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Motivation and Outline

Motivations

One of the important longstanding theoretical questions:
the behaviour of QCD in the high-energy (Regge) limit s > —t

We expect a new kind of dynamics (BFKL dynamics) beyond fixed order
perturbative predictions, with amplitudes and cross section governed by

power-like behaviour s*
For (semi-)hard processes s > —t > A%QCD, P.Th still applicable
with all-order resummation of logarithmic coefficients (o log s)™

Outline
Process suited for study of high energy QCD: Mueller-Navelet dijets
Review the theoretical description of MN jets within the BFKL approach
CMS analysis (2012) — comparison with BFKL and fixed-order based MC
Improvement by matching fixed NLO with resummed BFKL:

method and preliminary results
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Mueller-Navelet jets

] negative Y
One of most famous testing processes

for studying PT high-energy QCD at
hadron colliders [Mueller Navelet 1987]

Final states with two jets with similar Fop 4/

and large rapidity separation S P

Comparable hard scales (jet energies) l;;lpidity: y = log(cot(0/2))

limit the logarithms of collinear type log(F1/E5>)
Big separation in rapidity Y = y; —yo» = large log(s/E%) ~ Y

Anything can be emitted between the jets
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Factorization of NP effects

4 _73=(..E, @)

\’ J= (yzs E,, (pz)

do B )
(dyldEldgbl)(dynggdqbg)
do 1 do(x1,x2)
— dzidxs f,(z1, B> E? ’
dJ;dJs Z 0 r1dzs f (371: J1)fb(51727 J2) dJ,d.J,

a,b=g,q,q

Factorization formula justified because:
semi-inclusive observable (jets + anything)

large transferred momenta (£; > Aqcp)
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High energy factorization and BFKL

At high energy, partonic cross section is factorized in k| -dependent factors

i ® Impact factors describe coupling of external
: K particles with (reggeized) gluons

i K G All energy dependence in universal

| Gluon Green’s function

i K is the sum of all ladder diagrams

’ ®

0'12(8) — /dkldkg (I)l(kl)G(S,kl,kg)(I)g(kﬁg)

LL resums o log™ s
[Balitski-Fadin

0 : ,
G(S, ki, kg) — /dk K(kl, I{:)G(S, k. kg) -Kuraev-Lipatov 78]
0log s NLL resums o log" ™! s
[Fadin-Lipatov,
K =asKo+ oK + ... Camici-Ciafaloni *98]
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MN Jets in LL approximation

MN jet factorization formula is a convolution of 5 objects

J
Starting from LL factorization formula B . Xq B
f —0
dO'(S) /1 / a l(1 : rapidity gap
= dx1d dkidk =
T Zb: i r1dxo 1dks :onunu
a, — rapidity gap
Xfa(£131) :HHHOH GLL
(0) - : rapidity gap
X Vo ' (z1,k1;J1) 2000000000
X GrL(x1z2s, k1, k2) f Kk, =
b <O
> Vb(O) (332, ]{:2; JQ) p2 < \e
2
X fp(x2) +

where V.\*) (2, k; J) = asCad(k — p;)8(x — 25) and 2y = |p,|e¥7 / /5

Kinematics characterized by large rapidity gaps among particles

At LL level the jet vertex condition is trivial (only 1 parton)
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MN Jets in NLL approximation

[Bartels, DC, Vacca 02] computed NLL calculations of impact factors for Mueller-Navelet jets

Proved NLL factorization formula

do(s) /1
= dazlda:2/dk'1dk2

X fa(x1)
X chl)(wlykl;c]l)

X GnL (128, k1, k2)
X Vb(l)(ZUQ,kQ;JQ)
X fp(x2)

where V.°) (z, k; J) = asCad(k — p;)6(z — z;) and 2y = |p,|e¥7 / /5

Pairs of particles can be emitted without rapidity gaps

At NL level the jet vertex condition is non-trivial (e.g. depends on jet radius R and algorithm)
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CMS analysis of MN jets at 7 TeV

Analysis of the azimuthal decorrelation of the two jets /CMS: FSQ-12-002-pas]

