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Motivation for ePump

« UpdatePDFs:

With many data sets and NNLO calculations, global
fitting can be time consuming.

. Need for fast and efficient method to estimate effects of new data
before doing global fit.

. Can estimate effects of different data set choices in real time.
e OptimizePDFs:

Experimental analyses may require many MC
calculations, using PDF error sets. Again, it’s time
consuming.

- Optimize Hessian error PDFs to the observables, so irrelevant error

PDFs may be discarded, while PDF-dependence is still maintained to
desired precision.



Hessian Updating

PDF parametrization f(x,Q,Z): (parameters Z)
best-fit: f°=f(x,Q,0) , error PDFs: f“'=f(x,Q;+e')
Updated Chi-square function :
AX(Z)=A x4 (Z)+(X o= X (2))C oy X~ X 4(2))
Hessian approximation :
Ax..(Z)=T?Z*> (T = tolerance parameter)
X,(Z)=X,0)+AX,Z with Axgzl(xa(w)"—xa(—e)")

2
Minimize to find new best fit:

Zi,=(1+M) A with A'==(X:-X,(0))C AKX,
Mi=1ax C.sAX)

T a~apf



Updated PDF set

New best-fit PDF : [ 2ew:f "+A-Z

+lr 1 r
New error PDFs :  f~"'=f%,, =+ ()Af°U()
VI+AY

where A and U are the eigenvalues and eigenvectors of matrix M

Example:

Best choices for Af within the linear approximation
Dynamical tolerances : +e' —)(Tii/ T) e

Inclusion of diagonal quadratic terms in expansion of X a(Z )
Direct update of other observables :

Y) =Y'+AY-Z AY|=AY-(1+M) "-AY

new ~



How to use ePump

@0 @ | FUllCTT4HERAZ.in —
+++ N{EV pairs) Ni{Data Sets) PDFtype(C/L/N)  Dyn_Tol?i¥/N) Tol sguared
27 33 C lee.8

+++ ObservableFile N{Observables) DataZ(Y/N) Error_type Weight
CT14HERAZex/tabs/E168.IT1363 1128 ¥ 1 1.8
CT14HERAZex /tabs/E101.If1363 337 Y 1 1.8
CT14HERAZex/tabs/E102.IFf1363 258 Y 1 1.8
CT14HERAZex/tabs/E104.If1363 123 ¥ 1 1.8
CT14HERAZex /tabs/E1BB.If1363 B85 Y 1 1.8
CT14HERAZex/tabs/E1B0.IFf1363 96 Y 1 1.8
CT14HERAZex/tabs/E118.If1363 1] ¥ 1 1.8
CT14HERAZex /tabs/E111.If1363 BB Y 1 1.8
CT14HERAZex/tabs/E124.1F1363 38 Y 1 1.8
CT14HERAZex/tabs/E125.If1363 33 ¥ 1 1.8
CT14HERAZex /tabs/E126.1Ff1363 48 Y 1 1.8
CT14HERAZex/tabs/E127.1Tf1363 38 Y 1 1.8
CT14HERAZex//tabs/E147.I1T1363 47 Y 1 1.8
CT14HERAZex /tabs/E145.IF1363 i@ Y 1 1.8
CT14HERAZex/tabs/E1609.IFf1363 g Y 1 1.8
CT14HERAZex/tabs/E201.IT1363 119 Y 1 1.8
CT14HERAZex /tabs/E203.IFf1363 15 Y 1 1.8
CT14HERAZex/tabs/E204.I1F1363 184 Y 1 1.8
CT14HERAZex/tabs/E225.1F1363 11 Y 1 1.8
CT14HERAZex /tabs/E227.ITf1363 11 Y 1 1.8
CT14HERAZex/tabs/E234.I1T1363 g Y 1 1.8
CT14HERAZex /tabs/E260.I1F1363 28 Y 1 1.8
CT14HERAZex /tabs/E261.IT1363 20 Y 1 1.8
CT14HERAZex/tabs/E267.I1Tf1363 11 Y 1 1.8
CT14HERAZex/tabs/E26B.IT1363 41 Y 1 1.8
CT14HERAZex /tabs/E240.IT1363 14 Y 1 1.8
CT14HERAZex//tabs/E241.1F1363 5 Y 1 1.8
CT14HERAZex/tabs/E281.If1363 13 Y 1 1.8
CT14HERAZex /tabs/E266.IT13E63 11 Y 1 1.8
CT14HERAZex//tabs /ES04. 11363 72 Y 1 1.8
CT14HERAZex/tabs/E514.IF1363 118 Y 1 1.8
CT14HERAZex/tabs/E535.I1F1363 o Y 1 1.8
CT14HERAZex/tabs/E53B.IT1363 133 ¥ 1 1.8

