CO ezl L o S of Pracierions frore myeer
surrirriation Mettocds yith

ISIneieoical Data

BAYLOR =~ W S. Majhi, A. Mukhopadhyay,

IIIIIIIIII

9/26/2013 S YO St 1



Forward
** NEW PHYSICS/ AT LHC

AND

= Precision QCD for the LHC
2 UVAEIMIT-OF EINSTEIN’S THEORY

= EXxact, Residual Control In
Resummation for UV

Do 1L
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*Approach to 1% Precision QCD for
LHC Physics via MC Realized
Amplitude-Based QED®QCD

do =Y [dx,dx,F(x,)F;(x,)d6

J
N
= Ao, =AF ® Ao, =Ac,(tech)® Ao, (phys)
—

res

Do 1L
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do . = Z do,
n

o 1 m d3k n d3k d4y iY(Pl+Q1‘p2‘Q2‘Zkjl‘ZkIjZ)JFDQCED
_ A SUM§z (QCED) h J2 A i1 i
B me k L] k I(zﬂ)“"
m,n=0 =t g = i1 1=l i
~ 3 3
Ty P 2% L)
P, O

Do 1L
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*Approach to Feynman’s
Formulation of Einstein’s Theory

. Amplitude-Based

of the Feynman Propagators therein

o j
IA - (k) =
(k) k2 —m? =3 (k) +ie

j B ()

BAYLOR k? —m? -2 (k) +ie

9/26/2013 = iAlF (k)lRe summed S



e Contact with Standard Resummations,
SCT, SCET -- see Phys. Rev. D81(2010)076008

e Threshold Resummation

drop O(A) terms, A = V(AN/Q),
AN .3 GeV, QA100 GeV = A=5.5%
B LD  These methods give approximations to our 8,.

9/26/2013 6



e Contact with Standard Resummations,
CSS- RESBOS, etc.: (see 1305.0023 for details)

der A2l

dQ2dydQ3. 0%

,um

{/ - "”bTL W;(b*; Q, 2.4, zp)el 1@ /A0 ()-0i/a (za.8)-3; 5 (x5 b))

]

+ Y(Qr:Q,z4,78) }

Dropped terms O(Q+/Q) in all orders of «a; :
at 5GeV, Q=M_Z, 5.5% Physical Precision Error(PPE)
Errors on the NP functions g, also yield ~1.5% PPE,...

Do 1L
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e Shower/ME Matching:

e* M e, F, (x,)F, (X

2 ) |ShowerRe alization

BAYLOR

IIIIIIIIII
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e IR-Improved DGLAP-CS Theory(PRD81(2010)076008):

New resummed scheme for P,g, reduced cross
section =

£ LK

9/26/2013 9



e Complete Set ;

i ;..ll: Y5 .'--.I:'r"" {_

1

-'F'- |I|

e Py g -..'--.It

: L5~
e Fyps(g)eT

Do 1L

(24 75} (3 +1a)(4+716)

0.57721566...
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KEY PART OF APPROACH:
BUILD ON EXISTING PLATFORMS

—

Do 1L
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e |llustration:

doycanrLo = [E +V + / (Rye — C)dd H:| d®[Ape(0) + / (Rare/B)Apye(kr)d®p)

+ (R — Rye) Appolbr)d®pd®p

— Sudakov FF

.j,}“r (T I:E}.IP:I — F-_ . - — - (7 | & { I:]:I.i':i'-t]:lﬂ__l_]:"]" I

1z — S . . o
5000 =B+ (B/Auc(0)) / (Byme/B)Ayclkr)dd g

1z -
o= R— Rye — BSgep

]
gy 4
'

=i

BAYLOR for
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e Rigorous Contact with Wilson’s OPE:
Repeat the Gross-Wilczek-Politzer analysis of DIS.
From

(1) allows us to note that

B fLOR
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 men(Pr[75(0)| Px)

x‘lJc(o)l Pp)m.vm"" R
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\ 4’, ‘g'l"v ,'-c. <&
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e T

SUM, (QCD)=20, % Byey+20, Bocy (Kmax), 2@, Byep(Kmax)=|

- k3 ol Kimax )

Bl LOR
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for new matrix y;;"'( g

o

' j@hZiO(NPBl75(1980)27):

"40"(0,,€)p,p,,~tmcetems,  "*0"(0,,€)=M},»
"0 (a6, Fn)= 750, ) 0L (e )wlp),e)
Par Ok
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o ‘.,_.
<
'

h t‘?»*)’]

T(p.k) = fully connected 4-pt fn., Z = field renorm., and

[b B denotesb B*™  , etc.
ax' ~  BP

B LOK
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with  y"(o.,)camomalous dimension of "0™*

BAYLOR .



