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- Ep=460, 575, 820, 920 GeV, Ee = 27.6GeV
- H1 and ZEUS collected 0.5/tb per experiment

HERA ep collider (1992-2007) @ DESY

- HERA: unigque lepton-proton collider
- Operational:

- 1992-2000 (HERA I)

. 2003-2007 (HERA II)

- Rich Physics Programme:

- proton structure, EW, QCD, diffraction, BSM searches,...

Kinematic variables

Photon
virtuality

Bjorken
variable

Inelasticity

pre
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Two kinematic regimes:

e e
* Photo-production (PHP): Q2 <1 GeV? V\“M?
e
* Deep Inelastic Scattering (DIS): Q2> 1 GeV? e—<
4 processes are available at HERA: v

NC: ep—e'X CC:ep—-v X
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Structure Functions at HERA

- Differential cross sections as function of x and Q2 can be decomposed as:

do, 2mor? 1 T . . . ~ _
dxdgz = = {_2] | Y., Y.xF, - y°F, | Fy = 2.5+ )
g 2 Y, =1+(1-y)’ } B
dO'éC _ Gl% Mvzv ot N xF3 “Z(x‘li—xqi)
dxdQ? T dxx | M2 10’ [ Wy FY_xW; _yWL]
%
FL o< as ’ xg(x’Qz)
3100
:310 - . HERA
O | mm Fixed Target Experiments NC Measurements

* F2 dominates most of Q2 reach
* xF3 contributes in EW regime
* FL contributes only at highest y

CC Measurements
* W2 and xXW3 contribute equally
* WL only at high'y

O
DESY
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New measurements from HERA

All inclusive individual DIS results from H1 and ZEUS are final and published

Typically several experiments

Data Set x Grid 0?/GeV? Grid L et /e Vs
N H 1 1 N from to from to | pb! GeV
provide their data in a similar .
- . . ; s HI svx-mb 95-00 | 0.000005 _ 0.02 02 2] 21 | ¢p | 300319
Kinematic phase Space:. ol H1 low 02 9600 | 00002 0.1 2 150 | 22 | ep | 301,319 | E
4 H1 NC 94-97 | 0.0032 0.65 150 30000 | 356 | e*p 301 =
2 2 N HI CC 94-97 | 0.013 0.40 300 15000 | 356 | e*p 301 T
) H1 NC 98-99 | 0.0032 0.65 150 30000 | 164 | e p 319
0.045 < Q“ < 50000 GeV LL. HI CC 98-99 | 0.013 0.40 300 15000 | 164 | ep | 319 M
N} HI NC HY 98-99 | 0.0013 0.01 100 800 | 164 | ep 319 Py
v o HI NC 99-00 | 0.0013 0.65 100 30000 | 652 | e*p 319 ™
- HI CC 99-00 | 0.013 0.40 300 15000 | 652 | e*p 319 -
6x10°' < x<0.65 ' ZEUS BPC 95 [ 0.000002 000006 | 011 065 | 1.65 | ¢p 300
< ' : ZEUS BPT 97 | 0.0000006 0.001 0045 065 | 39 | e*p 300 o
m ] ! ZEUS SVX 95 | 0.000012  0.0019 0.6 17| 02 | ep 300 Q
g ) ZEUS NC 96-97 | 0.00006  0.65 2.7 30000 | 300 | e*p 300 o
LLl: i ZEUS CC 94-97 | 0.015 0.42 280 17000 | 477 | e*p 300
T - ZEUS NC 98-99 | 0.005 0.65 200 30000 | 159 | ep 318
P : : i ZEUS CC 98-99 | 0.015 0.42 280 30000 | 164 | e p 318
Best precision achieved when ==} 7~ §l Zusxe w000 | 0005 065 | 200 000 | 2 | ep | s
data are combined: & ZEUS CC 99-00 | 0.008 0.42 280 17000 | 609 | e*p 318
. ' HERA 11 E, = 920 GeV data sets
HI1 NC 03-07 0.0008 0.65 60 30000 182 et'p 319
- ave rag I n g p roce d u re ta keS i H1 CC 03-07 0.008 0.40 300 15000 182 etp 319
H 1 b H1 NC 03-07 0.0008 0.65 60 50000 151.7 ep 319
CO r re | atl O n S Of SySte m at I C Of | HI1 CC 03-07 0.008 0.40 300 30000 151.7 ep 319
. . . H1 NC med Q2 03-07 0.0000986 0.005 8.5 90 97.6 et p 319
uncertainties INto account H1 NC low Q2 03-07 | 0.000029  0.00032 2.5 12| 59 etp 319
ZEUS NC 06-07 0.005 0.65 200 30000 135.5 etp 318
ZEUS CC 06-07 0.0078 0.42 280 30000 132 etp 318
; ZEUS NC 05-06 0.005 0.65 200 30000 169.9 ep 318
H b : ZEUS CC 04-06 0.015 0.65 280 30000 175 e p 318
D ata CO m b I n atl O n p rOVI d eS a ZEUS NC nominal 06-07 0.000092 0.008343 7 110 44.5 etp 318
. ZEUS NC satellite 06-07 0.000071 0.008343 5 110 44.5 et p 318 I
test of data consistency as well HERA T £, = 575 GeV data sefs m
AT NC high 07 07 | 0.00065 0.6 35 800 | 54 | <p 752 Py
H1 NC low Q° 07 | 0.0000279  0.0148 15 90 | 59 | ep 252 >
ZEUS NC nominal 07 | 0.000147 0.013349 7 110 7.1 e'p 251 —
ZEUS NC satellite 07 | 0.000125  0.013349 5 110 | 71 | e 251 —
HERA 1 £, = 460 GeV data sets Q
HI NC high 07 07 | 0.00081 0,65 35 800 | 118 | ¢ p 235 QO
H1 NC low 02 07 | 0.0000348 0.0148 1.5 9 | 122 etp 225 Q
ZEUS NC nominal 07 | 0.000184 _ 0.016636 7110 | 139 | &p 235 —
ZEUS NC satellite 07 | 0.000143  0.016686 5 110 | 139 | e'p 225 m
Py
4 e
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HERA data combination