+++ PDFin PDFout
PDFs/CT14HERAZex/TT1363  CT14HERAZ2ex/PDFtmp/T1363

“.In"” file



How to use ePump

@0 @ .0 ‘
+++ N{EV pairs) f- DRS15 electron charge asymmetry from W decays from D@ Run-2 8.7 fb*-1 (1412.2862)
27 . w Easy for electron Et=25 GeV and neutrino Et=25 GeV; sqrt{S}=196@ GeV, uncorrelated

+++ ObservableFile 4+ MG15 NLO & NNLO ratios K(Ww-)/K(W+) for CT14 NNLD. normalized to CT-package LO: + th
CT14HERA2e:<,"tabs.fE1EuB.If136d* 3 MNormErr,# of corr_err, Ecm, M_W, METmin
CTl4HERﬁ2EXf’tab5.#'E131.If1353_* 8.0 & 106@. B€3BEB """ :?5(33 """"""
CT14HERAZex/tabs/E182.111363 & c.:f corr_err ' Da.ta Column StatErr Column UncSys Column corr_err Col
CT14HERAZex/tabs/E1R4.If1363 2 =7 e ' 4 ' 5 P Y3 7 P R g
Eﬁjngﬂgzzﬁ:gzjgggﬂggj ymid pTeMIN pTeMAX  Easy StatErr TotSys UncSys lob e@l%  eB4% e85%  e@6
CT14HERAZex/tabs/E110. Tf1363 B.1 25.8 0O.BRE+8Z 0.821 p.BaRlz @.00811 B.peee 2 B,209 .14 ©.1% 1.33
CT14HERAZEx/tabs/E111. 1363 B.3 25.8 O.BRE+R2 B.0523 B.2p11 o.0014 g.aeds 2 B.11 B.34 .52 1.43
CTl4HERA2ex£tabs,.’E124:If1355 B.5 25.8 O.BRE+RZ2 @.0916 B.2R11 @.8018 g.aea7 2 B.13 B.27 B.38 1.15
CTL14HERAZex/tabsE125. 11363 B.7 25.8 0O.BRE+RZ2 @.1197 B.BB11 @.8825 B.gga7T 2 B.86 .26 ©.41 1.1
CT14HERA2ex,ftabs.fE126:If135§ B.9 25.8 O.BRE+R2 B.1452 B.2R12 0.8832 g.apps 2 B.08 B.25 ©8.37 1.18
CT14HERAZex/tabs/E127.IF1363 1.1 25.8 O.BRE+R2 B.1559 B.0R18 ©0.0041 g.apl1z 2 8.6 B.24 B.35 1.55
CT14HERAZex/tabs/E147. 11363 1.39 25.8 0O.BRE+R2 @.1537 B.BR6T @.8851 g.aple 2 B.82 B.25 B.38 2.867
CT14HERAZex/tabs/E145.IF1363 1.7 25.8 O.BRE+RZ2 B.1108 B.BB31 @.0040 g.egle 2 B.1@ B.2 B.31 3.B6
CT14HERAZex/tabs/E160. 11363 1.9 25.8 O.BRE+R2 B.066G B.2120 0.8853 p.ap27 2 B.51 B.88 ©.15 6.32
CT14HERAZex/tabs/E281. 11363 2.1 Z25.0 O.BRE+@2 -8.8155 B.BR53 @.8861 g.ep4e 2 2.39 B.26 B.45 21.48
CT14HERAZex/tabs/E203. 11363 2.3 25.8 O.BRE+@Z -B.9997 B.pR71 @.00BE B.ag77 2 B.19 B.82 B0.85 3.41
CT14HERAZex/tabs/E284. 11363 2.54 25.8 0O.BRE+RZ -8.191e p.aR4l @.8116 B.glaz 2 B.11 .15 @.25 2.22
CT14HERAZex/tabs/E225.1f1363 2.92 25.@2 0O.BRE+R2 -0.3097 B.2Rod 0.8223 g.a21p 2 B.81 B.2 B.33 08.87
CT14HERAZex/tabs/E227.IT1363
CT14HERAZex/tabs/E234.IT1363
CT14HERAZex/tabs/E260.IT1363
CT14HERAZex /tabs/E261.IT1363
CT14HERAZex/tabs/E267.IT1363
CT14HERAZex/tabs/E268.171363 A4 124 .
CT14HERAZex /tabs /E240.IT1363 . ata e
CT14HERAZex/tabs /E241.IT1363
CT14HERAZex/tabs/E281.1If136 13 ki 1 1.8
CT14HERAZex /tabs/E266.IT13E63 11 Y 1 1.8
CT14HERAZex//tabs /ES04. 11363 72 Y 1 1.8
CT14HERAZex/tabs/E514.IF1363 118 Y 1 1.8
CT14HERAZex/tabs/E535.I1F1363 o Y 1 1.8
CT14HERAZex/tabs/ES3B.IT1363 133 Y 1 1.8

