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\ Motivation

@ Whya (M,)? a_(M,) from inclusive jets
[ L T T L [
+ Among least known SM parameters Latest | | |
CMS 8 Tev) —+o+—
+ Important for all processes in hadron- H1 (HERA-II) R
induced collisions DO (Run-II, aNNLO) ——opg-
CMS (7 Tev) —++—
+ Needed for QCD precision comparisons
Earlier
@ How? H1 (HERA-I, 300 GeV) ———+—
H1 (HERA-I, 320 GeV) —++—
+ Start with inclusive jet data H1 (HERA-I, low-Q?) o
H1 (HERA-I+II) —t—
s Wide kinematic range ZEUS (300 GeV, Q*>500GeV?) +—o—+
ZEUS (do/dQ?, Q*>500GeV?) +—e—+

s  Measured in many experiments
s  Well defined in fiducial volume of detectors | Individual works

+ Compare to theoretical prediction %)LF A{;'S{TT::;?;F’;]) — B
« Directly sensitive to a_(M,) H1 (aNNLO) e
s  Available at NLO in QCD+EW World average 20T7y
s  QCD @ NNLO is under way 01 011 0.12 0.13
s Less ambiguous with respect to scale choice o (M,)

K. Rabbertz Birmingham, UK, 05.04.2017 DIS 2017 Workshop 2



\ Main ingredients

Data

@ Abundance of inclusive jet data from various experiments
+ ATLAS, CMS, CDF, DO, H1, ZEUS, STAR, ...

@ Inclusive jet measurement

+ Phase space, experimental uncertainties, correlations

Theory P
@ Partonic matrix element 0
+ Sensitive to a_(M,)

@ Convolution with PDFs

+ Dependence on a (M,) P

PDF f,

K. Rabbertz Birmingham, UK, 05.04.2017 DIS 2017 Workshop 3



Strategy?

experiment “B” expetiment C’

data
theory

experiment “A”

data
Theory
£i+ methed

data

theory

fit method fit method

(M) (M)

combination

v

GS(MZ)

K. Rabbertz Birmingham, UK, 05.04.2017 DIS 2017 Workshop 4



Strategy?

experiment “B” expetiment C’

data
theory
fit method

experiment “A”

data
Theory
£+ method

data

theory
fit method

(M) (M)

Good?
Not really.
Many inconsistencies!

v

GS(MZ)

K. Rabbertz Birmingham, UK, 05.04.2017 DIS 2017 Workshop )



Better strategy

experiment “A” [l experiment “B” expetiment C’

data data data

consistent theory input

(N)NLO calculation ... non-perturbative corrections ... PDFs ... asevolution

single fit method

e treatment of uncertainties .. o
x? definition ... on data, theory ... estimation of uncertainties on as

