]b]) J : 6i,zmcor W; _Féi,stal‘ W,

I, uncor I

Volodymyr Myronenko | 13.04.2016 | DIS16 | Combined QCD and EW analysis of HERA data 31/14



Color decomposition of uncertainties

H1 and ZEUS

u? =10 GeV?

! —— HERAPDF2.0NLO
0.8 uncertainties:

- I experimental
[ ] model
[ parameterisation

HERAPDF2.0AG NLO

¥ Parametrisation uncertainties
- largest deviation

¥ Modz| unczriaintizs

L 1 n L i

- Hessian method
- Conventional Ay~ =1=>68% CL

¥ Experimental uncertainties:

Variation Standard Value | Lower Limit | Upper Limit
Q. [GeV?) 33 25 5.0
Q% [GeV?] HIQ2 10.0 7.5 12.5
M, (NLO) [GeV] 1.47 1.41 1.53
X | M. (NNLO) [GeV] 1.43 1.37 1.49
M, [GeV] 4.5 4.25 4.75
) 0.4 0.3 0.5
Uy [GeV] 19 1.6 22

Adding D and E parameters to each PDF

- all variations added in quadrature
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[

Deep Inelastic Scattering @ HERA

'
I(1)
Electroweak * Fix pQCD & PDFs
| Test Electroweak

>

* Fix Electroweak
| Test pQCD & PDFs

* Fix Electroweak & pQCD

| Determine PDFs
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