1 do Yy [ dg Tlogenme
o dé H cos(me)) = =5y = T apjay

Distinguishes BFKL dynamics from fixed order one: they provide different
amount of particle emissions between jets, which is responsible for their

decorrelation

(cos(me)) has reduced theoretical scale uncertainties
being a ratio of differential cross sections

Jet1

Jet2
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CMS analysis of MN jets at 7 TeV

1d
Angular distribution — £ with ¢ = |m— p1 — P2
o

Data selection: Fpy o > 35GeV, |y;| < 4.7
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CMS analysis of MN jets at 7 TeV

... . 1do .
Angular distribution — — with ¢ = |m— p1 — @o|
o do
Data selection: Fpy o > 35GeV, |y;| < 4.7 3<Ay=Y <6
CMS Preliminary, \'s =7 TeV, _I.Ldt =5pb” CMS Preliminary, \s =7 TeV,JLdt =5pb”
iy _|||||||||||||||||||||||||||||||_ < _||||||||||||||.||||||||||||||||_
§ [ [@pata | 5220 (e]Data E
Jz [ =Pythia6 Z2 ; S of — Pythia 6 Z2 ]
S5 Pythia 8 4C = 7 Pythiag 4C -
T° 1= — Herwig++ 2.5 E 18 = Hﬁl’ng++ =3 4
- —— Sherpa 1.4 = idF- e=sherpa.14 ki
- Cascade 2 . - Mueller-Navelet dijets 3
- . 1.4 3<Ay<6 i
C P;>35GeV,|y| <47
107 - 1.2 o
- L=t ¢ ¢ vV :
Mueller-Navelet dijets - F q
B 3<Ay<b6 - 0.8 -]
P, >35GeV, |y| <4.7 - 4
10° s esad segal sogall wounill pousid 0.0 i

0 05 ] 15 2 25

s F
=

Ao

Some MC are close to data somewhere in ¢
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CMS analysis of MN jets at 7 TeV

... . 1ldo .
Angular distribution — — with ¢ = |m— p1 — @o|
o do
Data selection: Fpy o > 35GeV, |y;| < 4.7 6<Ay=Y <94
CMS Preliminary, \E:7Te’\a‘,J.Ldt=5pb'1 CMS Preliminary, \[E-_-TTe\.",J.Ldt=5pb'1
'-Tu :I T T T | T T T 1 | T T T T | T T T T | T T T 1 | T T T T | |: ﬁ __l_l T T | T T T T | T T T T | T T T T | T T T 1 | T T T 71 | I_
s L a < L @Data N
Sy T (] Data i S I — Pythia 6 Z2 -
3g [ =—Pythia6 22 , =250 Pythia 8 4C I
—o g Pythia 8 4C - i — Herwig++ 2.5 I
- — Herwig++ 2.5 ] iy - Sherpa 1.4 I
I Sherpa 1.4 ] - Mueller-Navelet dijets i
L 1 L 6<Ay<94 1
3 P;>35GeV, |y <47 -
107F E L i IL
E Mueller-Navelet dijets . - I
¢ 6<Ay<9.4 1 i
i P;>35GeV, |y| <47 - 1 i
L S T T T Cevuo [ c N T cpay [0 0 oy [ gy [
0 0.5 1 1.5 2 2.5 3 0 0.5 1 15 2 2.5 3
Ao Ao

Some MC are close to data somewhere in ¢
Overall description is not very good
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CMS analysis of MN jets at 7 TeV

Data: By o > 35GeV, |y;| < 4.7 Ay=Y =y —y2| <94

d?(o cos(me
Cn(Y) Jd¢ : d¢d§/ :

cos(m)) = & ) do /dY

Dimitri Colferai LHCphenoNet Berlin, November 24-th 2014 —1.9/20



CMS analysis of MN jets at 7 TeV

Data: By o > 35GeV, |y;| < 4.7

CMS Preliminary,N's =

7 TeV,ILdi =5pb’

A | T T T | T T T | T T T | T T T | T T ]
= - _
<|] e o TS .. Mueller-Navelet dijets I
%D.B_— —=£ P, >35GeV, ly| <4.7 7
(o) B — . ’
‘\';’ i — .
0.6 ——
o4 [=1DATA 1
"+ — Pythia6 Z2 1
_ Pythia 8 4C I
02~ — Herwig++ 2.5 B
E | { S J_ 1 | _I_ B —| | | — i —| | | i

00 2 4 6 8

>
< .