PIV@aNanomalous dimension matrix:

(x,0,,€) where
LR RIS

T(p,k) is IR-improved T(p k) =

B LOK
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) 3 4TYL T ¥
A<=t
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rigorous contact with new IR-improved DGLAP-CS theory

B LOK
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Basic Physical Idea:
Bloch-Nordsieck —

= (O(#"™), n=1, corrections)

(

o
%:r
¢
e

%

£ LK
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Basic Physical Idea:
Bloch-Nordsiek —

Pag(z) — P¥Ppg(2)

Resum terms O((a; In(g%/A?) In(1-2)) )

for IRlImitz— 1 >
Generate Gribov-Lipatov exponents

Do 1L

9/26/2013
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-I"'-:;I"'I'.“EI'I: QCD) =) fr 1 - II-_.l iy-(p1—pat | maT SR ._i.-_llg -k I_ '

lig-(p1—pa—ley )+ [5Hme= Lk Soon (k) [« k1))

m T -. . . oL '.: L ||-|. -
/ pliv(Ey—Eght [0
J—op =

I
1 ko &
il ri. f.mar

L el ig-[ By —Ea—E[ )+ |
P

£ LK

9/26/2013 “



el Sl = IR 1K 1
--|I. [ | E:FL:IL_.IL:I.-E:I.E I!I': J.I

. I. i
st} .o , R
[ 2l ps,a: + o).
- i

Do 1L
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e Herwiri1.031(PRD81(2010)0/6008):

, Implementation of IR-improved kernels In
Herwig 6.5 environment to get Herwiril.031,
MC@NLO/Herwiril.031.
Observations:
1. SUMs Is an IR effect — It contains as designed.only the
IR part of the LL, the restof the LL isin D and
the residuals 3., as we show in PRD81(2010)076008.
2. Herwiri Is just as general as Herwig6.5, as they run the
same set of processes

Do 1L
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« Herwiri++, Herwiri++/Powheg, Herwiri++/MC@NLO
-- running but still undergoing check-out

o Pythia8( Tjorborn Sjostrand, Peter Skands) , in progress

 Sherpa(JanWinter), In progress

£ LK
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 Important Technical Point on MC@NLO vs POWHEG
Hardest Emission Sudakov in POWHEG uses full O(a)
emission result (we follow 0803.0883)

R(®p, ®5)

Ap(pr) =exp | — [ by ——— 0 (kp (g, Pr) — pr)
qlpr) =ex |: | ®r =g,y ¢k (@8, Pr) —pr

> must synthesize this with (1) as well

e Some Illustrative results follow
BAYLOR
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Histogram of P_T* for GCD parton shower In Herwlge.s for 2— 2 hard parton scatisring.

DGLAF
— IR.imp DGLAP

=
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Figure 4: The pi-dstribution (ISR parton) shower comparsca in HERWIGE.5
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Enargy fraction of = In HERWIGE.5 for @CD 2 — 2 hard parton acatiering.

0.0002 0.0003 0.0004 0.00035
Energy fraction

2 5: The x* energy froction distribution shower comparison in HERWIGE.S.
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Histogram of F'*T for n* for QCD 2— 2 hard parton scattering.

i DGLAP
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— IR.imp.DGLAP
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Figure &: The =% pi-distribaticn shower comparison in HERWIGE.S
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Energy fraction distribution of parton shower for singke £ production.

DGLAP
— IR.Imp.DGLAP

Py
EM
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Energy fraction

Figure 7: The sdstribution(ISR parton enengy fraction) shower comporisen in HER-

g

WIGa.5.
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The unil neoemalized differsntial oroes ceotion for 2 producticon ac & Ranobion of veoior bocon rapldty.

Figure 9:
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The & rapidity-distribation(]5R parton shower) comparison

in HERWI(8.5.
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e HERWIRI1.031 -- PRD81 (2010) 076008:

— For the CDF rapidity data, HERWIRI1.031 is closer to the data than is
HERWIG6.510 (1.54 vs 1.77 for '\"QId.o.f. resp.);
for MC@NLO/HERWIRI1.031 and MC@NLO/HERWIG6.510
the '\'Efd.o.f are 1.42 and 1.40 resp., both are within 10% of the data
—> Need NNLO level, in progress.

