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Ultraperipheral collisions (UPCs)

Two nuclei miss each other,

interact electromagnetically

\W

b>R1 + R2

Fast moving nucleus, highly boosted and almost

Different types: y-y, y-A transverse electromagnetic fields

Initial state coherent photons & gluons

Final state soft radiations & resummations 3
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v(w1, ki7) + v(w2, ko) — q(y1, P17) + G(Y2, PoT)
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Energy modes in the factorized expression

n; collinear : pf ~ pr (R*,1,R)pn.5,,
pr 0¢
R

(R27 ]-7 R)n%ﬁz

n; collinear-soft : |pl, ~

soft : | ptf ~ pr (0¢,5¢,09),

Factorization and Resummation formalism in
Soft-Collinear Effective Theory (SCET):
d%o
= [ dk,d);dly dly 0(ky + Ay + 115 + Ioo — q3)Blkg, p7, Y1,
dg.dprdyi1dys / 1,0 dl2,20( L, 2, 4z)B(kz, pT, Y1, Y2)

Ja hard function jet function
X H(pTa Ay: M)S(/\af:a Y1, Y2, K, V)Ul (ll,:c: Ra Y1, K, V)Jl(pTa Ra M)

_ X UQ(lz,m,R,yQ,H,V)JQ(pT,R,M),
acoplanarity
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RG equation of the hard function

d u?
dln”H (pr, Ay, ) = [—2Cmcusp(as) In 7 + 47q(as)] H(pr, Ay, p)
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RG equation of the hard function
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RG consistency relations

d
dln p

[SU1U2 H(pTa Aya /’L)Jl (pTa Ra /’L)Jz(pTa R: N)] =0

Evolve the hard and jet function at NLL accuracy
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Acoplanarity

for yy processes. Also, the data fall off more steeply with increasing Ht than the PyTHiA 8
and the measured A¢ distribution is noticeably wider than that in the Pytaia 8 MC.
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Di-lepton (e*e-) production

V(1P + k11) + v (2P + ka1 ) = I (p1) + 1 (p2) J.Adam et al. (STAR) 2021 Phys. Rev. Lett. 127 52302.
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Azimuthal asymmetry
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ete- productioninUPCs M >»q X m

Resummation formula that includes lepton mass resummation

do(q.) _ 2 f 27 12 2 doo(qL — 11 — k11 —k21)
P, HWMp) o (m,p) [ dldkiid ke, dP.S.
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Soft photon resummed cross section
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Factorization formula at low a
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Di-lepton (u*u-) production
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Azimuthal asymmetries of y*y- production M ~m>q,
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Soft function
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Azimuthal asymmetry
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Summary

»Dijet productions in UPCs: initial EPA photon & final QCD radiations leads to the factorization and
resummation formula at NLL accuracy in SCET. Good agreement with the ATLAS acoplanarity,
wider than Pythia8.

»e*e- productions: single logarithm accuracy of resummation formula is essential to describe the

acoplanarity data from ATLAS and CMS.

» *U- productions: muon mass corrections to the asymmetries is quite sizable at large q | . At low

g ., the asymmetries are mainly induced by the linearly-polarized coherent photons.

Thanks! *



RHIC p+p-

04r ‘ - .
00+
= with soft photon radiaton L senterd i I
03F g
10 = 2T e approx. soft photon 4 E_e——esgaassses=®” L
T 02f > — ] -oaf
= r TiNgeesa- without soft photon N I
O 1 < oaf e T o)
g %z : T~ & -02f
= Z  00C 5]
B |md 0.10 S : 3
TN b o et SReene, 0.1} 03l
T 60 — 80% centrality N\ T ==l i e . .
0.01 AuAu 200 GeV —— | _02 _ 60 — 80% centrality L 60 — 80% centrality '--\'
i ™ [ AuAu 200 GeV r AuAu 200 GeV .,
B 03 -04} s
0.00 005 0.10 0.15 0.20 0.00 005 0.10 0.15 020 000 005 010 015 020
q. [GeV] q. |GeV] q. [GeV]

19



2 d?%k yY\7 ni-n .
2 ~ 2e 2 0 1" 72 —ibg ks
S(bmylay%“? ) =1 +20 gs b f (2 ) 6(k )H(k ) (2160) €

ny k’]{,‘nz
Qs 2 2 n1 ng u262 4 o 2b2 2
= s _ 21n T
1+47TCF[ (77 ( T4l T B® 3]

with 12 = p2eYe/(4m) and by = 2e~"E. Here the rapidity regulator is given in (3.9)
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2 2
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2
JNLO =1 % “
(m,p) =1+ — |5+~

2 2 2
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» anomalous dimension associated with this jet function is given by

Qe
'y=—141
I 477(

0
Sn;(z) = exp [—ief dsn; - A(xz + Sni)] ;

ibe a point-like source traveling along the path z# + sn!’ with the light-like vectc
» soft function

S(re, Ay) = (0T [S], (r1)Sn, (r1)] T [S1,(0)S0, (0)] |0),

denote the directions of finial-state leptons. Expanding the Wilson line in the co
ft function is obtained as

2721 D) ik,

ddk

the bare electric charge, and k is the momentum of the final-state photon. N
mnomentum with the beam directions which is different from the direction of
integral, we obtain

4 4. pcr?

GNLO Ay — 14 % [4 N o _
ST (ry, Ay) +47r [62 + - b2A, + b2A +7T —4In A, In(1 — A,)
Afr = M2/(4P_12_ COS2 ¢r)
(272
T (8] bZl +8Incos’ ¢, — 8In %)

2
n
Eoy2).

(OIT[S, (L), (rL)ITISE, (0)S., (0)]]0),

the soft Wilson line S,,, is defined in analogy with S,, in Eq. (13), but with the lig
ne time-like vector v;, which is

C'Z-(TJ_,Pl,yi,m) =

m nt

02 with w; = 2P, coshy;.

» loop, the perturbative expansion of colliear-soft function gives us

d°k 20; - Ny Vit )

SNLO(y Py ) = 2\0( 1.0
Gy (rL, PL,yi,m) (27)d- 15(k )H(k)(vlkkﬁz v; - kk-v;

1+ el
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2 2
CNYO(ry , Py, y;,m) =1+ 4— [—6—2 + E(l —2InpR) —4In* uR+41InpR

R=—iP,e"®n;-r,/(mr,), and the anomalous dimension is

4PJ_u rJ_

Tl = Z—; (—41 b2 +4 — 41n cos? ¢, £ 4@'77) )
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p'J_ B P'J_—Q'J_ 'kJ_' ﬁJ_ . ﬁJ__q'J_ 1
PJQ_Jrefc (PL—qL)Q—I—e?t Pf_+e§c (PL—qj_)Q—I—efc -

{ b1 KL=k G(Y, g1, ALGY, ¢, ADF(Y, k1 )F(Y, kl)}

2
a / d2A ) d?k, d2K' 8% (kL + AL — 1)) / d*q.d*q,

x 2z(1 — 2)[2% + (1 — 2)?]

+ :eiBL'(Al_AL)G(—Y,ql,AL)G(—Y, ¢, AL )F (=Y, kL) F(-Y, ki)]
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The gluon distribution is given by,

2 2

Gla,AL) = / (2m)2 (2m)? Ne 2

Spencer Klein, A. H. Mueller, Bo-Wen Xiao, and Feng Yuan, 2019 Phys.Rev.Lett
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