\ 4
as MZ

K. Rabbertz Birmingham, UK, 05.04.2017 DIS 2017 Workshop




| First look: a (M,) from CMS, DO, H1

H1 Data NLO @ ¢ @ 6™ % 107 = DO Run lI o |yl<0.4 (x32) CMS, EPJC 75 (201 5) 288
oo To G i 100 sosoe MR 5, B S o o 0.4<lyl<0.8 (x16) DO, PRD 80 (2009) 111107.
_ m 270< QP <400 GeV? =g) & 5000 <CP < 15000 GEV? =) -8_ 5 Z L] 0.8<|y|<1 2 (XB)
% 105%— Inclusive Jet Dijet Trijet = 104? o 1.2<lyl<1.6 (x4) H1’ EPJC 75 (2015) 65.
S o o 10t s 1.6<lyl<2.0 (x2)
8 10, Ng 10°g 4 2.0<lyl<2.4
CTJ 102- S 102 ?
Sl 105
g’ 1E\5=1.96TeV
I 107 L=0.701b"
10; . " 10-2 ? I:lcone =07
w0 . . . 10% 5 — NLO pQCD
10'52 ® ‘ LR . = 19-4 é +non-perturbative corrections
10*‘3;— H1 ¢ . - ¥ 107° %f CTEQ6.5M Ho=H_=p;
7 107 20 30 50 7 10 20 30 50 7 10 20 30 10'6 75'0 6‘0 o ‘1 (‘)O 2(')0 3(‘)0 4(')0 1 660
P [Gev) P, [GeV] (P, [GeV]
p_ (GeV)
.
—25 N
4 107F ' s Iyl <05 (x10%) ]
1 B CMS ° yl<0S(x ]
0"\ Large and complementary ot - o 05<li<10(xi0)
20 . L s =7TeV B 10<lyl<15(x10?) ]
h d e = L L=50fb" 0 15<lyl<20(x10') ]
p ase Space covere 8 L anti-k. R=0.7 Y 20<lyl<25(x10°) ]
5 107 :
o — o e e ]
> h 1 5 (é) ~ E '6'-8-_6_ "'--_._ 1
O ) = = -.'-.._._ 'e'_e,e "..' -
OR=) ~. T © e e Te, Te, B
T >‘\ c - 3 | -E-'E' -.-‘.' e'e'-e e, |
~ = — © 10° 7 _ T Wy Co, Pe =
Q - Ba L] e, e
4V} 1 03 | | 1 O Q :g — - EE'E- =y eeee o.. —
<& ) Q o) — e Bg Ceg, ®oy =
o L T = %o, *% i
r o) 4F - = N ., -
107 & ‘ﬁ* = ...Ue -
| O 5 - » EEE _e_-?- -
. » — ¥' N -
L - e ]
5[ M =u=p _— .
H1 D@ CMS 105i F‘—FNNII’DF21®NPCc>rr — E
‘ 1 |2 ‘3 O-O i | | | | | | L1 | | ]
10 10 10 200 300 1000 2000
pr/ GeV Jet P (GeV)
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ﬂ Comparison of fit setups
| | \ |
KH Original publication
direct direct 2 mllnnclhnrwelzcgtlon
X* minimization 1 A A (fit of parabola to discrete ¥2 points)
DO +—=0o—
conventional 2 :
(log data — log theory) TeleliilEel
+ relative uncertainties + Nuisance parameters

conventional ¥
(data — theory) CMS

+ absolute uncertainties "
o “Ay2 = 417
linear : i Ax _+.1 :
error propagation nuisance parameters * subtraction in quadrature
« “offset” method
Could reproduce the original results with — Alpos. —i—

| | \ |
. e . . 0.115 0.120 0.125 0.130
Significant differences in procedures!

[ B o | experimental uncertainty Ols ( M Z)
+ neglected in naive combination of results

= develop unified fit procedure
[4] PDG, ChPC 40 (2016) 100001.

K. Rabbertz Birmingham, UK, 05.04.2017 DIS 2017 Workshop 8



\ Fitting framework: Alpos

New modular C++ based fitting framework
+ used for a_(M,), PDF, and electroweak fits within H1 and CMS

N, input format: experience with xFitter/HERAFitter

* Dataset 3 nested theory interfaces
Dataset 2

LHAPOFS B
D -
N/ D -

¢ ROOT::Fit::Fitter for s fits e QCDNUM E

minimization in Alpc}s
x2-like functions |[sd g CRunDec B

< derived from likelihoods
< multiple models of measurement

probability distribution [https://ekptrac.ekp.kit.edu/svn/Alpos]
K. Rabbertz Birmingham, UK, 05.04.2017 DIS 2017 Workshop 9



\ Fitting framework: Alpos
New modular C++ based fitting framework ~— E. Eren: CMS jet results, next talk

N
+ used for a_(M,), PDF, and electroweak fits withAin/H1 and CMS

N, input format: experience with xFitter/HERAFitter

2 ~— F. Olness: xFitter, tomorrow
* Dataset 3 nested theory interfaces
LHAPDFG <
fastNLO «—
e SRR
Ny ROOT::Fit::Fitter for o fits
minimization - leos amll QCDNUM B

x2-like functions |[sd ¥ CRunDec B

< derived from likelihoods
< multiple models of measurement

probability distribution [https://ekptrac.ekp.kit.edu/svn/Alpos]
K. Rabbertz Birmingham, UK, 05.04.2017 DIS 2017 Workshop 10



