LDM events — understanding backgrounds
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Understanding PDFs and the proton spin puzzle

A. Ekstedt, H. Ghaderi, G. Ingelman, S. Leupold
arXiv:1807.06589 Nucleon parton distributions from hadronic quantum fluctuations
arXiv:1808.06631 Towards solving the proton spin puzzle
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: _ model for : :
hadronic fluctuations PDFs at Q, | partonic fluctuations |uud gqq) |

Ip)=a|po) + apr|pm®) + apgnmt) + DGLAP Q* evolution of PDFs

N/

p-wave — L=1 not observed in DIS
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Fock expansion of proton state |P) = VZ |P),... + apr [n7T) + apo |P7°)

+ apiip- |ATTTTY + apiq0 |ATTO) + apogs |A%TH)
+ AAK+ |/\K+) +

fisp(x) = f,'l?%e(x) + 2 Heqa.my J Ay dz o(x — yz)f}?aﬁe( 2)fp()

H/p\Y
@ LO ChPT Lagrangian ~ ), ,(y) = gon | [doky |0 s kl)
H/P\Y) = mpday(T—) J & L |9 m2=ma(y,
= pi/ph oy, k2, N2)) = exp[—(p2, + PB)/(2/\%)]
ko—m;)?+kZ+kJ+kZ
O ore(x) = [ ke (k*/pfy — x) ep [T K o1 g - gy
DGLAP Q > @

@ 'Free’ parameters: 01, 03, 05 and Ay, Qg

A priori expected value: o; ~1/Dy ~ 0.1 GeV and Ay ~ Qo ~ 0.5 GeV 3
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Ay = 0.87 GeV,
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hadron-parton
transition !!



Resulting unpolarised PDFs
based on 5 physical parameters
— understanding!

cf. conventional PDF fits with
~30 parameters

Also explains sea gquark asymmetries:
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@ From pQCD point of view: since
my, mg < Aqcp, Qo ~ the
momentum distribution of the d and @
sea in the proton should be similar

@ ~ pQCD = xd — xii =0

@ Hadronic fluctuations: (cheapest)
[n7)

o mt ~ ud = |n7t) ~» asymmetry

@ Including |Am) ~» even better
agreement



The proton spin puzzle / “crisis”

1988 European Muon Collaboration:
measured polarization of quarks adds to only ~1/3 of proton spin 1/2

Unpolarised:

d?o

dg ~ 0@ = ) o xlay(x.07) +4,(x.0%)

PDF: g(x) = q'(x) + g*(x)

Polarised:
d?2Ac ~ 94(%,0?) = Z e? [Aq,(x, 02) + A, (x, 02)]
ddez 1 f f [\ Y

Polarised PDF: Aq(x) = q'(x) — g*(x)

> AT = [ dx Y, Aqr(x) =~ =031

1 1
proton spin = = =

> 2A):+Ag+Lq+Lg



Polarised PDFs: Af>7%(x) =

AF>

U(6)
q/H

p 1) =
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* Problem in extracting neutron state from deuterium state ??

fqb/altf ( )

u T (ud)s=o uT (ud)s=1

f| ) + \/—I )

L (ud)smy St o
V2

+T|d 1 (uu)s=1)

Melosh = relativistic
spin transformation

P spin OK !
But not n spin ?

Solutions ...?

= Af,p =2, Afyp=—-1 — |p) =~ [u'u'd')
In constrast to SU(6) quark model !1?7?



Possible effects of soft gluon fields missing !!
Information available from diffractive scattering

' : /

jet ¢€ e ¢ [ e
p q q
\ - \ ' X
P jet P v
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P p P p P P p p

Regge theory (soft pre-QCD):
pomeron factorization do(a +p —p+X) = fp,(vp.t)do(a+ P — X)
Gas 7 1 w2cutg-l a=np,ey ..
1 e 20
41 Wby =

pomeron trajectory «ap(t) >~ 1.08 + 0.25¢

6 M

pomeron flux  fp/,(zp,t)

Pomeron as color singlet gluon field
g (a) Q2=4_ 5 GeV2 ------- Gluon, fit 3

------- Gluon. fit 2

s | Regge trajectories
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Extra material



S|
More info in spin sum rules: T"*"(Xmin) = / dx (glp(x) ig{’(x))

min

— ;_'_;" © COMPASS: TP ~"(gpn) ——
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. p . — —y o= - — +Melosh —-—
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Data—s F~"(0) = Af,p =2, Afyp=—1

— |p) = |u'u'd') inconstrast to SU(6) quark model 1?77

G. Ingelman: PDFs & soft QCD




Conclusion

Hadron fluctuations (ChPT) + non-pQCD parton fluctuations
+ pQCD DGLAP evolution + SU(6) quark flavor-spin symmetry
— repoduce data on

e proton spin structure function

e Ellis-Jaffe sum rule

e proton gquark spin sum AX

bare

hadronic fluct.