+++ PDFin PDFout
PDFs/CT14HERAZex/If1363  CT14HERAZex/PDFtmp/If1363

“.In"” file



How to use ePump

L EOK ] ) O - ‘
+++ N{EV pairs) f- DRS15 electron charge asymmetry from W decays from D@ Run-2 8.7 fb*-1 (1412.2862)
27 . w Easy for electron Et=25 GeV and neutrino Et=25 GeV; sqrt{S}=196@ GeV, uncorrelated
+++ ObservableFile 4+ MG15 NLO & NNLO ratios K(Ww-)/K(W+) for CT14 NNLD. normalized to CT-package LO: + th
CTHHERAZE”H“!EIE'B'Iﬂjs‘* 3 MNormErr,# of corr_err, Ecm, M_W, METmin
CT14HERAZex/tabs/E101. 11363, @.0 6 "1960. BF 3oER - 35d0 |
CT14HERAZex/tabs/E102.1f1363 T ' y
CT14HERAZex/tabs/E104. If1363 # of .c“o“rlér___g.r”r. , Data Colugn, StatErrSColumn, UncSys Cglumn, carr_err gol
E$$j:§:i§exj§agsjgigg-%i}ggf ymid pTeMIN pTeMAX  Easy StatErr TotSys UncSys lob e@l%  eB4% e85%  e@6
Bx/tabs . 38.1 25.8 O.BBE+B2 @.021 ®.8812 @.8011 9.0806 2 6.20 B.14 8,15 1.33
CT14HERAZex/tabs/E110.171363 o3 52°0 2 oarrer o0
CT14HERAZex/tabs/E111.1f1363 o'c  52°0 o por :
.. . LBRE+B2 0. :
CT14HERAZex/tabs/E124.IF1363 0 52's g ape.pz p.1* DATA SET 2B1 ; NORM Fac = 1.80000 ; # of pts = 13 ;
0. . . . D
CT14HERAZex/tabs/E125. 111363 « R 2, rik)] = 4,034 9,118 ©.881 B.060 -2.286 8.
.9 25.8 O.BPE+B2 8.1
CT14HERAZex/tabs/E126.I1f1363 i ¥ 0 Rs Exp Th. /Norm
1.1 25.8 O.BPE+B2 8.1 Exp
CT14HERAZex/tabs/E127.1f1363 Theory Column
1.38 25.8 0O.BPE+B2 0.1
CT14HERAZex/tabs/E147.171363 ;'3 22700 o nvos o 5
CT14HERAZex/tabs/E145.IF1363 ' b - "Y1 Data : If1363.08@.dta
31.9 25.8 O0.BRE+R2 O.d : - 00.
CT14HERAZex/tabs/E160.IF1363 ;"0 S-'p o oo ps  _p1.0@@E-@1 B.@39E+01 1.96QE+@3 2.100@PE-02 1.93536E-82
3 2. . ] .
CT14HERAZex/tabs/E2R1.IT1363 5°5  So'p o pac.ps  _p 3.00@E-@1 B.@39E+@1 1.96RE+@3 5.230@PE-02 5.53540E-82
jz. . ] .