\ Unified fit procedure (1)

| | | T
-4 World Average [4]

KH Original publication
1 Unified method

theory predictions consistent (N)NLO

as(M;) extraction procedure direct x2 minimization

' 2 H1 ——
0 s conventional x ——t
x? definition E(FYRCEIER L RLERY
+ relative uncertainties DY N
(NLO) o

PDF and non-perturbative B o Aafinit -
uncertainties included in x2 definition OMS

additional uncertainty

PDF as(Mz) dependence on as(M,)

Results using unified fit procedure:

+ compatible with published values
PDF: MMHT2014nlo

——

within uncertainties | | | |
0.115 0.120 0.125 0.130

+ more consistent comparison
=0 experimental uncertainty as(Mz)

-+ simultaneous fit ——®— total uncertainty

(except scale)

K. Rabbertz Birmingham, UK, 05.04.2017 DIS 2017 Workshop 11



\ Unified fit result (1)

| | [ I
- World Average

1 Unified method
MM Combination

theory predictions consistent (N)NLO

as(M;) extraction procedure direct X2 minimization

. conventional X2 H1 ——i
P GLLLUCRY  (log data — log theory)
+ relative uncertainties {EE] : .

PDF and "0“;?1%2“;?3::;‘; included in y2 definition oS
——e—t-

additional uncertainty

PDF set+as(Mz) dependence

on a(M,)

Result of simultaneous fit:

[H1, DG, CMS] o
as (MZ) p— 0.1172(15)exp (14>theo W/O Scale | o PDF: MMHTZ2014nlo
I I I I
(50)8(:&16 0.115 0.120 0.125 0.130
> /ndf = 152/178 = 0.86
[Xmin/ 1l T / Y ] —o—i experimental uncertainty o 5( MZ}
————— total uncertainty
D. Savoiu, Master's thesis, IEKP-KA/2016-25, KIT (except scale)

K. Rabbertz Birmingham, UK, 05.04.2017 DIS 2017 Workshop 12



datasets

H1 Data NLO ® ¢ @ ¢ % D@ Run I e lyl<0.4(x32)
mer s e aane 8 > 0.4<l<08 (x16)
_ m 270< QP <400 GeV? j-s) & 5000 <Q < 15000 GeV =) -8_ L 0.8<|y|<1.2 (XB)
L O10°F  Inclusive Jat Dijst Trijet = o 1.2<lyl<1.6 (x4)
3 w0k - 2_" 4 1.6<lyl<2.0 (x2)
2w " . 2 £ 2.0<lyl<2.4
R . . A . o
a” 10f . * . -
3z Ok . . .
g U . o 15 s=1096TeV
| I : 10" E L =070 b
10% . ) ' -, = Regne = 0.7
10°F . ’ i cone -
w0 . S s —, — NLO pQCD
o = s - +non-perturbative corrections
10 ? 3 & .
e L . S & CTEQSSM 1_=p_=p,
710 2030 50 710 2030 5 7 10 20 30 10 75'0 6‘0 L ‘1(‘)0 2(')0 3(‘)0 460 ! 6(I)O
Pf‘ [GeV] (PT)2 [GeV] (F’_r):3 [GeV] S0
p_ (GeV)
13
10 L ' CMIS ' ® Iyl <05 (x10%) _
11 O 05<lyl<10(x10®) _]
—_ 10 L Vs =7 Tev B 10<lyl<15(x10?) ]
> L L=50fb" O 15<lyl<20(x10") _|
& . antir-k,R=07 v 20<lyl<25(x10°) ]
'8. e T i
- F = L —
o - 'e'_e_ -, —
% E=g ks e, ."'1- |
Cr R ey Teg Yo -
3 = g, e,
a” 107 T T, Tmy O, e =
- | "'+ E"E‘ .'.. S, '.. _
~— [ ]
© = —
N — —
© s =
107 =
108 Mo P v ]
. —— NNPDF2.1 @ NP Corr. _
| | | | | | L1 | |
200 300 1000 2000

