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MMHT14 PDFs (successor to MSTW08) 

Theoretical updates: 

Parameterizn of deuteron correctns—parameters determined by fit 

Multiplicative error treatment 

Parameterization in terms of Chebyshev polynominals 

Updated nuclear corrections 

 

Optimal  GM-VFNS used 

now input (with error) in fit Exptal value of 

New data:  HERA I combined,  Tevatron W,Z updates,  LHC data 

MSTW08/MMHT14 differences small--an exception is (uV-dV) at low x 

well behaved 
1211.1215 
MSTWCPdeut 

1412.3989 

“MMHT16”: -- HERA I+II, recent LHC data 



c2 
Further 
study of aS 

NLO 

NNLO 

see, 1506.05682 

PDFs sets in extended 
range of aS available. 
Allows error due to  
aS to be added in 
quadrature 



Prediction of HERA II by MMHT2014 PDFs (which fitted HERA I) 
NLO    –   c2 = 1611/1185 = 1.36 per point 
NNLO  –   c2 = 1503/1185 = 1.27 per point 
 

HERAPDF2.0 (fitting only comb.HERA data) with Q2(min)=2 GeV2  find 
             c2 ~ 1.20 per point at NLO and NNLO 

Refitting with HERA II by MMHT2014 PDFs gives 
NLO    –   c2 = 1533/1185 = 1.29  /pt   with Dc2=29 due to other data 
NNLO  –   c2 = 1457/1185 = 1.23 / pt  with Dc2=12 due to other data  
 

Also tried fitting only HERA II data (with 4 parameters fixed to avoid 
NLO    –   c2 = 1416/1185 = 1.19 per point                     spurious PDFs) 
NNLO  –   c2 = 1381/1185 = 1.17 per point 

Impact of final HERA combined data 1601.03413 



NLO 
MMHT2014 
   prediction NLO 

NNLO 

fit only HERA  

NNLO 

NNLO 

NLO 

fit with HERA II 

Fits with data cut fixed at  Q2>2 GeV2 but with  
c2/d.o.f. calculated for only data with Q2>Q2(min) 

NNLO always better than NLO fit 



PDF uncertainties little improved from MMHT2014 

gluon improved for  x ~ 0.001 

sea gluon 

dV uV 

NNLO    at Q2=104   



HERA II effect more obvious when looking at predictions 

Up to about 10% reduction in uncertainties. 
Very small change in central values 



                                                            MMHT14  MMHT16 
                                               no.pts   c2(pred.)   c2(fit) 

3405 

Impact of LHC data NNLO 

MMHT14 predictions generally  v.good. 
MMHT16 fit – no tension – so PDFs v.similar 
                                 Dc2=15 for remainder of data 
If coupling free   aS(MZ

2)=0.118   (from 0.1172) 
                                                             look at data in turn  
                                                   



W+c data and s PDF 
                                 for s PDF from nmm evts 

MSTW used fixed  Bm =0.099 (NuTeV value) 
whereas MMHT fitted 
and found   

x(s+s) 

x 

Recall need 

s 

c 

c 

W - 

g 

W+c data and s PDF 

Uncertainty & value of  s  increased 



MMHT14(pred.) 
MMHT16(fit) 

pT(lep)>35 GeV pT(lep)>25 



Q2=104 

W+, W- production 
very naïve: 
u = uV + q 
d = dV + q 
u(bar) ~ d(bar) ~ q 
 
A(y=0) = s(W+) – s (W-) 
    = u d(bar) – u(bar) d 
    ~ (uV+q)q – q(dV+q) 
    = (uV-dV)q  
 
in practice with y dep. 
very rich structure 
x1,2 = MW/sqrt(s)*exp(+/-)y 
and also Z prod.& D-Y data. 



High rapidity  W  production at LHCb at 7 TeV 
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MMHT14(pred.) 
MMHT16(fit) 



New data on high rapidity  W  production at LHCb at 8 TeV 

W+ W- 

MMHT14(pred.) 
MMHT16(fit) 



MMHT14(pred.) 
MMHT16(fit) 

CMS  W+/W- asy. 