H1prelim-14-041 and ZEUS-prel-14-005

- All individual measurements from H1 and ZEUS are published.

- There are 41 data sets: 2927 data points are combined into 1307 averaged

measurements with 162 sources of correlated systematic uncertainties.

Data are combined into a common x, Q2 grid —> original measurements are swum to the nearest
grid point via linear interpolation

; NC ep

Omeas(xmeaSa Qmeas) 20— A —

o~ 21
o

Omodel (wg'rz'da Qgrid)

2
o(Zgrid, Qgria) =
( grua; g'r'Ld) O'model(xmeasanneas)

¥ Averaged mesurements

19 A ' \r 0.972 5
O Original measurements

- Combination performed using the HERAverager package

18- H—<—1 -1
g 1.013

,,,//"'7 1.003

[mi _ Zj )’;mlbj _ 'ui]2
, b b: 7k | i
R My s W A

16 : | | |
0.0017 0.0018 0.0019 0.002 0.0021 0.0022

- As a default choice: multiplicative treatment of the systematic it
- Procedural uncertainties:

multiplicative vs additive

correlation of photoproduction background and hadronic energy scale
. Consistent data sets: total x2/ndf = 1685/1620=1.04.
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HERA data combination

H1prelim-14-041 and ZEUS-prel-14-005

- All individual measurements from H1 and ZEUS are published.

- There are 41 data sets: 2927 data points are combined into 1307 averaged
measurements with 162 sources of correlated systematic uncertainties.

H1 and ZEUS preliminary

Na e HERA NC " 1) 05 ! Up to 6-8 data points combined into one
¥} y Cep(prel) Significant reduction of the uncertainties:
=< o002 5 =318 GeV « increased statistics:
RO ' 0 ZEUSHERA I < 0.9% for Q2 up to 400 GeV2
O 141 ¥ ﬁ ﬁb v ZEUSHERAI « improved systematic
u ’ i@i © HIHERAIT —> total error < 1.3% for Q2 up to 400 GeV?2
12 + X A H1 HERA 1
| ; ’ 21
L . . | By x=0.008
SR AT
’ g 3
08} £ K e
s . :9;6' j ™ \L ‘ o
o6 & * eyt ot M{f %}Qh ey 3 x=0032 4 T / %"# x=0.008
b ¢ A
* ' b bk b P ib® b & PR
04l wom e PP PERRAAPIRRE *’ * % <ﬁ /‘g
0l PR ERRR gy s
’ 10 102 10° 10° 0
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QCD scaling and EW effects