<cos(m - A ¢)>

Ay=Y = |y —y2| < 9.4

m=1

CMS Preliminary,\s = 7 TeV,JLdt =5pb”

1 -4 T T T | T T T | T T T | T T T | T T
- [+ ]DATA — Sherpa 1.4 i
1.2 Cascade 2 %) BFKL NLL+ .
i BB, E
o= R BBSLLII RS, -
T R ]
i o — CXRERRRIHKHEERERS
0.8— e
i ¢« *
0.6 )
0.4 Mueller-Navelet dijets
- P, > 35 GeV, |y| < 4.7
0.2_— 7
00_ | | I J_ | | _I_ 1 | 1 1 | | 1 il
2 4 6 8
Ay

The larger Y, the more radiation and decorrelation

BFKL was expected to predict more radiation than fixed order = more decorrelation

Some MC agree with data

NLL BFKL estimate has problems
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CMS analysis of MN jets at 7 TeV

Data: By o > 35GeV, |y;| < 4.7 Ay=Y =y —y2| <94 m = 2

A T T T | T T T | T T T | T T T | T T A 1-4_ T T T | T T T | T T T | T T T | I
= 4 N = [+ ]DATA Sherpa 1.4 ]
a [ i < 1.2~ Cascade 2 BFKL NLL+ 3
é - Mueller-Navelet dijets - é B i
a—v“-af':II_‘_ P; > 35 GeV, ly| <4.7 < T Mueller-Navelet dijets  —
" = . 5 P.>35GeV, |y| <47 ]
i —_— T T — —3
8 0.6— — - — 8 0'8_ - i
V o+ = : V ¢ -
i _: L4 N 0 6__ i
e e i ! HE - L
oaf [=IDATA - ——:ﬁ: - 3
- — Pythia6 Z2 - —4—1 04l
I Pythia 8 4C I T
02—~ __ Herwig++ 2.5 & 0.2
i | | 1 | | | | | | | | | | | | | | | : | | |
% 2 3 %

CMS Preliminary,\s = 7 Tev,_[l.dt =5pb”

CMS Preliminary,\'s = 7 TeV,JLdt =5pb’

The larger Y, the more radiation and decorrelation

BFKL was expected to predict more radiation than fixed order = more decorrelation

Some MC agree with data
NLL BFKL still unable to reproduce data
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CMS analysis of MN jets at 7 TeV

Data: By o > 35GeV, |y;| < 4.7

01_1-1_||||||||||||||||||||||||||||||||||||||||||||||_
~ F [« ] DATA .
O i — Pythia 6 22 z
09:— Pythia 8 4C .
g == —— Herwig++ 2.5 i
K —.e il
0.8 -, i
- — i
0.7 — " e |
; g
0.6 e i
- Mueller-Navelet dijets — 3
0.5  P;>35GeV,|y| <47 -
e h
Ay
. Oy (cos(29))
Ratio — =
4 (cos @))

CMS Preliminary\Ns =7 TeV,JLdt =5 pb'1

MC don’t agree well with data

NLL BFKL in perfect agreement with data

Dimitri Colferai LHCphenoNet

€./C,

Ay=Y = |y —y2| < 9.4

m=1,2

CMS Preliminary,\s = 7 TeV,JLdt =5pb’

TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | T
11— Mueller-Navelet dijets —
A— Pr>35GeV, ly| <47 1
0.8 Sy
L ]
— . e
i - 04'»"::
ot R
0.4 —
. [<]DATA Sherpa 1.4 :
-2_ LA I
0.2 Cascade 2 BFKL NLL+  _
00_1| é :|3 £|I 5| [|i _‘|r 1|3 9|_
Ay
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Neither BFKL NLL nor fixed order MC give a satisfactory
description of data yet

BFKL NLL still suffers from large scale uncertainties ~ 10 - 15%
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NLL with BLM scale fixing

[ Ducloué,Szymanowski, Wallon *13] proposed to tame large scale dependence of BFKL by
fixing ur with BLM procedure