Melosh

SU(6) break.

AT=P

AY

0.95

0.75

0.39

+ SU(6) breaking — reproduce data on

e neutron spin structure function

e Bjorken sum rule
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0.39

0.26-0.36
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QCD established as the theory for strong interactions,

but soft non-pQCD is the major unsolved problem within the Standard Model

Q < | GeV /\]] QN | GeV Q() QZ | GeV
| | | | | ;
| | | | | 0 [GeV]
ChPT hadrons <« 277 — partons pQCD
Soft gluon fields !?

Consider information from soft elastic/diffractive hadron scattering

hl hfl hl hfl hy N " hy hy : hy

(S DU »:

- 38 8'E'Y
hQ hg hQ hg AL

h-_;v hg

Pomeron 2-gluon reggeized gluon field
theory/phenomenology exchange gluon ladder  vacuum fluctuation
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Possible effects of soft gluon fields missing !!
Information available from diffractive hard scattering:

jet /\ jet
/ dojj  dosp o(lPp—jj)

”é\‘\ | dtdM%  dtdM% o(Pp — X) o n
P get ' ' .
2\ do jet

P

P ' o(lPp— jj) = /lll|(l!)(lfz fip(x1, Q° ) fi/ml22; @° )W
Based on:
pomeron factorization do(a+p —p+ X) = fpplep,t)do(a+ P — X)
a=npey ..
0 .32 1 2ap(t)—1
pomeron flux feip(ze,t) = 5o ( ) [Fl(t)]2
472 Lp
pomeron trajectory ap(t) ~ 1.08 + 0.25¢

from Regge phenomenology with
3 = 3.24 GeV* is the mentioned effective pomeron-quark coupling and Fy(t) = (4m; —
At)/ (47‘72;2)—75) (1—t/ B)~?is a proton form factor with m,, the proton mass and parameters
A=28, B=0.17.
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Reggeon Field Theory before QCD

P.D.B. Collins, An introduction to Regge theory and high energy physics, Cambridge
University Press, Cambridge, 1977,

* V.N. Gribov introduce in the 60’s -

* Scattering amplitude at high energies for hadrons is according Regge Theory | Rregge trajectories

“ - . ”» . . . . R .
» The exchange are “quasi particles” characterized by its Regge trajectories : |, 4,24 >
at) /
ce(e) . 93"”3/10) 20.+0.71
o 5 2 i
kT S m&" _____ , pomeron
(3,49 i a1 aft)= 1.1+ 0.25 t
named after Pomeranchuk
z+ § >
f‘,’*f — PONER O t=M? (GeV?)
T F A , -
P ap(t) = ap(0) + as t = 1.08 4 (0.25 GeV %) ¢
-
A iz A - A 5
= NP \ 2 3 4
-% M (Gev™) — L

» According to the Regge theory the contribution to the total Cross section, is given by:

or = Aisai(o)—l

» Leading Pole: is Called Pomeron with vacuum quantum numbers

a(t) = ag+a’'t  ay is the Pomeron interceptand «a’ s the slope
' optical theorem

L
Ttotal Z }F 4 = Im ﬁ( = \fg\]”" (0)
X : N
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Diffractive hard scattering

|dea:
Ingelman-Schlein 1984  — Blois -85!!
— hard scale probes parton level
— IP flux
— IP structure function
Predicted:
— jets etc. in hadronic diffraction
— diffractive deep inelastic scatering

Discovery: UA8 at SppS 1988
— jets in single diffraction ~ model
— hard gluons zg(x) ~ (1 — x) in IP
— ‘superhard’ §(1 — x) component
More exp's: HERA ep, Tevatron pp

Diffractive DIS \

p P’

do .
de dQ?dxpdt ~—

Zree (1+ (1 —y)2) Fy

271'(1

Q%
F2D(4) (:E? Q27 Lp, t) —

flzp,t) Fy (8,Q°)

IP flux
Fits HERA rapidity gap data

IP structure
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