- EW effects clearly seen at high Q2:

H1 and ZEUS preliminary
Camy 10 4 = 2
NO‘ E HERA (prel.) HERAPDF2.0 (prel) NLO, Q. =3.5 GeV
= Vs = 318 GeV Vs = 318 GeV
=, | ™ NCe'p05f’ == NCe'p
Z 13 ® NCepo04f' == NCep
™ -
© SRS x=002 (x475)
i —a—a-a—-a-a-t-a-g—f—3 x=0032 (x400)
2 I se m0asens g § x=005 (x270)
. f_ —oauvaseeb-e—>_t x=008 (x170)
i M—'——:‘< x=0.13 (x80)
10 3 -o—a—0—0-3-0-5 ﬁ: x=0.18 (x20)
N ""—'-'—rt—‘v—o—c—.=< x=025 (x6)
1 [
i x=040 (x2)
0" = f
i =0.65
0L $ ’
i 1 L L L LA Ll I 1 L L L I Ll I L L L ' I LAl I
10 10° 10 10°
2 2
Q% GeVv

H1prelim-14-041 and ZEUS-prel-14-005

QCD scaling violations nicely seen:

At low x :

- s e HERA NC e'p (prel) 0.5 fb!
3 Vs =318 GeV
C e x=000008. =21 O  Fixed Target
| X= , i=
= e :' . x =0.00013, i=19 — I‘IERAP;)FZ.O (prel.)z
- . —o® x =0.00020,i=18 -—
- e o":' oo x=0.00032,i=17 NLO, Q;,= 3.5 GeV
- L = i= 0
= 0 0% | jeeeeeees X=0.0005,i=16 The x region
o Y cosee®®® x =0.0008, i=15
- e eeeee x=0.0013,i14 relevant for the
S 00 ressneeoreee x=00020,i=13 Higgs production
E et T eeseveeweere  x=00032,im12 is at 10-2.
C . N i oo osoeeeee  x=0005i=11
L e *"’”.I..‘..“.ocoﬂﬂo x = 0.008, i=10
- W x=0.013,i=9
- . W"‘ x=0.02,i=8
E ® _ppOp o —eeee e e e e sttty e x = 0.032, i=7
B - o0 ovesooevoseeeteo x=005i=6
N -oBagodt
- _m—m—.———.—.—.—mﬂ’”’-’-—.—* x = 0.08, i=5
8 x=0.13,i=4
:_ M x=( Athighx:
. "
o ™,
;— x = 0.65, i=0
- Combined HI & ZEUS run-2 preliminary

1 llllllll L 1 lllllll 1 1 lllllll 1 1 lllllll 1 1 lllllll I I
1 10 10° 10° 10°* 10°

2 2
Q7 GeV
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Charged Current Cross Section Measurements

H1prelim-14-041 and ZEUS-prel-14-005

Charged Current: provides important flavour decomposition

d*o g
5.00)" C 1— d S
= dde’ 2z(Mﬁv+dE + * )]

d’cl. G
LYo 27:(M2 +c>=]"’“"“”(1 4 @ s)
HERAl only H1and ZEUS New HERAI+Il H1 and ZEUS preliminary

Q' =300 GeV? Q= 500 GeV? Q = 1000 GeV? Q = 1500 GeV*

2 - - - -
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O, cclx Q)

08 [ '~ 15000 Gev? [ QP=30000Gev? 100 10 w0t ety 08 [ o'=15000Cev’ [ Q'=30000Gev* [0 10 0wt
06 ) 06 | - ® HERA CC ep (prel.) 0.4 fb"
e HERAICCep : : €p (prel) 0.

o === HERAPDF1.0 04 3 Vs =318 GeV
02 o2 b F == HERAPDF2.0 (prel.)