1 5 2
[ = exp [§X0 —3 + 2 (1 + §I>] Erq Eo
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NLL with BLM scale fixing

[ Ducloué,Szymanowski, Wallon *13] proposed to tame large scale dependence of BFKL by
fixing ur with BLM procedure

1 5 2
[ = exp [—Xo — 5 +2 (1 + §I>] Erq Eo

2 3
1 do
o dy
| | | | |
1~ -—= NLL, MR = HR.init —
.\\ NLL, pr = ptr,BLM
-\ —e— CMS data 2
!\\
A
\\
N
A,
\
0.1 By —
R
i N i
W P .
\
\
\ { {
AY
\
\
\
0.01 \
| | | % | | )

|
0 0.5 1 1.5 2 25 3

NLL BFKL + BLM provides good description of data
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NLL with BLM scale fixing

[ Ducloué,Szymanowski, Wallon *13] proposed to tame large scale dependence of BFKL by
fixing ur with BLM procedure

, 15 2
URr =€Xp |=Xo— 5 +2 1+§I Erq Eo

2 3
(cos )
1.2 T | |
1 T TTme——— e ]
0.8 3 N
[
- ¢ I !
0.6 — { I N
0.4 - N
I —— NLL, pr = pUR,init
i [ NLL, pr = pr.BLM _
' —e— CMS data
5 | | I | | Y
4 5 6 7 8 o

NLL BFKL + BLM provides good description of data
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NLL with BLM scale fixing

[ Ducloué,Szymanowski, Wallon *13] proposed to tame large scale dependence of BFKL by
fixing ur with BLM procedure

1 5 2
[ = exp [—Xo — 5 +2 (1 + §I>] Erq Eo

2 3
(cos 2¢p)
1.2 I | | !
L e NLL, pr = W@ init N
NLL, ur = ptr,BLM
—e— (CMS data ]
0.8 |- ]
0.6 | A N ]
Y -
04 E
0.2 |- ]
) | | I | | Y
4 5 6 7 8 2

NLL BFKL + BLM provides good description of data
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NLL with BLM scale fixing

[ Ducloué,Szymanowski, Wallon *13] proposed to tame large scale dependence of BFKL by
fixing ur with BLM procedure

1 5 2
2 2
:uR — €XP [5)(0 - § ‘I— 2 1 —I— g[ ET1 ET2 ~ 20 ET1 ET2
(cos 2¢) /(cos p)
1.2 | i
1 —
o L | Very large renorm. scale
gt T
. = |
g |- b g ]
04 — —
_____ NLL HR — HUR, init i
02 NLL, pr = pr,BLM |
' —e— CMS data
0 | I I I I Y
4 5 6 7 8 9

NLL BFKL + BLM provides good description of data
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Matching BFKL with Fixed NLO

Our aim 1s to merge fixed NL order and NLL BFKL resummation to
improve description of data

correctly reproduce not only ratios but absolute values
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Matching BFKL with Fixed NLO

Our aim 1s to merge fixed NL order and NLL BFKL resummation to
improve description of data
correctly reproduce not only ratios but absolute values

Standard matching procedure:

add to BFKL the full perturbative NLO result O (a?)
subtract the O (o) part already included in BFKL
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Matching BFKL with Fixed NLO

Our aim 1s to merge fixed NL order and NLL BFKL resummation to
improve description of data
correctly reproduce not only ratios but absolute values

Standard matching procedure:

add to BFKL the full perturbative NLO result O (a?)
subtract the O (o) part already included in BFKL

Results for cross section and C,,, coefficients
The implementation 1s still work 1n progess

Preliminary results of central values (no error estimate yet)
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Matching (sym. jets E,, E, > 35GeV)

Cross section: NLL BFKL + NLO pert. O (as)” — BFKL O (o)

do(s) 1
dJisz N ;/o dzadzz fa(f’jl)fb(@){

/dk1dk2 [Va(oﬂ) (z1,k1;J1) GNLL(Z12258, k1, k2) Vb(OH) (22, k2; J2)]

dﬁ(NLO)(xl,xg)
dJidJs

+
dk1dky | VAV (21, k1; 1) 62 (k1 — ka) Vb(o) (x2, k2; J2)

dkydks [V (21, ke1s 1) 62 (k1 — ko) Vi (o, ko Jo)]