CT14HERAZex/tabs/E203.111363 _a|5.P0RE-B1 B.@39E+B1 1.96@E+B3 O,16P@RE-82 9.12121E-B2
CT14HERAZ bs/E284.Tf1363 2+2%4 23.0 9.BBE+B2 -0,
ex/tabs/ . 3592 35.8 o.8PF+p> —p 7+@0RE-01 B,039E+P1 1.96@E+@3 1,197@80E-01 1,22085E-81
CT14HERAZex/tabs/E225.111363 5,PPPE-B1 B.P3IBE+B1 1.096PE+@3 1.452PPE-81 1.47812E-81
CT14HERAZex/tabs/E227.111363 1.10BE+@@ B.B3I0E+P1 1.96BE+P3 1.5500PE-B1 1.62548E-91
CT14HERAZex/tabs/E234. 171363 1.30DE+P@ B,.P30E+P1 1.96PE+P3 1.5370PE-01 1.6279BE-01
CTl4HERﬂ2&KftEb5fE?53-If135§ 1.700E+0@ B,030E+P1 1.06PE+P3 1.10PPPE-01 1.26935E-01
CT14HER/LZex/tahs/E261. IT 1463 1.900E+0® B.030E+P1 1.06PE+@3 6.G6@PRE-82 7.50711E-82
CT14HERAZEKftabe525?-If135; " ” J2.18PE+@@ B.830E+B1 1.06BE+B3 —1.55PPPE-BZ 2.17415E-83
CTHHERPQE**’“WEZE'B-If135; data ﬁ2.3BBE+BB B.B30E+P1 1.96PE+@3 —9,97PPBE-B2 —-9.2B367E-B2
CT14HERAZex/tabs/E240. 111363 . 2.540E+P® B.P39E+@1 1.96PE+@3 -1.918BPE-81 -2.23BB4E-B1
CT14HERAZex/tabs/E241.171363 2.020E+00 RB.D3IDE+A1 1.06PE+B3 —3.007@B0E-081 -4.31176E-01
CT14HERAZex/tabs/E281.1F136 Data : TF1363.81.dta
CT14HERAZex/tabs/E266.171363 1.000E-81 B.@39E+B1 1.06BE+@3 2.1PPRBE-02 1.0RORBE-B2
CT14HERAZex/tabs/E584.111363 3.P0RE-81 F.@30E+P1 1.06BE+@3 5.23PROE-02 5.6352BE-B2
E$$j:§:i§exft355552;g-%:1;2; 5.@0RE-81 R.B3I0F+P1 1.06BE+@3 O.1GPROE-02 O.2R1TRE-B2
CT14HERA2EK;tabS§E53B-If1363 7.000E-81 B,030E+P1 1.06PE+P3 1,10970PE-01 1.24136E-01
e PDFEﬁ tabs S out 0.@PBE-#1 B.03IVE+P1 1.96BE+P3 1.452PPE-B1 1.49556E-01
1.10DE+P® B.P30E+@1 1.96@E+B3 1.550BPE-81 1.65373E-B1
PDFs/CT14HERAZex/I1363  CT14HERA2ex/PDEtM/IT1363  |1'350r.0p B.039E+01 1.960E+D3 1.53700E-01 1.63749E-01
1.700E+0@ ©.039E+21 1.96@E+@3 1.10@B0E-81 1.29627E-81
1.000E+0@ £.039E+21 1.96PE+03 6.66BBBE-82 7.82553E-82
2.100E+P® B.P39E+@1 1.96PE+@3 -1.558BPE-82 3.BB933E-B3