}\ =] f [ NLO, Q’, =3.5GeV’

~ - - - nh .
o bl o NE c.” ~u+c+(l—y)2(d +s)] N TR, | I
10° 10" 10° 10" X 10° 10" 10° 10! X

Much more precise CC measurements after including new high Q* HERA Il set!
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Review of HERAPDF sets:

PDFs at HERA are determined from QCD Fits to solely HERA data:

- N0 need for heavy target corrections nor strong isospin assumptions

HERAPDF1.0:
 Combined NC and CC HERA-I data (public)
* NLO set, RT scheme —> available in LHAPDF

HERAPDF1.5(prel.) -> recommended so far:
* Include additional NC and CC HERA-II data (not public)
 LO, NLO, NNLO sets —> available in LHAPDF

HERAPDF1.6 (prel., not public)

* Include additional NC inclusive jet data 5 < Q2 < 15000
* as =0.1202 + 0.0013 (exp) = 0.004 (scales) free in fit

« NLO

HERAPDF1.7 (prel. not public)
* Include F2cc data 4 < Q2 < 1000

* Include combined cross section points Ep=575/460 GeV
« NLO

HERAPDF2.0(prel) —> NEW

Data PDF Set

H1+ZEUS NC,CC - HERA | HERAPDF1.0 (NLO)
H1+ZEUS NC,CC - HERA | I (part) HERAPDF1.5 (NLO,NNLO)
NC,CC HERA | + 11 (part) + jets HERAPDF1.6 (NLO)

NC,CC HERA | + Il (part) + jets + charm HERAPDF1.7 (NLO)
Complete HERA inclusive data HERAPDF2.0 (NLO, NNLO)
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QCD Settings for HERAPDF2.0

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

PDFs are parametrised at the starting scale Qy2=1.9 GeV2as follows:

NC structure functions

xg(x) = AxP(1-x)% - AlxP(1 - x)%,

4 _ 1 _
xu(x) = AyxPe(1-x)C(1+D,x+E, ), Fy =5 (aU +2U ) + 5 @D+ zD)
xdy(x) = Agx"e(1-x)", zF3 ~ zu, + zd,
xU(x) = Apx®i(1 - x)°? (1 + Dyx),

xD(x) = ApxPp(1 - x)°. CC structure functions
S Y + _ TTr
fixed or constrained by sum-rules Wy =z(U + 2) ’ Wy =z(U+ l_))
parameters set equal but free sWy =z(U - D), aW3" = z(D - U)

Due to increased precision of data, more flexibility in functional form is allowed —> 15 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 MSTW

- Chi2 definition used in the minimisation [MINUIT] accounts for correlated uncertainties:

m?2 + §2

1. ,aunc''%y 1,8tat

unCrU’z + 6223tatru'z

pimt

[t —m*(1 =32, 7565))°
(m,b) E d 7 5+ E b2+ E In
Xior 07 star'mi(1 = 35 vib;) + (i uncm?)?
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Modern understanding of PDFs

Uncertainties of three types considered:

- Experimental: ek
g 1 oor T AL AL voorrrt
- Hessian method used [ u?=10 GeV?
- Consistent data sets = use Ax2=1
0gl ~ —— HERAPDF20 (prel)NNLOQ? =35GeV’ |
. [ exp.uncert.
", MOdel I ] model uncert.
.. . . . - [ parametrisation uncert. Xu,
- variations of all assumed input parameters in the fit i : |
0.6 ' -
Variation Standard Value | Lower Limit | Upper Limit
fi 0.4 0.3 0.5
MZP'(NLO) [GeV] 1.47 1.41 1.53 L
M?” (NNLO) [GeV] 1.44 1.38 1.50 0.4 | xg (x 0.05) - xd, E
M, [GeV] 4.75 4.5 5.0 -
Q2. [GeV?] 10.0 7.5 12.5 /\
Q2. [GeV?] 3.5 2.5 5.0
0?2 [GeV?] 1.9 1.6 2.2 .
- An envelope formed from PDF fits using variants of el A
trisation f t ter added 10 L
parametrisation form (extra parameter added)

zf(x) = AzP(1 — 2)°(1 + Dz + Ex?)