- / dkerdka [V (21, ;1) 62 (k1 — ko) VI (w2, ko )]

: E
dk1dks |V " (21, k1; 1) as log — Ko(k1, k2) VL (22, ko J2)] }
- 0
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Matching (sym. jets E;, Er, > 35GeV)

C,=do /dY C,=do /dY

I —— BFKL Lx+NLx 103:
1000 —— perturb. LO+NLO
[ —— subtraction B
. —— matched 10°E
500 -
i 105—
13 T i
- 10'15—
-500}- -
I 102

- i 1 1 | - | L1 1 1 | 1 L1 1 | 1 L1 1 | L1 1 1 I | - -3 - 1 | - 1 | 1 1 | - | L1 1 1 | L1 1 1 | | - | - I L1

1000, 5 6 7 8 9 107 5 6 7 8 9
Y Y
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Matching (sym. jets E;, Er, > 35GeV)

C, = do /dY

5 - --- BFKL Lx+NLx
1000 —— perturb. LO+NLO
[ —— subtraction
L —— matched
500 |
o Bl SETPUEEEE
I —
-500— E
a ;
- i I[ 11 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 I 11
1000, 5 6 7 8 9

Y

C, = do /dY

102 3

105—

10"

107

1035"-"

-3
10 4

5

6 7 8 9
Y

LO+NLO cross section obtained with NLOJET++ [Nagy] 1s negative!

Large errors due to very slow convergence in MC integration
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Matching (sym. jets E;, Er, > 35GeV)

C, = do /dY C, =do/dY
N - --- BFKL Lx+NLx 103;_,”
10001~ - --- perturb. LO+NLO E
[ —— subtraction C L,
. —— matched 107 -
500 i -
B [ -, 10 g_ !_ ——
jﬁ 10‘1;— I
500} o F L
[ T 102E
e | | | | | | | | |
- (1| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1000, 5 6 7 8 9 107, 5 6 7 8 9

Y

Y

LO+NLO cross section obtained with NLOJET++ [Nagy] 1s negative!

Large errors due to very slow convergence in MC integration

However, also the subtraction is negative
Their difference 1s moderate
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Matching (sym. jets E;, Er, > 35GeV)

C0 = do /dY CO =do /dY
i - --- BFKL Lx+NLx 103;_,"
10001~ - -- - perturb. LO+NLO E, o
[ - -- - subtraction - s S
L —— matched 10°E 5
L - - —t=—
500:’_ ! B = =
- b - 10 L =
_ — 2 :_{_
I —— Lo
H_l—*ﬂ-_-_-.‘ =— 1
0 - BT 1 :
| o FE- 101k !
500~ "o -
[ T 102
_1000 i TII-_ I_I 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 10-3 i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1
4 5 6 7 8 9 4 5 6 7 8 9
Y Y

LO+NLO cross section obtained with NLOJET++ [Nagy] 1s negative!

Large errors due to very slow convergence in MC integration

However, also the subtraction is negative

Their difference 1s moderate

Matched cross section is positive, of the same magnitude of NLL BFKL prediction
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Matching (azimuthal coeff. )

C,=do cose/dY

800p —— BFKL Lx+NLx
600 —— perturb. LO+NLO
C —— subtraction
400 3 —— matched
200F jl
oOf

-200F

-400f

-600

-800F
-1000f
- : 1 1 1 1 | L1 1 1 | 1 L1 1 | 1 1 1 1 | 1 1 1 1 I 1 1
1200, 5 6 7 8 9
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C,=do cose/dY

10°

102

10

10t

102

-3
10 4

5 6 7 8 9

Y
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Matching (azimuthal coeff. )

C,=do cose/dY

800
C_ . - --- BFKL Lx+NLx
600 | —— perturb. LO+NLO
- —— subtraction
400 :_ o ': —— matched
200 h---
0 :— T Lo e —————————
-200F ——
N ——
-400(
N —
-600f~
-800F —t—
-1000f
- :_I'_I' 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1
12004 5 6 7 8 9