Jet P, (GeV)
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more datasets

11 Data NLO ® ¢ @ ¢ % 107 D@ Run Il s lyl<0.4 (x32)
B g R 8 1o > 0.4clyi<08 (xi6)
_ ® 270<Q? <400 GeV2 =gy & 5000 <Q? < 15000 GeV? =g -8_ 105 \.\.\k L 0.8<|y|<1 2 (XB)
L 10°E  Inclusive Jet Dijet Trijet - o 1.2<lyl<1.6 (x4)
E . 4
S b . 1o 3 i ens - © 1.6<lyl<2.0 (x2)
2 1ol ., . . ) .'5:10 - K, D07 2.0<lyl<2.4
™ gef . . - “>'~ - —=— CDFdata(L=1.01")
- 105 B . ° ) O 10" - Systematic uncertainties
5 F ] ° ° 0] - —e— NLO: JETRAD CTEQ6.1M
G 1E ¢ o * = - corrected to hadron level
- . 4
:; 107E = " -g 10| %ﬁl-:_," Mp=pp=maxpy /2=y,
© o2k " . - . . —_— - ~#1 . ---- PDF uncertainties
o - o !: _ 10 :_ “%.-I* ‘H'?.:‘ .
ZEUS L — WF—.—J R *
— S | T I T T — T3 — [ =
> E l P £ ' 17 02 Ty el y*T1<0.1 (x 10°
e E ® ZEUS (82 ph ™) E 3 10%F ey, e, WTI<01(109
D S W e - — - s \
i - inclusive jets E E = - e Rz
2 r i P 10° " Lt 0.1<ly"™"1<0.7 (x 10° : 0 ac
= 1 F 3 4. L ".. e S A (x10%) 300 400 600
.‘EP = E = I~ l"“ﬂ\ e
[a} 1 ) sF - S '=5!='| = P, (GeV)
= 10 3 =0 10° ‘il"\ __;._,\ 0.7<ly" I<1.1 13
[<] E E 3 — - (== 10 E T T — T " —
= 1wtk a T S i o = O 11<y" k16 (< 10%) — cMmSs ® lyl<05(x107) -
= 125<Q7<250GeV E 250<Q’<500Gev'  F q0ME S 10"E O 05<lyl<10(x10°) _]
1 I ' ———+ = N . L Is =7 Tev B 10<lyl<15(x10%) |
F jet energy scale E 1 10MmE 1.6<ly"T1<2.1 (< 10%) L L=50fb" 0 15<lyl<20(x10') ]
0 = uncertainty E = o b by b bovan by v aa baa | anti-kTRZO'T v 2.0<Iy|<2.5(x100) |
- = 3 —+ -
e & i : 0 100 200 300 400 500 JEG'EO 700 107 Ze.-.-'.'-.- -
E E 3 | == - ]
N ; : pr [GeVic] LT e e, =
10 - . g Te, Te, -
E E E o) Ty e Te Te, ]
a2 E E B =, g Teo, Ve,
10 500 <Q% < 1000 GeV? E 1000 < QF < 2000 Gev?® 5 CJ.|_ 103 = -E-'E"-El- .'l'. eeee"'o B
E h - ’y & E T 3 | i IF >, |
E——————— LSS 3 - “u o, :
E £ NLO(CTEQ6) 3 Nb — =
0 F 3 ui=ERY 3 © "l B
g 3 A ] 107 =
i b [, momiug=gr ] — -
g ; ; """ Hz=Q’ + (Erp) E - ~
u 3 § E 10‘5 __ “R= l'lF= pT — v - __
10 L . N - ] | —— NNPDF2.1@ NP Corr. _
E 2000 < Q7 < 3000 GeV™ = Q7 = 5000 GeV™ 3 r | | | Lo L]
N TN [N RS SIS N U TN M NN N [N S S T S
200 300 1000 2000
20 40 20 44