For the DO p; data, HERWIRI1.031 gives a better fit
to the data compared to HERWIG6.5 for low pp,

for p7 < 12.5GeV, the Y?/d.o.f. are ~ 2.5 and 3.3 respectively

- we add the statistical and systematic errors,

showing that the IR-improvement makes a better representation

of QCD in the soft regime for a given fixed order in perturbation theory.

BAYLOR
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 LHC DATA: CMS Rapidity & ATLAS PT Spectrum
for Z/y* Production

(a) (b)

CMS Vector Boson Rapidity ATLAS Generated Z Transverse Momentum

DGLAP=CS
— IR.Imp.DGLAP-CS

DGLAP-CS

— IR.Imp.DGLAP-CS

o
=]
a

i

—-

5
-—
]
4
L
-

1/c x do/dp, (GeV/c)’

0.5 1 1.5 2 2,5 3 3.5 5 10 15 20 25 30
Y(Z) ZIv* P, (GeV/c)

O
(=]

Fig. 2. Comparison with LHC darta: {a) CMS rapidity data on (Z/y ") production o e”e™, ,u+,u‘ pairs, the circular dots are the data, the green (blue) lines are HERWIGE.510
(HERWIRI1.031); (b) ATLAS pr spectrum data on (Z/)*) production to (bare) ete— pairs, the circular dots are the data, the blue (green) lines are HERWIRI1.031 (HER-
WIGE.510). In both (a) and (b) the blue (green) squares are MC@NLO/HEEWIRI1.031 (HEERWIGE.510 (PTRMS = 2.2 GeV)). In (b), the green triangles are MC@MLO/HERWIGE.510

(PTRMS = 0). These are otherwise untuned theoretical results. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of
this Letter.




» Observations
1. For the unimproved case, the data suggest that
we need a GAUSSIAN (intrinsic)
PTRMS = 2.2 GeV
[ Herwiril.031(blue line), Herwig6510(green
line(PTRMS=2.2GeV)), MC@NLO/Herwiri1.031(blue
sguares)MC@NI-O/Hernwig6510(green sguares
(PTRMS=2.2GeV), green triangles(PTRMS=0))]
( similar to what holds at FNAL)
2. This same shape Is provided from fundamental
principles by the MC@NLO/Herwiri1.031 with
PTRMS = 0 GeV ( similar to what holds at FNAL)

B LLOR 40



 Observations (Quantitative)

1. Unimproved case, the respective y2 /d.o.f.’s are
1.37, 0.70 (MC@NLO/Herwig6510(pTrRMS=2.2GeV))
for the p; and rapidity data

2. IR-improved case, the respective y? /[d.o.f.’s are
0:72,0:72 (MC@NLO/Herwiri1.031) for the p+ and
rapidity data

3. Unimproved case, the respective y? /d.o.f.’s are
2.23, 0.70 (MC@NLO/Herwig6510(ptrMs=0))
for the p; and rapidity data

B LLOR n



» Which is Better for Precision QCD Theory?
1. Precocious Bjorken Scaling in SLAC-MIT
Experiments: already at Q% =~ 1, GeV?

= PTRMS? small compared to 1, GeV/?
See R.P. Feynman, M. Kislinger and F. Ravndal, Phys.
Rev. D3 (1971) 2706; R. Lipes, ibid.5 (1972) 2849;
F.K. Diakonas, N.K. Kaplis and X.N. Mawita, ibid. 78
(2008) 054023, K. Johnson, Proc. Scottish Summer
School Phys. 17 (1976) p. 245; A. Chodos et al.,
Phys. Rev. D9 (1974) 3471, ibid. 10 (1974) 2599; T.
DeGrand et al., ibid. 12 (1975) 2060; .... —

Do 1L
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» \Which is Better for Precision QCD Theory?

2. The first principles approach Is not subject to
arpitrary functional variation to determine ItS Aoy,

3. Experimentally , events In the two cases
should look different in terms of the properties of the
restrofithexparticlessinthe events —

Here, we show the following.