- Qp? variation dominant parametrisation uncertainty
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HERAPDF2.0 and Q2 cut dependence

The Q2 cut dependence on the fit is already included in the model variation for the HERAPDF sets,
however usually we look at small range in cuts when assessing an uncertainty to Q2 choice.

v’ /dof

122 |
12
118 |
116

114 |

H1 and ZEUS preliminary

124 -

A

HERAPDF2.0 (prel.)
v x’/dof = 1386/1130 v NLO
A NNLO
A
v /
X
v x*/dof = 1156/1001
4 X
v X
L N B
5 10 15 202 25 30
Q" cut/ GeV

- Look at larger range and effect on x2/ndf
- For Q2min = 3.5 GeV2

x2/ndf = 1385 /1130 at NLO
x2/ndf = 1414 /1130 at NNLO

For Q2min = 10 GeV?2
. x2/ndf = 1156 / 1001 at NLO
. x2/ndf = 1150/ 1001 at NNLO

X2 appears to saturate for Q2min = 10 GeV?2

Similar behaviour observed for HERA-| data
however, less precise data
x2/ndf = 637 / 656 at NLO
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HERAPDF2.0 and Q2 cut dependence

The Q2 cut dependence on the fit is already included in the model variation for the HERAPDF sets,
however usually we look at small range in cuts when assessing an uncertainty to Q2. choice.

v*/dof
5

1.1

1.05

0.95

0.9 |

0.85

H1 and ZEUS prellmmary

1.2

1.15

low Q2/low x remains an interesting region!

13

1 R

H1 and ZEUS preliminary

']Il'IlYYIITll"‘IIIIIT‘IIUTT]T]']TII

4 ACOTNLO,F, O(a) 4 RTNLO,F_O(a?)

s RS B BN RS EERE R T B
I 8125}
L. TR — i > C
. o 1.2
B é: g | 7
" O RTLO ) 1 '1 5
A RTNLO Z
® RT NNLO 1.1 i
, 1.05 [ ¥ FFNSNLO,F, O(c,) ¢ FFNSNLO,F, 0O(c?)
- A RTNLOHERAI - L ]
-y
.
i \\&_ ............. ——y |
.......... Lo ool oo bl ool o
2 4 é 8 10 12 14 16 18 20 22
Q2/GeV?

11 LJl lllllll 1 A l JLll

TS TR il
2 4 6 8 10 12 14 16 18 20 22
Qmin/Gev

Investigation carried on:
- pQCD order dependence
- heavy flavour scheme dependence
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HERAPDF2.0 and Q2 cut dependence

The Q2 cut dependence on the fit is already included in the model variation for the HERAPDF sets,
however usually we look at small range in cuts when assessing an uncertainty to Q2. choice.

PDFs with Q2 cut min @ 3.5 GeV2 and @10 GeV? are shown

-~ uncertainties are larger for Q2cut=10 GeV?2 (more data is cut away) and impact mostly gluon PDF

et 1
»e

08

H1 and ZEUS preliminary

T L LA | T T T

' NLO W=10Gev? |

////) HERAPDF2.0 (prel.) NLO an =35 GeV?
[ ] HERAPDF2.0 (prel) NLO Q* =10 GeV*

e
e

14

'NNLO =10 Gev? |

0.8

H1 and ZEUS preliminary

HERAPDF2.0 (prel.) NNLO Qm = 3.5 GeV*
[] HERAPDF2.0 (prel) NNLO Q=10 GeV*
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xf

HERAPDF2.0 vs HERAPDF1.0 and HERAPDF1.5

N\

H1 and ZEUS preliminary H1 and ZEUS preliminary
' NLO W2 =10 GeV’ . ' NNLO W2 =10 GeV’
081 HERAPDF2.0 (prel) NLO Q7 =3.5GeV’ 0.8 HERAPDF2.0 (prel) NNLO Q=35 GeV? |
|| HERAPDF1.0 NLO _ | HERAPDF1.5 NNLO

Valence PDFs most affected Reduced gluon uncertainty
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xu, (x,Q%)

xS(x,@)

HERAPDF2.0 vs world PDFs
H1 and ZEUS preliminary NLO

L Q* = 10 GeV?

1 344« CT10 NLO (68% C.L.)
oo NNPDF2.3 NLO

+++ HERAPDF1.5 NLO

“ MSTW2008CPdeut NLO
<. HERAPDF2.0 (prel.)

NLO @, =3.5 GeV*

0.8

o A A llll‘ll L A lll‘l‘l A A lllllll A AL MMl
10" 10° 10? 10" .
5 Q= 10 GeV?