n” file “.theory” file



How to use ePump

L EOK ] ) O ‘
+++ N{EV pairs) f- DRS15 electron charge asymmetry from W decays from D@ Run-2 8.7 fb*-1 (1412.2862)
27 . w Easy for electron Et=25 GeV and neutrino Et=25 GeV; sqrt{S}=196@ GeV, uncorrelated
+++ ObservableFile 4+ MG15 NLO & NNLO ratios K(Ww-)/K(W+) for CT14 NNLD. normalized to CT-package LO: + th
CT14HERAZon taba/Er0n. T11363% 2 : NormErr,# of corr_err, Ect, MW, METmin
CTHHERAZE”“M”EMZ'Iﬂ353* #aclni corE ejr-Er)E‘a. B[JE,E;tBaBEIZBc:'Lumznsn:“a StatErr Column UncSys Column corr_err Col
CT14HERAZex/tabs/E184.If1363 = =~ === rmealele ’ . < PRk ¥3. 7 P RRLLeRLL 9
E$$j:§:i§exj§agsjgigg-%i}ggf ymid pTeMIN pTeMAX  Easy StatErr TotSys UncSys lob e@l%  eB4% e85%  e@6
CT14HERA22:Kt:b§fE113-If136; 8.1 25.0 O.BRE+@2 @.021 ®.8812 @.8011 9.0806 2 6.20 B.14 8,15 1.33
CT14HERAZex/tabs/E111. 11363 g'g gg'g g'gggigg g'
CT14HERAZex/tabs/E124.IF1363 .° ) ) "4+ DATA SET 2B1 ; NORM Fac = 1.8008B ; # of pts = 13 ;
CT14HERAZex/tabs/E125.11363 0-7 230 9.BOE+B2 0.3 o r(k) =  4.934 0.110 0.081 0.060 -2.206 @
CT14HERAZex/tabs/E126. 11363 -0  25-8 9.B0E+82 0.7% v ) . ’ ) b 7
CT14HERAZex/tabs/E127.1f1363 L+~ 23.8 9.BBE+02 @. #h Y[ 1 ® Rs kxR, Th-/Norm
CT14HERAZex/tabs/E147. 111363 %'?9 gg'g g'gggzgg g' Eory5 o
CT14HERAZex/tabs/E145.IF1363 " ) - "] Data : If1363.00.dta
CT14HERAZex/tabs/E168.Tf1363 1+  23.2 O.BRE+02 Q. N _ _
2.1 25.89 0.8PE+p2 -p/l-P0RE-@1 B.839E+01 1.95RE+@3 2.100@0E-02 1.93596E
E$$i:§:ﬂ§ex;t325jggg;-%i}ggg 3.3 95.8 O.RBE+p? _p, 3-@PRE-81 B.@39E+@1 1.96BE+@3 5.230@PE-02 5.53540F-
ex/tabs " k| " " " =
CT14HERAZex/tabs/E204. 11363 g'g; gg'g S'ESE+S§ ]
CT14HERAZex/tabs/E225.1f1363 < . « BGEH 7 . L
CT14HERAZex/tabs/E227.If1363 -fh‘Lr‘fLﬂ‘ﬂﬂtEPDFE CT14HERAZ e/ FUullCT14HERAZ
CT14HERAZex/tabs/E234. 11363
CT14HERAZex/tabs/E260. 171363 1.7BBE+2B B.D3BE+P1 1.096BE+RA3 1.18BBBE-B1 1.
(T14HER/LZex/tahs/E201. IT 1463 1.0900E+0@ B,830E+@1 1.960E+B3 6.G56BODE-02 7.
CTANERRZex/rabs/E26T. IT138Y y) g2-100E+@0 B.@39E+01 1.96BE+D3 -1.55000E-02 2.
CT14HERAZex/tabs/E268. 171363 data f2.3EIBE+BE! B.030E+01 1.96@E+D3 -5.97PBOE-02 -9.28367E-82
CT14HERAZex/tabs/E240. 111363 . 2.540E+P® B.P39E+@1 1.96PE+@3 -1.918BPE-81 -2.23BB4E-B1
E$$i:§:ﬁ§sz§::§zﬁggg%-§$1§g~ 2.020E+00 RB.D3IDE+A1 1.06PE+B3 —3.007@B0E-081 -4.31176E-01
- Data : If1363.01.dta
CT14HERAZex/tabs/E266.171363 1.000E-81 B.@39E+B1 1.06BE+@3 2.1PPRBE-02 1.0RORBE-B2
CT14HERAZex/tabs/E584.111363 3.P0RE-81 F.@30E+P1 1.06BE+@3 5.23PROE-02 5.6352BE-B2
E$$j:§:i§exft355552;g-%:1;2; 5.@0RE-81 R.B3I0F+P1 1.06BE+@3 O.1GPROE-02 O.2R1TRE-B2
CT14HERA2EK;tabS§E53B-If1363 7.000E-81 B,030E+P1 1.06PE+P3 1,10970PE-01 1.24136E-01
e PDFEﬁ tabs S out 0.@PBE-#1 B.03IVE+P1 1.96BE+P3 1.452PPE-B1 1.49556E-01
1.100E+PR B.P30E+@1 1.06PE+B3 1.5508PE-81 1.65373E-81
PDFs/CT14HERAZex/IT1363  CT14HERA2ex/PDEMp/IT1363 ) 35pF,pp g.030E+01 1.0960E+B3 1.53708E-81 1.65749E-91
1.700E+B@ RB.D3IDE+A1 1.0GPE+B3 1.10@BPE-81 1.29627E-81
1.00@E+PA B.P30E+A1 1.06BE+@3 6.66PBPE-82 7.B2553E-02
2.100E+P@ B.®3DE+@1 1.06PE+B3 —1.55@BPE-82 3.BBO33E-03
i 144 ﬁ I
.in” file “