Do 1L
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For example: 2.2% Peak Effect

Vector boson mass distribution

p_'r,p_'rb > 20 GeV

DGLAP-CS

—— IRImp.DGLAP-CS

80 100 120 140 160 180

9/26/2013
GeV




THEORY COMPARISON: FINER BINS -- 0.5GeV vs 3.0GeV

=
=
o

oy
=]
a

i
=
=
B

-~
S
[
o
o
:

1o =

4 6
BAYLOR Ziy* p, (GeVic)
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OBSERVATIONS
* |R-Improved DGLAP-CS Theory
Increases Definiteness of Precision
Determination of NLO Parton
Shower MC's and Improves Such.
* More Potential Checks Against
Experiment Are Being Pursued.

Do 1L
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e MORE THEORY COMPARISONS:ATLAS(1107.2381)

Combined ee+upn ATLAS (b)
—=— Data 2010 i y
— RESBOS I L dt = 35-40 pb
-— PYTHIA -
—-MC@NLO
— POWHEG

ALPGEN
— SHERPA

|
CLgal ji==it |

":—1_»-:T_l‘""."" ]

{BRESBOS

.-E-.
o
5
E:
&
o
i
o
m
O

I | < 2.4
[fT:rEU GeV
6b GeV «my < 116 GeV

10
BAYLOR

9/26/2013
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e MORE THEORY COMPARISONS:Hassani(EW Moriond,
2013) _{ @y = tan(z(m — Ag)) sin 6 }

Z[y* transverse momentum (dG/dq)*.],](II))

III| T T T IIIIII
e &' +p'p Data 2011

- HRESBOS
A. Banli el al.

| T T T LI III| T T T TTTTT 1] T L I | II
' o c'e 4w Data 2011 ATLAS

— RESBOS _[Ldt =461
e FEWZ 2.1 Ofed) ]

T ws=T7 TeV

TF <24

| py>20GeV ’

- 66 GeV <m, <116 GeV ILdt:d.ﬁm" 1
Ll L

- wNe=T7 TeV

TE <24

i pﬁpEﬂGeV

- 66 GeV <m,, <116 GeV

' |
L T W 1 T B T Lo L L L

107 10 1o’ 1 10 i0*® 10’

%,
D .
0
7
w
o
Ty,
=
Re]
k3!
o
=
8

18]
o

Data (Prediction) / RESBOS

0

Calculations from A. Banfi et al. (resummed QCD predictions+fixed-order pQCD)
is less good than ResBos

Measurement precision about one order of magnitude lower than the
present theoretical uncertainties

FEW/ predictions undershoot the data by ~10% which confirm previous CDF
observation (PRD 86,052010)




Near Future

* Herwig++(soon, running , under
cross checks)

* Pyhtia 8,6 (w consultation from
Peter Skands and Torbjorn
Sjostrand

* Sherpa (w consultation from Jan
Winter)

Do 1L
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Near Future
*New Observables: ¢,” (w py cuts, etc.)
*New Data: ATLAS & CMS,
EACH > 107 lepton pairs

*HERWIRIZ.0 ( )
HERWIG6.5 | KK MC 4.22
KK MC 4.22 ( ), 1307.4037
BAYLOR ~ --+ *MC@NNLO

9/26/2013 £g



KK MC 4.22

| Umax | KlCsom Befer. | Olotlmme | Ole”jopme mtOFF | Ola7jomx
I ey -
m D913 £ 00000 [ 09150 £ 0.0004 09150 £ 00004 | 09525 £ 00004
' 1007 £ 00004 | 10808 £ 0.0004 | 1.0520 + 0.0004
11612+ 0.0000 | 116154 00004 |  1.1616£0.0004 | 11691 £ 0.0004
11974 + 0.0000 | 11977+ 0.0004 | 1.1951 £ 0.0004 | 1.2036  0.0004
12310 +0.0000 | 1.23124+ 00004 | 1.2317 £ 0.0004 | 1.2357 + 0.000
16104 + 0.0000 | 1.6128 + 0.0003

[ 4+ 0.0004 . (.0004 | 0.1 + (. IIHI!