EXa(GeV) Jet P, (GeV)
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Add more datasets

mf;?»mcr2 200 GeV* O 400 < Q% < 700 GeV* NLcuNIt_O -9.:::: ﬁf:‘ % 107 DO Run ll * |y|<0.4 (XSE)
o 200202:270(3:\122:?: N 70020225000 c:evg;ljm MSW?;JD‘;I% e Q ‘]06 o 0-4<|y|<0-8 (X1 6)
_ ® 270<Q? <400 GeV2 =gy & 5000 <Q? < 15000 GeV? =g -8_ 105 \.\.\k L 0.8<|y|<1 2 (XB)
L 10°E  Inclusive Jet Dijet Trijet - o 1.2<lyl<1.6 (x4)
E . 4
S b . 1o 3 B - © 1.6<lyl<2.0 (x2)
'E;_ 103;— . . ) - 510 F K; D=0.7 2.0<lyl<2.4
™ok . ] . -~ —=— CDF data(L=1.01")
- 105 o 108" T T tror L L L Systematic uncertainties
s W . (a) — = NLO: JETRAD CTEQ6.1M
g 1€ . * 107 corrected to hadron level
3 TR ] b=t~ 2,
S o2k ° . ° %‘1 o F:]i-p Jeé +V | B, —--- PDF uncertainties
° E =200 Ge E = =
(& = . . - i
}a = midpoint-cone - " =
5 =] s Sy -
e E :1 0 rcone:()-4 = [ = _—
s 3 s E 0.2<1<0.8 E T e, WT01(109
2 1w r i 510°E = “ony, \
-g* E = = g = T=‘3 I L I I
— 5 B 7 __ 0.1<ly” 1<0.7 (x 10°) 300 400 600
| ko] | S
g2 1F = 10° o e S
—l'i[]- i g ; 10 FT ] T T T L T — pT (GeV)
= 10 3 102_. ) — anti-k, jets, R=0.6 ATLAS 4
L S F F —5— Combined MB (O 107F |[Ldt=asmd, ¥s=7Tev ® <0510 = ' CMIS " e lyl<05(x10%) ]
2 [ — — — «1.0(x10% 3 B -
07 s<q 4 _ 5 c © 05<l<10607) 7 O 05<lyl<1.0(x10°) ]
E —e— Combined HT o 1 04 L B 1.0<lyl<15(x10% ] \{g -7 TeV ) -
e————+ Pl L ®ee, o = B 10<lyl<15(x10%) ]
E ) E L 3PS O 15<|yl<20(x107) 3 4 : -
i jel ene 1= —— NLO QCD (Vogelsang) % 1oF -..... 4 20<ll<250 107 L=501b 0O 15<lyl<20(x10") _|
- E o 0= . — . _ 0 E
1o E um - | | | — = 9064 oo .0..... A 25<ly]<30(<10™) = anti-k. R=0.7 v 20<lyl<25(x107) |
" o e IS};stlerr;atiC IUnlu _\% 102 :: . OOOOOOOO "'o...... :: —
i E 2 s Theory Scale Ly — ey - ® — ~
10 L < - {00k Sug ) - =
E :: frrerrire T g ] il = 5 .l... o i ]
. 3 B o “Bag, "'-..... —— .
2 © = = — —
10 s0<q B 10 R S DDDDDD L — |
ooy oo Lo & L I I — & A — ~
SR 10 20 30 10" ‘u“‘ E\qjctb - - -
= A A =] — _
[ Ja & 1 ]
0 g ; PRTWTB g 10ME . T ., & = =
- F iy -2 ] == Systematic A —
1 F = P;_ Q ] 17E uncertainties A/—\ - — -
E E Siualy 3 e A — _|
IU-l F Y S He=Q + (Eqg) ] 10 = NLOJET++ (CT10) x A — T
L L o = Non-pert. corr. x EW corr. — _ _ =
E £ E 20 g H=un=p —
T & F E 10 ¢ | I ! Lol I 5 R F T —v— =
n L 3 . s 5 | 2 3 —— NNPDF2.1 @ NP Corr. -
= 2000<QP<5000GeV: E Q75000 GeV’ 3 10 10 , L L
C1 T ! L 1 L L ]
e : - : p_[GeV] 200 300 1000 2000
20 40 20 40 T

EXa(GeV) Jet P, (GeV)
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\ Add more datasets

Definition and kinematic range of inclusive jet data sets

Data NE) L No. of jet algorithm pr-range Other kinematic ranges
|TeV| |fb~!]  points |GeV]|