.theory” file

Updated best-fit
and
Hessian Error PDFs

A few seconds
later...




Test 1: CT14HERA2 minus Jets

« Remove all CDF, DO, Atlas7, CMS?7 jet data from CT14HERA?2 and

refit => CT14HERA?2m,j.
e Add back the 4 data sets to CT14HERA?2mj by ePump and compare

with CT14HERAZ2.
1.2 | | a I I I 1.2 | | a I I I
g(x,Q) at Q =100.0 GeV 90° _ g(x,Q) at Q =100.0 GeV 90°
CT14HERA2mj & CT14HERA2mj
511 CT14HERA2.54 < 11 CT14HERA2.54
= CT14HERA2mjEali = CT14HERA2mijEall
= T
= )
=
2 1.0 510 TN
g e
- 3
: 0.9 z 0.9
m Y. o 9
&
Q-‘ ﬁ
0.8 _6I _I_4 1_3 I_2 I_1 [ 1 1 0.8 6I - | 4 " 3 1 2 [ 1 [ 1
10° 10™ 10 10 10! 02 05 09 10° 107 107 10 100 02 05 09

X

gluon-PDF

X



Test 2: CT14HERA2 minus Drell-Yan

« Remove 19 Drell-Yan data sets (fixed target exp., Tevatron and LHC)
from CT14HERA2 and refit => CT14HERA2mY.

with CT14HERAZ2.