MMHT14(pred.) 
MMHT16(fit) 



MMHT14(pred.) 
MMHT16(fit) 

Z production 



MMHT14(pred.) 
MMHT16(fit) 

Zm+m- 



MMHT14(pred.) 
MMHT16(fit) 

Ze+e- 





Effect on PDFs 

MMHT16 set (not for distribn) 
at NNLO with PDF evectors for 
unc.   25 PDF parameters with  
50 evector dirns---9 constrained 
by one of new LHC data sets gluon 

light q sea 

   (but large x) 



s + s(bar) 

s – s(bar) 



uv-dv 

d  uv 

Significant change in 
uv-dv and reduction 
in uncertainty,  from 
W+/W- asymmetry 
data, including the 
very accurate CMS  
asymmetry data 
 
  

 dv 



d(bar) – u(bar) 





d(bar) – u(bar) 

3 parameters 
5 parameters 



PDFs with QED corrections 

At the level of accuracy we are now approaching it is important 
to account for electroweak corrections. 
We need PDFs which incorporate QED into the evolution ---  
that is we need to include the photon PDF g(x,Q2) 

etc. 

Sets published recently by NNPDF & CT. ---- large uncertainties 

Previous MRST2004 sets assumed g(x,Q2) generated by photon emission  
off a  model for valence quarks with QED evolution from mq  Q0  



“New” development -- 
(1406.2118) consider 
coh. & non-coh. emission 
g(x,Q2) = gcoh+ gincoh . 
 
Major part of input, especially at low x, comes from coherent which is 
known to good accuracy. Uncertainty is due to non-coh. part which is 
calculated from  
emission from quarks 
 
 
MRST2004 > NNPDF2.3 
for x<0.01, but mainly 
due to evolution 
differences not input. 
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Conclusions 
New HERA II combined data well described by MMHT14 PDFs. 
No significant changes in PDFs in new re-fit. Slight reduction in 
uncertainties.  Low x, low Q2 data accommodated by power corrn  
in FL (none needed in F2). 
 
MMHT14 predictions turn out to be very good for (most) LHC data 
not included in the fit.   In re-fit (“MMHT16”) find few changes of 
significance in central values, but some data reduce uncertainties, 
mainly in strange and low x valence quarks.   
Some new s(tt(bar)) data--fit compatible with world average mt

(pole) 

and there is a small increase in fitted aS(MZ
2) to 0.118 at NNLO.    

Much extended d(bar) – u(bar) parametrization only leads 
to very minor changes.  No deviation preferred at small x. 
 
Work in progress on updated PDFs with QED corrections 
 





PDFs and Heavy Quarks arXiv: 1510.02332 

Choice of range of heavy quark masses: 
Other determinations generally quoted in  

MMHT2014  chose    mc=1.40 GeV,    mb=4.75  (in pole scheme) 
Restrict to pQCD production g HH with threshold Q=mH    (H=c,b) 
 
Below we vary  mc  (1.15, 1.55)   and  mb  (4.25, 5.25) GeV 



Note                 and large x gluon PDF are significantly 
smaller in FFNS as compared to GM-VFNS 

Procedure 

Use  GM-VFNS:   start at input scale (Q0
2=1 GeV2) with 3 flav.  

At Q=mc charm enters evolution,  at Q=mb bottom enters. 
Use  massless evolution &  `optimal’ matching at thresholds. 

FFNS:   Heavy quarks kept only in coefficient functions – 
H quarks generated only in final state – not partons 
e.g. 3-flavour FFNS neither c or b treated as partons. 
Fit is not optimal -- much data where mc,b relatively small. 
However, we make available `FFNS’ PDFs using GM-VFNS  
input but with H quark evolution turned off. 



NNLO 

mc mc 

mc 

fixed aS=0.118 

now allow aS to be parameter-- 

weak dependence on  aS  

best global & cc fit - mc=1.25GeV 

MMHT14 ---- fixed mc=1.4 GeV default mc=1.4  



% change of PDFs       mc = 1.25    1.4    1.55 GeV 

Q2=4 Q2=4 

Q2=4 
Q2=104 

gluon light quarks 

charm 
charm 

mc=1.25 

mc=1.4 

mc=1.55 
threshold 
Q=mc 



5.25 

4.25 
4.75 

mb Q2=6.5 

Q2=2000 

Q2=200 

Q2=60 

Q2=650 Q2=600 

Q2=160 

Q2=12 

Q2=25 Q2=30 

Q2=80 

Q2=5 

x 

NNLO 
predictions 

Large fluctuations. 
Data show some 
preference for lower 
mb ,  



Uncertainties on some NNLO benchmark LHC cross sections (in nb) 
due to +/- 10% variation in heavy quark masses  
 
Generally uncertainty  due to mc is less than the PDF uncertainty,  
but is not insignificant;  while uncertainty due to mb is smaller 



aS 

default MMHT14 NNLO PDFs take aS=0.118,   
                        NLO  PDFs have aS=0.120  (also give a PDF set with 0.118) 



tt(bar) differential distributions 



Full NNLO correction 
Czakon,Heymes,Mitov 
improves comparison 
with pT,t data 

NNLO 
NLO 

CMS data 

pT,t 