¥4 CT10 NLO (68% C.L.)

oo NNPDF2.3 NLO

-4+ HERAPDF1.5 NLO

=== MSTW2008CPdeut NLO

. HERAPDF2.0 (prel.)

NLO Q?, =3.5 GeV?

o 1 1 lllllll L L lllllll 1 1 Allllll L LA 1Ll
10 10°° 10?2 10" 1

X

)

xg(x,Q?%

16

0¢ Q? = 10 GeV?

¥% CT10 NLO (68% C.L.)
0 <> NNPDF2.3 NLO
-+ HERAPDF1.5 NLO

S5 MSTW2008CPdeut NLO
~ HERAPDF2.0 (prel.)

NLO @}, =3.5 GeV*

10" 10° 10? 10

Q?=10 GeV?
%444 CT10 NLO (68% C.L.)
oo NNPDF2.3 NLO
20— -4+ HERAPDF1.5NLO
=== MSTW2008CPdeut NLO
. HERAPDF2.0 (prel.)
NLO G2, =3.5 GeV?
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3
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X
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Summary

 HERA has finalised its separate measurements relevant to PDFs

* Currently in process of providing final HERA combination together with HERAPDFs, mc, mb,
alphas ...

Where we are now: | HERA Workshop on November 11-13*
- data combination is finalised:

- new sources of procedural ; .
Future Physics with

uncertainties (mmor) HERA Data for Current and + Measurements still to be carried out
) ) , , Planned Experiments with unique HERA data collected by the
- All physics discussed in the 11130 k2014 H1, ZEUS and HERMES.

HERAPDF1.x studies are considered,
especially the simultaneous extraction of

alphas and PDFs from inclusive, jets and .
charm. i Y @& \ . « Various topics:
ok — Proton structure and PDF's,

+ Relevance and impact on current and
future experiments.

— Nucleon spin,

— 3D nucleon structure,

— Diffraction and low x,

— Hadronic final states,

— Jets and heavy flavours,

— Monte Carlo development and tuning.

Final results coming soon, stay tuned ...
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Longitudinal Structure Function

Longitudinal structure function FL is a pure QCD effect: F, =Z‘_vx2fd—f[@8
JT N 7 b

—> 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

2
F2 1 HER ~ oncl(z, Q% y) x Fy(z, Q%) — Y Fr(z, Q2
\#\% NC( 7Qay) 2( 7Q) 1+(1_y)2 L( aQ)
F-F.[— — — — — — — — 3
0 Y 1 ol 2 ~ n .2
H1 and ZEUS Ig(:l,Q ) ~ 177WFL(GQ,Q )
FE L
L0_4_ H1 Collaboration
i @ H1 xg [
— 20_
02— =
B 10—
. HERAPDF1.5 NNLO ABMI12 NNLO / -
3 1 [ ctioNNLO I NNPDF2.3 NNLO -
02— MSTWO08 NNLO JR09 NNLO 0
B - xg, HERAPDF1.5 NLO
111 l 1 1 1 1 11 11 l 3 1 1 1 1 11 11 3 B - xg fmmF , HERAPDFI.S NLO
1 10 10° 10 o .L|..|...| o
Q? [GeV?] 1 10 100 1000
Consistency of H1 and ZEUS FL was checked accounting Q’ [GeV?]

for corr. unc: x2/ndf = 11/8 (p-value = 20%
unc: x2/ /8 (p-valu °) Eur. Phys. J. C 74 (2014) 2814 [arXiv:1312.4821]

DESY-14-053, submitted to Phys. Lett. B [arXiv:1404.6376] 18
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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:

10™

10°

10°

o Extract me¢(me) in 6 separate kinematic regions
> Translate back to me(p) [with u=y/Q2+4m¢?] using OpenQCDrad [S.Alekhin’s code].

H1 and ZEUS

H1 and ZEUS preliminary
T T T T

e m(m)scanfor Q°=25-7.5 GeV’

Q=200 GeV?