1.2 1 |

I.1F

u(x,Q) at Q =100.0 GeV 90%C.L.
CT14HERA2mY

CT14HERA2.54
CT14HERA2mYEall

PDF Ratio to CT1I4HERA2mY

0.8

10° 10* 107 107

10! 0.2 0.5 09

u-PDF

PDF Ratio to CT1I4HERA2mY

Add back the 19 data sets to CT14HERA2mY by ePump and compare

1 .2 I | i 1 1 L L]
d(x,Q) at Q =100.0 GeV 90%C.L.. . |
CT14HERA2mY
{1 CT14HERA2.54 )
CT14HERA2mY Eai}

-
o

<
o

0.8 | T . | PRI | . .
10% 10* 107 107

10! 02

d-PDF

05 09



PDF Ratio to CTI4HERA2mD160

Test 3: CT14HERA2 minus DIS

Remove 14 DIS data sets (excluding HERA1+2) from CT14HERA2
and refit => CT14HERA2mD160.

Add back the 14 data sets to CT14HEA2mD160 by ePump and
compare with CT14HERAZ2.

1 2 | | A 1 ] | |
1.2 gy : : : : _ L -
u(x,Q) at Q =100.0 GeV 90%C.L. S d(x,Q) at Q =100.0 GeV 90%C.L.
CT14HERA2mD160 % CT14HERA2mD160
CT14HERA2.54 Q1.1 CT14HERA2.54
Lir : < CTI14HERA2mD160Eall
CTI14HERA2mD160Eall = \ 21
8
T
1.0 <7 T 7, ; 1'0
P —\‘\_/,i U
S
e
09} 3 0.9
[a
a)
[a W)
0.8 | Iy Ep— | PR | o o PR | [ | o o [] D.9.9.
0.8 1 p— | | ] ] [ ] | ] | | _6 _4 _3 _2 _1
10'6 1()'4 1()'3 1()'2 10! 02 05 09 107 107 10 10 100 0.2 05 0.9

u-PDF d-PDF



Test 3: CT14HERAZ2 minus DIS (2)

« Almost all of constraints on s-PDF are from NuTeV and CCFR
neutrino dimuon data.

1.0 o=

s(x,Q) at Q =1.3 GeV 90%C.L.

CT14HERA2mD160
0.8F CT14HERA2.54
CTI14HERA2mD160Eall
a 0.6
X
% 0.4

0.5

ePump work well in the x region constrained by data.



Adding New Data with ePump

e One of the most sensitive new data from the LHC is CMS 8 TeV jet

data.

C1016. between CMS 8 TeV incl. jet and glu(x,Q=100.0GeV)

' B i — 0.0<y<0.5
— 0.5<y<1.0
— 1.0<y<1.5
— 1.5<y<2.0

d — 2.0<y<2.5
-2.5<y<3.0

0.5

104103 102 Xm-lo.z 05 09

PDF Ratio to CTI4HERA2NNLO

-10

Correlation with g(x,Q)

1.2 | i | A ] ] | ¥ ]
2(x,Q) at Q =100.0 GeV 90%C.L.
CT14HERA2NNLO
1l CT14HERA2ECMSS;jet f
I.Or _\—/
09F ]
gluon-PDF
0.8 1 p— | | ] ] [ ] | ] 1
10° 10* 102 107 . 10" 02 05 0.
Updated with ePump



Effect of Updating on o(gg~>H)due
to the CMS 8TeV jet data

e Include ggH theory files to update predictions with ePump
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The updated PDFs reduce the uncertainty by about 10%