150 < Q% < 15000 GeV?
H1 |2 0.319  0.35 24 ki (R=1.0) 7 < pr < 50 0.2 < ypis < 0.7
jet
1.0 <y, <25
Q2 > 125 GeV?2

ZEUS [4] | 0318 0.082 30 ke (R=1.0) Er > 8 | cosya| < 0.65
—2.0 <7l < 1.5

STAR[7] | 020  0.0003 9 midp. (R=0.4) 7.6 < pp < 48.7 0.2 <75 <08
CDF [5] 1.96 1.0 76 ke (R—0.7) 54 < pp < 527 ly| < 2.1
DO 1] 196 0.7 110 midp. (R=0.7) 50 < pr < 665 ly| < 2.0
ATLAS [6] | 7 4.5 140 anti-ke (R=0.6) 100 < pp < 1992 ly| < 3.0
CMS [3] 7 5.0 133 anti-ky (R=0.7) 114 < pr < 2116 ly| < 3.0

[1] DO, PRD 80 (2009) 111107, [2] H1, EPJC 75 (2015) 65,

[3] CMS, EPJC 75 (2015) 288, [4] ZEUS, NPB 765 (2007) 1,

[5] CDF, PRD 75 (2007) 092006, [6] ATLAS, JHEP 02 (2015) 153,

[7] STAR, PRL 97 (2006) 252001.
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N

Original fit procedures

T T T T .
Fit method: H1 * MSTW Fit method: DO  MSTW Experimental
H1 (HERA-II) = H1 (HERA-II) o g uncertainties
ZEUS (HERA-I) ., ZEUS (HERA-)) e, only
STAR — e . STAR ——
CDF (Run-It) o CDF (Run-Il) Y
DO (Run-I) e DO
(Run-I1) —e—
ATLAS (7Tev) o ATLAS (7 TeV) HH'.?;.
CMS 7 Tev) B as CMS (7 Tev) H
World average [2017] - World CannOt be fltted
T orid average [2017] -
o4 oA 012 01 T for these PDFs
o (M,) 01 011 0.12 0.13NI with this method
Application of different fitting methods o5 (M,)
_ - —
HT [ g Fit method: CM S o STW
ZEUS : 2 = H1 (HERA-II .
J. Dand ZEUS (HERA-I) =,
— STAR 14 13 0.9 — J. an Oy: STAR ‘
O . —C——i
E CDF =41.5 ﬁl'l_'LAS 8'I_'eV jets, CDF (Run-Il O
< is session DO Run-ll)
DO B ATLAS (7 TeV) o1
ATLAS “~ Not really new: CMS (7 Tev) e
CMS D 0.5 QTLA? f?t TeV" World average [2017] -
n I W L I | I | | —— Ll
H1-type  DO-type CMS-type o no © 01 01T 012 013
Fitting method for any method o, (M)
K. Rabbertz Birmingham, UK, 05.04.2017 DIS 2017 Workshop 17



\ Unified fit procedure (2)

o, fit using different PDFs

I2

H1 0.89

ZEUS
— STAR 12 13 13 12
o - 115
© CDF 0.81 18 0.3 0.7 ’
(DU L
DO 083 16 089 085
1
ATLAS
CMS 0.63 083 | 0.81 05

CTi4 HE*?AQ OMMHT NNPD/:30

PDF set

Same issue with ATLAS 7 TeV here
— final result without

Assumed correlations between datasets:

experimental: uncorrelated
theoretical: correlated

K. Rabbertz

Experimental & total uncertainties

H1 (HERA-II) | | — :| |
ZEUS (HERA-I) | o
STAR : .