Y

C,=do cose/dY

10°

102

10

10t

102

|

|

-1
|
|
|

—_——— -

-3
10 4

5 6 7 8 9
Y

Large errors of NLO calculation due to very slow convergence in MC integration
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Matching (azimuthal coeff. )

800

C,=do cose/dY

600

_———_——-

400

200

0

-200

-400

-600

g

1

1
T

|

-800

-1000

LI |
-1
S
B

- --- BFKL Lx+NLx

- --- perturb. LO+NLO
—— Subtraction

—— matched

} I
12004 5

6

7 8 9

Y

C,=do cose/dY

10°

102

10

10t

102

-1
|
|
|

—_——— -

-3
10 4

5 6 7 8 9

Large errors of NLO calculation due to very slow convergence in MC integration

Moderate difference between NLO and subtraction
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Matching (azimuthal coeff. )

C,=do cose/dY C,=do cose/dY
800;__, - -~ BFKL Lx+NLx 0L
600F | - -~ perturb. LO+NLO E T
S - - - - subtraction .
400 - B —— matched 10°E i .
X ] |
200—[ = - =
C —— . —
B ——— 10 E Lm - -
0__ F—= - E !
-200f r— - I e
g . 1F -
-400F o 5 :
sob ___rET 10 SRy
-800F -~ F- - : ‘
- 10°F .
-1000 F
- : Ti_ [ | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 I 11 -3 i 11 | | L1 1 | | L1 1 1 | L1 1 1 | L1 1 1 I 11l
1200 5 6 7 8 9 107 5 6 7 8 9
Y Y

Large errors of NLO calculation due to very slow convergence in MC integration
Moderate difference between NLO and subtraction

Matched C; of the same magnitude of NLL BFKL prediction
but definitely different at intermediate Y ~ 4 =+ 6

Dimitri Colferai LHCphenoNet Berlin, November 24-th 2014 —p. 15/20



PT instability of symmetric jets

It 1s well known that cross section of jets at NLO is very sensitive to the asymmetry
parameter A = E11 — E79 [Frixione,Ridolfi *97]
The leading collinear singularity for real emission i1s given by

1
(kl —+ k2)2 -+ 62
= A(A,¢) + Blog(e) — C (A + ¢€) log(A + ¢)

o) /dkldkg@(|k1| — E)O(lk2| — (E+ A))

thus fixed order PTh is not reliable in this case (finite, but infinite deriv at A = 0)
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PT instability of symmetric jets

It 1s well known that cross section of jets at NLO is very sensitive to the asymmetry
parameter A = E11 — E79 [Frixione,Ridolfi *97]
The leading collinear singularity for real emission i1s given by

1
(kl + k2)2 + 62
= A(A,¢) + Blog(e) — C (A + ¢€) log(A + ¢)

o) /dkldkg@(|k1| — E)O(lk2| — (E+ A))

thus fixed order PTh is not reliable in this case (finite, but infinite deriv at A = 0)

An analogous singularity occurs in the PT expansion of LLL BFKL /Andersen, Del Duca et
al. ’01]

1 2EA + A2 2EA + A? E
(E + A)? L2

In the matching procedure such collinear A log(A) cancels out to a large extent,
therefore the matching procedure should be safe
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Asymmetric jets E;, > 30, Er; > 35 GeV
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Half-sum cut: L(E; + Er;) > 35GeV
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Future developments

Increase “statistics’ to reduce MC errors

Estimate of errors due to variation of:
tr and pp scales
energy scale sg

PDF uncertainties

We strongly suggest experimentalists to perform MN jet analysis
with half-sum Er cut: %(ETl + Erg) > Eew

in order to avoid perturbative sensitivity to phase space corner
Er1 = By = Eeyy

— smaller theoretical uncertainties
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Conclusions and outlook

Mueller-Navelet jets appear to be a good observable for demonstrating
presence of BFKL dynamics at high energy

Fixed order MC and NLL BFKL quite different,
in some cases close to data, but overall agreement 1s not good

NLL predictions suffer scale uncertainties ~ 15%
Satisfactory phenomenology with a scale-fixing at very large scale ur ~ 20 Erp
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in order to obtain more accurate and stable predictions

Preliminary results are encouraging,
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— new experimental analysis is required

Full analysis with estimate of errors 1s in the way
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