Correlatlon Elhpse

+ Bofore update I fuis
+ After update

CMS 8 TeV jet, 74<p<84GeV, 0.0<y<0.5
Correlation Ellipse

1037 0.038 0.039 0.04 0.041 0.043 0.043 0.044 0.04:

CMS 8 TeV jet, 790<p<846GeV, 0.0<y<0.5

O(gg-h)
CT14HERA2 14.60 0.44
updated 14.57 0.42
(gg-h) sym(90%C.L.)
CT14HERA2 18.60 0.55
updated 18.57 0.52
(gg-h) sym(90%C.L.)
CT14HERA2 42.56 1.23
updated 42.55
(gg-h) sym(90%C.L.)
CTI4HERA2 47.99 1.39

updated 47.98 1.30



Impact of some LHC 8 TeV (jet,
LHCbWZ DY ttbar)data
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entries

entries

Goodness of CT14pNew

(including some jet, LHCbWZ, DY, ttbar data at 8TeV LHC)
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Impact from CMS 8TeV Incl. jet

« Small reduction of gluon uncertainty in large X
region, and reduction of PDF for x around 0.2.
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Impact from LHCb 8TeV (W,Z) data

« Mild improvement of the uncertainty in d/u PDF
ration from LHCDb (W,Z2) data

Error bands of d(x,Q)/u(x,Q)
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Impact from ALTAS 8TeV Drell-Yan data
(dSig/dpTdM and dSig/dM)

« Some reduction of gluon PDF at x around 0.2
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Impact from 8TeV ttbar data
(CMS yttbar and ATLAS ytave)

e Mild improvement of gluon uncertainty and
reduction of gluon PDF for x larger than 0O.1.
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Optimized PDFs

e Based on Data Set Diagonalization Pumplin, PRD 80 (2009) 034002
Maximize: (X _(Z)—X | 0))2/|A X | subject to constraint Z°=1
Using Hessian approximation, X, ( Z) =X, ( 0) +AX - Z
leads to matrix M'=3A X iaA X é/ A X a|2 with eigenvalues/vectors, 3" and 'l

New error PDFs: fi(r): foiA f-U(r)

Order PDFs by eigenvectors  (note: Y )L(r) number of observables)
Full set of optimized PDFs reproduces Hessian symmetric errors
Eigenvalue ;L(r) gives (sum of) fractional contribution of fi(r) to variances

Depending on precision required, keep reduced set of error PDFs, based on
eigenvalues.



Examples for Optimized PDFs

e One observable: gg->H cross section at 14 TeV: Optimize CT10NNLO

- Eigenvalues: 1,0,0,0,0,...
— Cross section only depends on first optimized eigenvector pair
— Equivalent to CT10H extreme sets determined exactly by Lagrange Multiplier method

« 8 observables (H & ttbar, each at 7,8,13,14 TeV)
- Eigenvalues: 4.45, 3.46, 0.089, 0.0017, 1x10-, ...
— First 4 eigenvector pairs pick up 99.99%
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Optimize PDF to LHCDb 8 TeV W/Z data

e |t has a total of 51 data points

« LHCDbOpt10 include the first 10 pairs of Eigenvector
sets of the Optimized PDFset, which covers most of
the uncertainty in d/u ratio over wide range of x.
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Summary

e The ePump package contains two functionalities

UpdatePDFs is a fast and efficient method to
estimate the effect of new data on the a current set of
best-fit and Hessian error PDFs.

OptimizePDF's can be used to find optimized set of
Hessian error PDFs for specialized experimental
analyses. It gives a simple method for reducing the
number of optimized error PDFs, while maintaining
a specified precision.

« Extensively cross-checked against CT14 global fits

e ePump paper is in preparation, and ePump code will be
made public available at http://hep.pa.msu.edu/epump/
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