CDF (Run-1) —e

DO (Run-II) —e
ATLAS (7 Tev) o4
CMS (7 Tev) o

Common fit (excl. ATLAS)

B

World average [2017] -

Birmingham, UK, 05.04.2017

0.1 0.11 0.12 0.13
ocs(l\/lz)

DIS 2017 Workshop 18




\ Unified fit result (2)

o, fit using different PDFs

H1 I T T T | T L
ZEUS H1 (HERA-II) —e—i
= STAR ZEUS (HERA-)) —e—i
T CDF STAR : .
O DO CDF (Run-1) —e
ATLAS DO (Run-II) —e
CMS ATLAS (7 TeVv) o
CT1g MRy, Mty vapopao CMS (7 TeV) ——t
PDF set
Common fit (excl. ATLAS) —+re+——
g (Mz) — 0.1187(:|:12)exp (:|:5)NP
+18 +11
(£6)ppF (73" )PDFset (s )PDFa. ‘WOﬂd average [2017] -
_|_59 o e
(—38)80&16 0.1 0.11 0.12 0.13
# Olg (IVIZ)

K. Rabbertz Birmingham, UK, 05.04.2017 DIS 2017 Workshop 19



\ Summary & Outlook

@ Reproduced published a_(M,) fit results exactly

@ Developed a unified, more robust fit procedure

@ Implemented in flexible way within Alpos project | |[https:/ekptrac.ekp.kit.edu/svn/Alpos]

@ Open for further participation

@ Use better theory, in particular NNLO

@ Add further datasets & observables

@ Perform phenomenological studies on correlations, scales, NP

corrections, ...

Thank you for your attention!
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\ PDF dependence

¢ NN3.0 0 CT14 O HERA2 A MMHT]

H1 (HERA-I) mf |

ZEUS (HERA-I) 0 ®

STAR OA m O

CDF (Run-lI) - 0
DO (Run-lI) o/ O
ATLAS (7 TeV) Jiol

CMS (7 TeV) WO A

Common fit (excl. ATLAS) O

World average [2017] -
| | L1 1 | ‘ L1 1 | | L1 1 | ‘ [
0.1 0.11 012 0.13

Olg (IVIZ)
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Al Additional “PDF” uncertainties

m additional PDF-related procedural uncertainties arise in addition to “PDF

uncertainties” themselves:

(1) choice of PDF set
@ choice of ag(Mz) assumed when fitting PDF

MSTW2008nlo
CT10nlo

MMHT2014nlo
CT14nlo
0.116 ag(Mz) =0.118 0.120

D

vary PDF set
(discrete)
— “PDF set
uncertainty”
6 - (max) a(smm)
procedural — >

vary ag(Mz) within PDF set
(discrete, +0.002)
— “PDF ag(Mz) uncertainty”

K. Rabbertz Birmingham, UK, 05.04.2017
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\ Method comparison

H1 fit methodology Y21 — Z;‘j(ln mi — In rf)[vt_rejl}]g(ln m — Int)
m iterative x2 minimization (MINUIT)

m determine central value with experimental uncertainties only
m assume PDF without as(Mz) dependence; use MSTW2008nlo with as(Mz) = 0.118

m additional theory uncertainties: , PDF, PDF as(Mz), PDF set, w,,

m obtained through additional fits / linear error propagation

1t 4y éj{fPDFJ(a}PDF)J 2
DO fit methodolo 2 e %)
gy XDE _> ZI UJ?STEH_FU}?UHCO[F
m iterative x“ minimization (MINUIT)

m one nuisance parameter for each PDF eigenvector and
m interpolate cross section predictions obtained for PDFs assuming different values of
QS(MZ)

m aNNLO (NLO predictions with threshold corrections + NNLO PDFs)
m 88 out of 110 data points excluded < correlations with MSTW2008 PDFs
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\ Method comparison

Xems — 2 y(Mi — t)[(Vexp + Veor) ™', (m; — 1)

CMS fit methodology

m x° is evaluated for each PDF in an as(Mz) series

>
g

w resulting (x?, cs(Mz)) points are assumed to lie on
a parabola

a fit of second-degree polynomial function — central best a(Mz)
value and uncertainty on ag(Mz)

m PDF: CT10nlo (results are also provided for MSTW2008
and NNPDF21)

PDF as(M7)
N obtained by performing additional

fits with correlated variation of theory

Fit methods differ significantly!
— “naive” combination of results (weighted average) not very conclusive

— need to extract as(Mz) using measurements from all experiments in a
unified fit procedure
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