Q°=2000 GeV?
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[ ABMOSNNLO MS
[T} ABMOSNLO MS

10% 10° 107

X

1:4 1.5
m(m) [GeV]

m) (Gev]

-
D

-
£

0.4

H1 and ZEUS preliminary

T

T

. HERA (prel.)
- PDG with evolved uncertainty

IIIIl
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P
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-
|

10 |
u [GeV]

The scale dependence of the mass
is consistent with QCD expectations
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Running beauty mass m, (m,) from F2 beauty

DESY-14-083 arXiv:1405.6915

The value of the running beauty mass is obtained in a similar manner as for me(me):
> chi2 scan method from QCD fits in FFN scheme to the combined HERA | inclusive data + beauty

measurements, beauty-quark mass is defined in the MS scheme.

_zEus

10* 10° 102
X

The extracted MS beauty-quark mass is in agreement with PDG

_ Q?=6.5 GeV’ Q% =12 GeV? Q’ = 25 GeV*
Q? =30 GeV? Q’ =80 GeV? Q* = 160 GeV®
., J10* 10 10?7 10t 10° 102
s Q" =600 GeV* | x X
. ZEUS 354 pb™

y 1 QCD fit, m =4.07 GeV (best fit)

I ....... QCD fit, m =3.93 GeV

-----.- QCD fit, m =4.21 GeV

1QCD Fits

IHERA |+bea

o 600
x

598
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590
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w

+0.01
-0.07

ZEUS
A LB B B B B BN LA LI L
E . Inclusive DIS + beauty QCD fit =
: ..wI....IHHI.‘..\.‘.wl...wl..;.l.“.\.‘.—
5 37 38 39 4 41 42 43 44 45

“m. (m) (GeWY

(mod.)*3:95 (param.) 038 (theo.) GeV

my(my) = (418 +0.03) Gev —>PDG2012

average and LEP results.
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Extra Material

not necessarily useful



New Beauty in DIS from LifeTime-Tagging

DESY-14-083 arXiv:1405.6915

Inclusive jet cross sections in beauty and charm events are used to:

> The good agreement of the data and NLO calculations in the visible phase (given by the heavy quark
tagging) allow to extrapolate to the full phase space and to measure F2bb (and identical F2cc) :

F2® +0.03 i

0.22

0.2

0.18

0.16

0.14 |

0.12

0.1

0.08

0.06

0.04

0.02

Illlllll I Illl]lll I IIIIIIII

I

bb
do

2
_ 2T

Il
5 : ® ZEUS vtx 354 pb™ ]
O  ZEUS e 363 pb’ .
! x-0 00013 i=7 e :
— 4  ZEUS u 114 pb™ ]
- © ZEUS p+vtx 126 pb' 1
®  H1 vtx 246 pb™ —
x-0 0002 i=6 .
HERAPDF 1.5
ABKMNNLO 7]
-~ MSTWO8NLO ]
--------- MSTWO08 NNLO ]|
~—— CTEQ6.6 NLO _]|
‘{ — JRO9 ’
- x=0.002 i=3 -
- x=0.005 i=2 M ]
- ? ? ]
- x=0.013 i=1 B
[ x=0.032 i=0 -;-% ]
Il | lllllll 1 | llllIlI 1 | llllIlI 1 T

3

10 102 10

Q? (GeV?)

&dQ®  xQ°

[(14(1=y))-F5—y* F4?

The new measurement is the most precise
determination of Fob from ZEUS

Data are in good agreement and well
described by fixed-order (massive) and
variable-flavour (mixed) NLO and NNLO
QCD calculations
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HERA Charm Data Combination

EPJC 73 (2013) 2311

- Best precision achieved when measurements are combined:
o« Charm Data Combination: chi2/ndof = 62/103
- 155 data points from 9 different measurements of H1 and ZEUS were combined into 52 points
. efforts in accounting for correlations of systematic uncertainties between data sets

O different charm reduced cross sections measurements were combined :

Data Set Period Reconstruction Q? [GeV?]
e 1) H1 Vertex =~ HERA | + Il  displaced vtx 5-2000
e 2) H1 D* HERA | D* decay 2-100
e 3) H1 D* HERA I D* decay 5-100
e 4) H1 D* HERA I D* decay 100-1000
e 5) ZEUS D* 96-97 D* decay 1-200
e 6) ZEUS D* 98-00 D* decay 1.5-1000
e 7) ZEUS D° 2005 D° decay 5-1000
e 8) ZEUS Dt 2005 D° decay 5-1000
e 9) ZEUS u 2005 semileptonic 20-10000