3 4 0.0004 ). + ().0004 + (1.0004

4 4+ 0.0004 0.5875 £ 0.0004 | 0.2 0.0004

[.5845 £ 0.0004 [1.5546 + 0.0004 | 0.5868 £+ 0.0004

04736 :I:[Z.:Z' () | 0.4722 £ ().0003 1.4728 + 0.0003 | 0.47: (.0003

m 04710 £ 0.0000 | 0.4691 4 0.0003 0.46097 + 0.0003 I..I.-1| lr.- + (.0003

TABLE II. Study of total cross section o{vpay ) and charge asymme-
try Apg(Vmax ). dd — g p, at /5 =189GeV. See Table 1 for defini-
tion of the energy cut vy, scattering angle and MLE. type,

BAYLOR
v=1-5s’/s
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» Recent Progress:
A
In Phys.Dark Univ. 2(2013)97, using

we show that we get the UV limit

Do 1L
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and the scalar contribution to A as

" 7y 2 i 2N 1 B2 fen 2 1)
]' f_fi L ﬂ?j\‘ﬁ ) E:_-}'tfr‘{_ k< /(2m=)) In(k” /m~+1)

E2 4+ m?
2

] Jr_?—IILTC

A Dirac fermion gives 7 times A..
= UV limit

L
" 22N —1)%3 In; |.-'

||.._.r
1

I—

= (),0817

Do 1L
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[Hlustration(Laucsher&Reuter(PRD65(2002)025013))--
UV Fixed Point:

B (A, g e, :fl——”u—|—:me-|—[H‘|;f—1-|—H“||_1— )= ﬁ'IH 5(0) — (d — 2) ]1: Ik

1 - v _y 3 [ PR a . R
+5d(d + 1)(d — 2)(4n)’ ~T iy ®}(0) g2 + O (2°)

By( M, gii a,d) = (d — 2) gi — (d — 2Jwagh + O (&)

£ LK
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For d=4, cut-off profile
RO(y) = yi(e¥-1),

7/(13 7 2/144+55/24+a)

O~
3/(3)/(13 1 2/144+19/24 )

A

e |12

Evidently, for appropriate @ and We can have
qualitative agreement with our pure gravity results

g. =0.0533
1. =~ -0.000189

BafLOK
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Planck Scale Cosmology --

Transition between Planck regime and
classical FRW regime at
tr — 251:PI

Do 1L
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For = time of radiation matter equality

We get (see Branchina&Zappala (G.R.Grav.42(2010)141))

e __1. Ij?:.l: I: 1 | | '| rllj'h_l I I‘II Ill I]r?:.l: .I :I'j T._ I: . ] -|I I Ii..l

=
I-IT

=t

t.:.J
= (2 400 x 102V

68 = 102V (1 £+ 0.023))4

£ LK
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CONSISTENCY CHECKS

Consider GUT symmetry breaking:
It gives a Mg /(.01 My,*/64) < 10°
correction, which we drop here.

Do 1L

9/26/2013
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CONSISTENCY CHECKS

B-R BDY CONDITION: H(t, )=H(t,.)
= (Gauge Transformation Between Planck
Scale Regime and usual FRW Regime
= af ly = 1/ (Z(ttr'tas))
= .= (1-1/2a))t, , with t, = a/M;,
a =25.
—
alt, = 1/(2yt,) = y=1/(2a)

= M3(1.0362)79.194 x 103(25)/ (6463, )
B LD (3/(87Gn)) (1/(2y taan)?)
0/26/2013 el LT




CONSISTENCY CHECKS

Raises the guestion of GUTS: Use SO(10)
SUSY GUT Approach off Dev: & Mohapatra
(PRD82(2010)035014):

Intermediate Stage:

SUL xSU, . xU XSU(3)

SIVIE Stagerat ~2 eV = Vik:

SUL XULXSU(3)

SUSY Breaking at EW scale Ml.:
9/26/2013 1 1)(SU(3)C

B fLOR




CONSISTENCY CHECKS

e Possible spectrum

mg = 1.5(10)TeV
mgs = 1.5TeV
mz = 1.0TeV
m; = 0.5TeV
| 04TeV, i =1
Mmge = e
- 0.5TeV, i = 2.3.4

Mg+ =05TeV, i =1.2
$

mg = 5TeV, S = A°, H*, H,.

BAYLOR
AR TR VEE W E T A()l"l':"

JE€{MSSM low energy susy partners )

9/26/2013 .
= 1.13(1.12) x 10™°




Compensate by either (A) adding new susy
families with scalars lighter than fermions or
(B) allowing the gravitino mass to go to

~.05 Mg 7~ 2x 101> GeV.
For approach (A),

new quarks and leptons at
Myign™ 3-4(3.3) x 103 TeV,

scalar partners at ~.5TeV =M __,




CONCLUSIONS
* Herwiri1.031 Just as General
Herwig6.5, No Tweaking, Should
Be Better in - Due to Bloch-
Nordsiek Effect
* Real Progress on A in QFT

Do 1L
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