- Data combination is performed at the reduced charm cross sections level (as in DIS):
o they are obtained from xsec in visible phase space and extrapolated to full space

2 2

d*c’t _ 2, Y+O'CCd(x,Q2,S) 0_cE (x Q2 S) — FcE(x QZ)_ y_FcE(x QZ) o°° (x QZ) =
dx sz X Q4 re red ’ ’ 2 ’ Y+ L ’ red \*">»

cC
o — g bean|| Tred. mvopis

Vis vis )

O \is, HvODIS
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Measurements of Asymmetries from HERA

. Explore polarisation asymmetry to extract F,¥4
Explore charge asymmetry to extract xF3¥2 (improved measurement from HERA [+l1)

2 1 1 2 2
~ Q Z o+ - ( - y) ~ Y -
F; ~ F,—(v,+P,a.)k F) *=F>F xF3— F
2 2 e ele o, 2+ 3
Q2+M2 1+ (1+y)? 1+ (1-y)?
JHEP 1209:061 (2012) osarx"’:1208:6138 ZEUS
F-,Z T T T T T T T T Hl. C ollla!)olratilc?n :)-%',: E e ZEUSNCe 5(305.4 pb ), Q2-1500 GeV2
2or Transformed to Q? = 1500 GeV? ] 0.7 _gﬂ ?Z{]FE:US JETFS%'S)
1 . 06—  SM (CTEQ6M)
B ® HI I — SM (MSTW2008)
-4 —— HI1PDF 2012 - 0.5 ;— }
=~ i =
0.5 — 03; NS
- . 02— 2
i 1= 01—
_ } g N= \'}\
0 . L Lt Il . L - = L Lo 1 L [ S B B A
107 1 1
F 77-q +qbar " xF31Z~xq, :

The shape of the distribution reflects their parton sensitivity
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Running charm mass m_(m,)

EPJC 73 (2013) 2311

Charm combination can also be used in a NLO

QCD analysis in FFN scheme to determine the 200 H1 and ZEUS

running of charm-quark mass mc(mc) in MS: E St I

Charm + HERA-I inclusive
I ® FF (ABM) o |
680/ mg(m_)=1.26 + 0.05 GeV _
me(me) = 1.26 £ 0.054p £ 0.0350q & 0.02)5ram + 0.02,, GeV
660 n
i . |
640 . -
m(m_) = 1.275 * 0.025 GeV [ e o* *
B .......

) ) ! | ) ! ) | ) ! ! |
620, 1.2 14 1.6
This has triggered the question: my(m ) [GeV]

—> how about measuring the running of m¢?
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Extraction of PDFs through QCD fits
Review of HERAPDF sets:

HERAPDF1.5-NLO(10p)
. H1 and ZEUS HERA 1+II Combined PDF Fit ,
=
=10 GeV? H
10p @'=10Ge 5
=
08 w HERAPDFLS (prel.)
I exp. uncert.

model uncert, m,
o0&k || parametrization uncert. g
%
04| xg(x0.05) -
02+ é
xS (x 0.05) z
z
2
=

10* 107 10°? 10"

We started with similar
settings as used for HERAPDF1.0

(10 free parameters)

Xl

wes=) HERAPDF1.5-NLOf(14p) =) HERAPDF2.0-NLO (15p)

HI and ZEUS HERA I+11 14 parameter PDF Fit H1 and ZEUS preliminary

v : ® _ :
Q' =10 GeV* 8 W! =10 GeV
14p : 15p
o8 —— HERAPDFLS( (prel.) z os | —— HERAPDF2.0 (prel.) NLO Q° = 3.5 GeV*
! - ep. uncert, - exp. uncert.
\ L] modet u"f"',' g [] model uncert. xu,
-_E; E parametrization uncert.

06 o
HERAPDFLS (prel.) 5
8
=
£
“I g <008 g
—
e
=
g
02} ;
3 =
xS (% 0.05) e
-
=
-
0 =

w* 1w’ 10* 0! 1
X

preliminary HERA |l data
Required additional flexibility
(14 free parameters)

New HERAI+II combiation
(15 free parameters)
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